
University of Montana University of Montana 

ScholarWorks at University of Montana ScholarWorks at University of Montana 

Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 

1984 

A reconnaissance investigation of active tectonism in the A reconnaissance investigation of active tectonism in the 

Bitterroot Valley western Montana Bitterroot Valley western Montana 

Peter E. Barkmann 
The University of Montana 

Follow this and additional works at: https://scholarworks.umt.edu/etd 

Let us know how access to this document benefits you. 

Recommended Citation Recommended Citation 
Barkmann, Peter E., "A reconnaissance investigation of active tectonism in the Bitterroot Valley western 
Montana" (1984). Graduate Student Theses, Dissertations, & Professional Papers. 7527. 
https://scholarworks.umt.edu/etd/7527 

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 

https://scholarworks.umt.edu/
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/grad
https://scholarworks.umt.edu/etd?utm_source=scholarworks.umt.edu%2Fetd%2F7527&utm_medium=PDF&utm_campaign=PDFCoverPages
https://goo.gl/forms/s2rGfXOLzz71qgsB2
https://scholarworks.umt.edu/etd/7527?utm_source=scholarworks.umt.edu%2Fetd%2F7527&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@mso.umt.edu


COPYRIGHT ACT OF 1976
T h i s  i s  a n  u n p u b l i s h e d  m a n u s c r i p t  i n  w h i c h  c o p y r i g h t  s u b ­

s i s t s . A n y  f u r t h e r  r e p r i n t i n g  o f  i t s  c o n t e n t s  m u s t  b e  a p p r o v e d  
B Y  t h e  a u t h o r .

M a n s f i e l d  L i b r a r y  
U n i v e r s i t y  o f  M o n t a n a
Date  : . T  9  8  . 4 .  ____





A RECONNAISSANCE INVESTIGATION OF 
ACTIVE TECTONISM IN THE 

BITTERROOT VALLEY,
WESTERN MONTANA

by

Peter E. Barkmann

B.S., Western Washington University, 
Bellingham, Washington, June, 1976

Presented in partial fulfillment of the 
requirements for the degree of

Master of Science

UNIVERSITY OF MONTANA 
1984

Approved by:

Chairman, Board of Examiners

leaTu Graduate Schoo

______________ 5 " - / ^  HDate



UMI Number: EP38328

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are  missing pages, th e se  will be noted. Also, if material had to be removed,

a note will indicate the deletion.

UMT
Oissartation Publishing

UMI EP38328

Published by ProQ uest LLC (2013). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United S tates Code

ProOuesf
ProQuest LLC.

789 East Eisenhower Parkway 
P.O. Box 1346 

Ann Arbor, Ml 481 0 6 - 1346



ABSmCT

Barkmann, P e ter E ., M. S ., Spring, 1984 Geology

A Reconnaissance In v estig a tio n  o f Active 
Tectonism in  the  B itte rro o t V ^ ley , Western Montana

D irector: Robert M. Weidnan

The B itte rro o t Valley of western Montana i s  located  a t  the west 
ed^e o f ac tiv e  has in-range tectonism. Although evidence of seism icity  
i s  lacking, f a u l t  scarps in  Quaternary moraines and outwash fans 
a t t e s t  to  recen t displacements on normal fa u lts  th a t are  l i s t r l c  along 
the base o f the B itte rro o t Range. The l a t e s t  movement probably 
occurred p r io r  to  12,000 years b .p . .

F racture  p a tte rn s  in  the v a lley  and surrounding area  were 
analyzed from maps compiled a t  a sca le  of 1:250,000 to show geology, 
pho to linears and lineaments drawn from a e r ia l  photos, generalized 
topography, and tec to n ic s . These compilations ind icate  a d e fin ite  
s tru c tu ra l  g ra in  co n tro lled  by north-south , east-w est, northwest, and 
two n o rtheast f rac tu re  s e ts . Complex h is to r ie s  of recu rren t movement 
on some n o rth east and northwest fa u lts  include normal s l ip  and s tr ik e  
s l ip  movements.

The middle segnent o f the v a lley  l ie s  between major 
no rth east-tren d in g  lineaments th a t appear to  be ac tive  fa u lts  w ith the 
segment o f the v a lley  between them dropping re la tiv e  to  the areas 
n o rth  and south. In  response to  th is  tec to n ic  in stab ilitry ', the 
B itte r ro o t River i s  depositing  i t s  load in  an unstable, ever-changing 
braided  channel th a t  trav e rses  the block between the two fa u lts .

i i
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C hester I  

IKERÛDÜCTIQN

For 50 y ears , no seism ic a c t iv i ty  has been recorded in  the B itte rro o t 

V alley (Figure 1). Yet fau lted  and ro ta ted  Quaternary landforms ind icate  

th a t  the w est s ide  o f  the v a lley  has been dropping along l i s t r i c  normal 

f a u l t s . The middle segnent o f the  v a lley  l i e s  between major northeast 

trend ing  lineam ents vdiich are p a r t  o f a fundamental s tru c tu ra l grain  o f 

d is t in c t  n o rth eas t, northw est, east-w est, and north-south  trending 

f ra c tu re  se ts  th a t extend w ell beyond the B itte rro o t Valley. The 

n o rth ea s t trend ing  lineaments may be ac tive  fa u l ts  th a t profoundly 

influence the  behavior o f the B itte rro o t River w ith  the middle segnent of 

the v a lle y  dropping r e la t iv e  to  the areas no rth  and south.

While in v es tig a tin g  the  hydrology o f the B itte rro o t River, Kem 

C a rtie r  (1982) found evidence th a t the r iv e r  i s  not in  equilibrium . He 

proposed th a t ac tiv e  tectonism , ra th e r  than recen t c u ltu ra l a c t iv i t ie s  or 

c lim a tic  change, m i^ t  be the  cause o f th is  d ise q u ilib r im . The stream 

g rad ien t steepens abrup tly  near Charlos H e is t s  (Figure 2) a t  a point 

roughly on the trend  o f  a  major n o rth east lineament herein  named the Tin 

Cup lineament. Upstream from there  the r iv e r  cuts a  meandering channel 

in to  c ry s ta ll in e  bedrock. Downstream, fo r the next f i f t y  kilom eters 

unstab le  anastomozing channels characterize  the  r iv e r  where the r iv e r ’s 

p ro f i le  i s  below the th e o re tic a l p ro f ile ;  here the r iv e r  deposits i t s  

bedload. Then, a t  S tevensv ille , the r iv e r  begins to  follow  an abnormally
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Figure 1. Location o f the study area  i s  in  the  upper l e f t  in se t in  xdiich 

Cenozoic basins are  s tip p led . Geographic d e ta ils  a re  to  the r ig h t  where 

s tip p lin g  ind ica tes floodp la in  and Quaternary te rra c e s  of the B itte rro o t 

V alley. (Modified a f te r  McMortry, e t  a l . ,  1972, and Pardee, 1950).
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Figure 2. Long topographic p ro f i le  o f  the B itte rro o t Fiver i s  cotrpared 

w ith  the th e o re tic a l equilibrium  p ro f i le ,  showing re la tio n sh ip s  o f p ro f i le  

in f le c tio n s  to  n o rth east trending lineaments th a t  (Dartier suggests may be 

a c tiv e  fa u l ts  (from C a rtie r , 1982).



s t r a ig h t  channel th a t may in d ica te  down c u ttin g  in  unconsolidated va lley  

f i l l .  There the grad ien t f la t te n s  and the  ac tu a l and th e o re tic a l p ro file s  

in te rs e c t .  C artie r id e n tif ie d  another n o rth east trending lineament, 

h e re in  named the S tevensv ille  lineam ent, crossing  the r iv e r  a t  th is  po in t.

C a rtie r  (1982) suggested th a t  the  Tin Cup and S tevensv ille  lineaments 

a re  a c tiv e  f a u l ts  w ith  the segnent o f  the v a lle y  between them dropping as 

a  block r e la t iv e  to  the  segments n o rth  and south. He a lso  suggested th a t 

the braided  channel in  th is  middle segnent appears to  be sh if tin g  westward 

Ind ica ting  a westward t i l t  o f  the  block. My in v estig a tio n  was aimed a t:

1) te s tin g  C a r t ie r 's  hypothesis o f ac tiv e  tectonism  In  the B itte rro o t 

V alley by looking fo r  o ther evidence o f ac tiv e  fa u ltin g  in  the area, and

2) evaluating  the  natu re  and sign ificance  o f  C a r tie r 's  lineaments.



CHAPTER I I  

COMPILED GEOLOGY

A ll av a ilab le  published  and unpublished geological maps in  the area 

a re  cocnpiled on P la te  I ,  map sources are  shown on P la te  11, and a complete 

b ibliography fo r  the area  i s  given in  Appendix A. D etailed  work on the 

tec to n ic s  o f  the a rea  has centered p r in a r i ly  on: 1) the Late Cretaceous

development o f the f ro n ta l  zone gneiss underlying the uniform east-slop ing  

fro n t o f the  B itte r ro o t Range, and 2) the  nature  o f the B itte rro o t dome 

fu r th e r  to  the  v e s t (see Ifyndman, 1980, and Chase, 1977). Unfortunately, 

most o ther mapping in  th e  region has been reconnaissance on a small scale . 

Furthermore, none o f  the previously  mapped fa u lts  have been shewn to  

d isp lace  Quaternary fea tu re s .

Many o f the previously  mapped fa u lts  occur in  bedrock adjacent to the 

v a lle y  (Figure 3) and trend  towards the v a lley  f i l l .  TWo normal fa u lts  

mapped by Clark (1979) s tr ik e  in  a northwest d irec tio n  towards C a rtie r’s 

(1982) Charlos Heights stream p ro f i le  in fle c tio n . These fa u lts  bring 

p re -B e lt(? )  orthogneiss vp ag a in st high grade meta-sediments. Cretaceous 

g ra n it ic  dikes cu t these f a u l ts  implying th a t there  has been no 

s ig n if ic a n t post-Cretaceous movement along them. S im ilarly , the 

northw est-trending  Gold Creek f a u l t  trends towards the S tevensville  stream 

p ro f i le  anomaly. However, i t  has no t been mapped beyond the bedrock 

outcrops in  the fo o th il ls  o f the Sapphire Mountains. Langton (1935) 

mapped th is  f a u l t  as a Laramide high angle th ru s t bringing R avalli
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Figure 3. Previously mapped fa u lts  in  the B itte rro o t region in  re la tio n  

to  C a r t ie r 's  stream p ro f i le  anomalies and lineam ents. From Lindgren, 

1904; Langton, 1935; Pardee, 1950; McMurtry, e t  a l . ,  1972; VJitkind, 1975; 

Wehrenberg, 1972: see P la te  I I  fo r  source lo ca tio n s.



Formation up over Wallace Formation. The fa u l t  s t r ik e s  toward Svnset 

Bench, a pediment surface carved on sennL-oonsolidated T ertia ry  sediments 

and th in ly  veneered w ith  alluvium. Although no scarps a re  apparent on 

th is  su rface, deeply in c ised  northwest trending l in e a r  g u llie s  trend 

p a r a l le l  to  and are  on s t r ik e  w ith  the  f a u l t .  Headward erosion o f these 

in te rm itte n t streams may have followed zones o f low re s is ta n c e  caused by 

minor la te  T e rtia ry  o r e a r ly  Quaternary movements on the Gold Creek f a u lt

and o thers p a ra l le l  to  i t .

There have been frequent references in  the l i te r a tu r e  to  the 

p o s s ib i l i ty  o f  Cenozoic fa u ltin g  along the  fro n t o f the B itte rro o t Range. 

Lindgren (1904) in fe rre d  the  existence o f a  major range fro n t fa u l t  in

p a r t  from the uniform 15-25^ e a s t  dipping slope o f the fro n t. He

suggested g n e issic  tex tu re  o f  g ra n itic  rocks along the fro n t implied 

movement along the f a u l t  sh o rtly  a f te r  in tru s io n  o f the Idaho b a th o lith  

w ith  u p l i f t  o f the B itte r ro o t Range above the Clearwater P lateau  to  the 

west acconpanied by dcwndropping o f  the  B itte rro o t V alley. Furthermore, he 

believed  th a t steep stream g rad ien ts a t  the mouths o f several canyons 

along the range and a fre sh  scarp near the Curlew mine seen in  1898 

in d ica ted  th a t the f a u l t  i s  s t i l l  a c tiv e .

Ross (1952) argued th a t  the steep  stream grad ien ts c ited  by Lindgren 

might be a ttr ib u te d  to  g la c ia tio n  o r stream rejuvenation. He suggested, 

in  c o n tra s t, th a t  coqpressive forces o f the Idaho b a th o lith  formed the 

f ro n ta l  zone gneiss and th a t  the even slope o f the range fro n t i s  a dip 

slope on the gneiss, and consequently, i s  no t a ttr ib u ta b le  to  fau ltin g . 

N evertheless, he conceded th a t there  may have been Quaternary movements on 

many minor normal fa u lts  along the range fro n t.
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Pardee (1950) suggested th a t  f a u l t  movements were d is tr ib u te d  through 

a  broad zone o f in ten se ly  b recc ia ted  rock exposed in  several locations 

along the  range (see P la te  I  o f th is  paper, Clark 1979, Chase 1961, Groff 

1954, Anderson 1959). This b recc ia  zone nay extend along the e n tire  range 

fro n t bu t i s  no t everyvtere exposed. I t s  sign ificance  and re la tio n sh ip  to  

both the  f ro n ta l  zone gneiss and fa u ltin g  along the  range fron t are 

unclear and w arrant fu r th e r  in v es tig a tio n .

Faceted spurs found north  o f Bear Creek are  evidence o f an en echelon 

se r ie s  o f no rth  to  n o rth east trending  e a s t dipping norm al-slip  fa u lts  

along the  range fro n t (Figure 3). Wehrenberg (1972) a ttr ib u te d  movement 

on these fa u l ts  to  the l a s t  phase in  the T ertia ry  r i s e  o f the B itte rro o t 

dome. The fa u l ts  d isp lace  f ro n ta l  zone gneiss and the b reccia  described 

above. Anderson (1959), Chase (1961), Groff (1954), and Pardee (1950) 

have suggested th a t  recen t displacements formed trenches and notches found 

in  the fo o th i l ls .  These sc a tte re d  trenches and notches probably are le ss  

r e s is ta n t  fa u l t  gouge o r zones o f  in tense  hydrothermal a lte ra tio n  and not 

in d ica tio n s o f Quaternary or more recen t fau ltin g .

Lindgren (1904, p. 49) reported  a  fresh  18" scarp extending north  and 

south d isp lac ing  the e a s t s ide  down near the  Curlew mine. He was not 

sp e c if ic  about i t s  lo ca tio n  bu t im plied th a t i t  was along the southernmost 

o f the  en echelon fa u l ts  described above (Figure 4)  ̂ a  f a u l t  lA ich 

juxtaposes m ineralized Wallace formation in  the  hanging w all against 

b recc ia ted  gneiss to  the west. In  the  same paragraph he described a 

second no rth  trending , 45° e a s t dipping norm al-slip  f a u lt  fu rth e r to  the 

e a s t  a t  the Curlew mine. This second f a u l t ,  henceforth ca lled  the Curlew 

fa u l t ,  drops T e rtia ry  sediments against Wallace formation in  the footw all
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Figure 4. Topographic map o f the  Curlew Mine area  showing loca tion  of 

major fa u lts  and the scarp described by Harold White.
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to  the west. The T ertia ry  beds apparently  displayed drag folds in  the now 

flooded ndne.

Harold White o f  V ic to r (o ra l canm nication , 1982) gave a descrip tion  

very  s im ila r  to  L indgren 's d escrip tio n  (1904) o f a  scarp seen in  1910.

This scarp apparently  was on a  s te q ) e a s t  facing  h i l l  in  sections 23 and 

14, T8N-R21W, south o f  and on s tr ik e  w ith the Curlew fa u lt  described 

above (Figure 4). This d if fe rs  w ith Lindgren* s loca tion  along the fa u lt  

between gneiss and Wallace formation. However, I  suspect th a t the scarps 

described by Lindgren and White may have been the sane. Both reports are 

le s s  than c le a r , bu t I  suggest th a t the scarp was along the Curlew fa u lt .

There i s  no scarp on th a t  h i l l  now; the  h i l l  i s  heavily  vegetated, 

covered w ith  gane t r a i l s ,  and crossed by several abandoned ir r ig a tio n  

d itch es . Such a small scarp probably would not have la s te d  80 years.

Mr. White a lso  reported  th a t  the  scarp ran along side  o f  and displaced a 

d itc h  which la t e r  had to  be re b u il t .  The in troduction  of d itch  water to  

the  steep h i l l s id e ,  and possib ly  in to  the Curlew fa u l t ,  may have triggered  

lo ca l slimping forming a scarp e a s ily  mistaken fo r  one produced by 

tec to n ic  fo rces.
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CHAPTER I I I  

PHOTO-LINEARS AND LINEAMENTS

P ho to -liiiear and lineam ent Mapping

P ho to -linear in  th is  rep o rt re fe rs  to  any l in e a r  trend  in  topography, 

s o i l  tone, and vegetation  ranging between 0.5 and 5 kilom eters in  length 

seen on an a e r ia l  photograph. N aturally  occurring pho to -linears th a t are 

n o t t i l t e d  bedding o r  fo l ia t io n  planes may represen t the traces  of jo in ts  

o r f a u l ts  (Lattman, 1958). Dark-toned patches in  black-and-^Aite p rin ts  

o f  fa ls e  co lo r in fra red  a i r  photos in d ica te  d r ie r  vegetation  while l ig h te r  

toned patches in d ica te  a c tiv e ly  growing, w ell i^ te re d  vegetation. Linear 

shapes o r l in e a r  arrays o f  these anomalous tones may ind ica te  ground water 

in te rru p tio n s  along buried fa u l ts .  Lineament in  th is  rep o rt i s  a lin e a r  

trend  in  topography, an a ligned succession o f pho to -linears, or a broad 

zone o f  near p a ra l le l  pho to -linears longer than fiv e  kilom eters; these may 

rep resen t la rg e r  sca le  f a u l ts  o r  f a u l t  zones.

P la te  I I I  i s  a  com pilation o f  pho to -linears and lineaments I  

id e n t if ie d  on 1:63,000' United S ta te  F orest Service panchromatic and 

b lack-and-\d iite  p r in ts  o f  1:125,000* NASA U-2 fa ls e  co lo r in fra red  a ir  

photos. Frequency rose diagrams, in  Appendix B, o f photo -linears from 

th ir te e n  domains In  the  stu<fy a rea  demonstrate th a t  the photo -linears f a l l  

in to  f iv e  d is t in c t  trends as follows: N30°-40°E, N50°70°E, N20®-50°W,

N-S, and E-W. The trends a re  c le a r ly  non-random, and they occur w ith in  

and cross boundaries between areas o f  d if fe re n t rock types. Many o f these
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p h o to -linears  nust be fra c tu re  con tro lled . Figure 5 demonstrates th a t a l l  

trends can be found in  the  B itte rro o t V alley i t s e l f .

I  was ab le  to  f i e ld  check only a  small percent o f  the  photo-linears 

and lineam ents in  the  vhole study area  and about 10% w ith in  the va lley  

i t s e l f ,  A v a s t m ajo rity  o f  those checked could no t be v e r if ie d  due to  

very lim ited  bedrock exposures. IWenty proved to  be fa u lts  and are  shown 

on P la te  IV; s ig n if ic a n t f a u l ts  s h a ll  be discussed below. In addition, I  

id e n tif ie d  prominent near v e r t ic a l  frac tu re s  in  severa l locations th a t did 

no t have corresponding p h o to -lin ea rs . For exanple, there  i s  a s e t  of NI5^ 

to  25°E v e r t ic a l  to  70°E dipping frac tu re s  near the Como Peaks th a t are 

not apparent in  the  F o rest Service a i r  photos (P la tes I I I  and IV). Seme 

o f these  fra c tu re  surfaces have near v e r t ic a l  s lick en sid es .

A comparison o f  P la te s  I I I  and IV w il l  show several previously m^rped 

fa u l ts  th a t  shew \jp as prominent lineam ents. The most outstanding are the 

northw est trending high angle reverse  fa u l ts  12 kilom eters southeast o f 

S tevensv ille  mapped by Langton (1935), ^hich w il l  be discussed in  d e ta il  

l a te r .  Weidnan and A lt (1976) found good c o rre la tio n  between rose 

diagrams showing the  frequency o f  mapped high angle fa u l ts  and those o f 

Landsat-1 lineaments in  two regions northwest o f  >Hsscula. D irect 

correspondence between ind iv idual lineaments and mapped fa u lts  was poor. 

U nfortunately, mapping in  the  B itte rro o t area i s  in su ff ic ie n t to  conduct a 

s im ila r  s t a t i s t i c a l l y  sound c o rre la tio n  study.

Photo-Linears and Lineaments in  the Valley

Most o f  the surfaces on the e a s t side  o f the v a lley  are pediment 

surfaces th in ly  veneered w ith  Quaternary a lluv iun . Photo-linears on
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Figure 5. Frequency rose  diagram fo r  pho to -linears in  the northern  p a rt 

o f  the  B itte rro o t Valley; based on 159 lin e a rs  p lo tte d  in  10° azimuth 

segments fo r  the shaded area on the  index map.
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these  surfaces may be trac es  o f o lder fa u l ts  confined to  underlying 

bedrock, u sua lly  T e rtia ry  sediments o r  Cretaceous g ran ite . Or they may be 

tra c e s  o f  f a u l ts  d isp lac ing  the Quaternary fea tu re s . I t  i s  hard to  make 

th is  d is t in c tio n  w ithout d e ta ile d  ground con tro l.

P ho to -linears and lineaments a lso  occur in  the c en tra l and western 

po rtio n s o f the  v a lle y . There, g la c ia l  outwash fans and recen t a llu v ia l 

fans dominate, and bedrock exposures are  ra re . Figure 6 i s  a 

black-and-xdiite p r in t  o f an in fra re d  a i r  photo o f the southern h a lf  o f the 

B itte rro o t Valley showing these pho to -linears th a t  a re  l in e a r  stream 

segnents, l in e a r  edges o f te rra c e s , a lig ie d  ends o f te rra c e s , and lin e a r  

bands o f anomalous surface tones. Many o f the  photo lineaments may be /k 

co inc iden ta l alignments o f non-tec ton ic  fea tu res . However, the 

non-randomness o f trends suggests to  me tec to n ic  o rig in s .

Hainan (1972) suggests th a t lineaments in  areas such as th is  represent 

trac e s  o f frac tu re s  generated by th ree  possib le  mechanisms. In  the f i r s t ,  

te c to n ic  forces younger than the sediments produced the frac tu re s . The 

fra c tu re  o r ien ta tio n s  would, there fo re , r e f le c t  the l a t e s t  s tre s s  

o rie n ta tio n s . In  c o n tra s t, the f ra c tu re s  may have propagated upward 

during tec to n ic  rejuvenation  o f basement s tru c tu res  o lder than basin  f i l l .  

L as tly , d i f f e r e n t ia l  compaction o f  the  sediments could have generated 

fra c tu re s  un re la ted  to  tec to n ic  a c t iv i ty  o r basement s tru c tu re s . The 

lineam ents in  the B itte rro o t Valley trend  s im ila rly  to  lineaments in  

bedrock ou tside  the v a lley , and I  be lieve  they re su lted  from movements 

along the buried  s tru c tu re s .

Many l in e a r  landforms a t  the ends o f the high te rraces  may be 

composite s p its  developed by erosive wave ac tion  and longshore d r i f t  in
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g la c ia l  Lake Missoula (Alden, 1953). They a re  made o f w ell-so rted  sands 

and g rava is , and a re  a l l  hooked in  a  southerly  d irec tio n . Appendix C 

includes maps and descrip tions o f several o f  these fea tu res . They 

in d ic a te  to  me the  p o s s ib i l i ty  o f strong reworking o f a lluv iun  and the 

m odification  o f Quaternary landforms in  the  v a lley  by curren ts and waves 

o f the  lake. Shoreline erosion  (Reinson, 1980) could have g rea tly  

m odified fa u l t  scarps in  unconsolidated Quaternary a lluv iun , 

sem i-consolidated T ertia ry  sediments, and h ighly  frac tu red  o r deeply 

weathered bedrock. Id e n tif ic a tio n  o f  these  modified tec to n ic  scarps might 

be very d i f f ic u l t .  Any fa u l t  scarps a t  the  e levations o f prolonged 

shore line  stands would have been p a r tic u la r ly  vulnerable. This topic 

demands fu r th e r  in v estig a tio n .

G eneralized Topography

A generalized  topographic map (P la te  IV) was drawn by contouring 

maxiinm elevations w ith in  four kilom eter g rid  squares on U.S.G.S. 1x2^ 

topographic quadrangles. The map also  includes subsurface topography of 

the bedrock beneath the  B itte rro o t Valley from Lankston's (1975) grav ity  

and seism ic study. Although obscured on reg u la r topographic maps by the 

p a tte rn s  o f present-day drainage systems, very strong north-south , 

N30°-50°W, and N40^-55^, reg ional l in e a r  trends become q u ite  obvious. 

These trends c o rre la te  w e ll w ith the  pho to -linear trends strongly  

supporting the  inference o f  through-gping fractxire systems th a t control 

reg iona l erosion p a tte rn s .

N ortheast Lineanents

The S tevensv ille  lineament (Figure 7), as recognized by C artier 

(1982) in te rse c ts  the r iv e r  where the stream grad ien t decreases downstream
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F igu re  7. The S te v e n sv ille  lineam ent between th e  gp ld  arrows as seen  on a  1:125,000 

b lac k  and id ii te  p r in t  o f  NASA U-2 f a l s e  c o lo r  in f ra re d  a e r i a l  photo; in s e t  shows i t s  

r e la t io n s h ip  to  o th e r  f a u l t s  in  th e  a re a . Curlew mine i s  j u s t  o f f  o f  th e  r ig b t  s id e  o f  

th e  photo .
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and th e  channel s t r a iÿ i t e n s  a b ru p tly . I t  i s  s u b -p a ra l le l  to  the  

southernm ost en  echelon f a u l t  a long th e  B i t te r ro o t  Range f ro n t  and beg ins 

i n  th e  v i c in i ty  o f  th e  Curlew Mine. From McCalla Creek to  th e  r i v e r ,  th e  

lineam ent fo llo w s a  s e r ie s  o f  dark  pa tches on th e  lew te r ra c e s  seen  in  

in f r a r e d  a i r  photos th a t  may in d ic a te  ground v a te r  d is ru p tio n  along a 

concealed  f a u l t .

F a u lt  sca rp s  a re  n o t obvious on th e  w est s id e  o f  th e  v a lle y . Breaks 

in  s lo p e  on th e  h ig h  te r ra c e s  between McCalla Creek and th e  B i t te r ro o t  

R iver may be rerm ants o f  a  form er f a u l t  scarp  th a t  has s in c e  been eroded. 

In  o th e r  p la c e s  a  f a u l t  scarp  may have been b u rie d  benea th  younger 

a llu v iu n . D e ta ile d  mapping should t e s t  th e se  hypotheses and v e r i fy  th i s  

lineam ent as a  f a u l t .

In  th e  f lo o d p la in  th e  S te v e n sv ille  lineam ent fo llow s a  s e r ie s  o f  

abandoned channels o f  th e  B i t te r r o o t  R iver. I t  th en  con tinues to  the  

n o r th e a s t  a long  th e  l in e a r  northw est edge o f  a  h igh  te r ra c e . From th e re  

i t  fo llow s Dry Gulch, one o f  many very  l in e a r  d rainages deeply eroded in to  

th e  pedim ent su rface  developed on T e r t ia ry  sedim ents and Cretaceous 

g ra n i te .  The e le v a tio n s  o f  th e  pedim ent on e i th e r  s id e  o f  Dry Gulch a re  

th e  same, and to  th e  e a s t  th e re  i s  no apparen t o f f s e t  o f  th e  northw est 

rc tre n d in g  f a u l t  c o n ta c t between th e  Cretaceous Ambrosia s to ck  and B e lt 

sedim ents (Langton, 1935; see  a ls o  my P la te  I ) .  This suggests  th a t  

d isp lacem en t along t h i s  lineam ent, i f  i t  i s  a  f a u l t ,  in c re a se s  to  th e  w est 

and im p lie s  a  h inged d isp lacem ent so u th e a s t s id e  down.

A s h o r te r  s u b p a ra l le l  lineam ent c ro s se s  th e  r i v e r  about e ig h t  

k ilo m e te rs  n o r th  o f  th e  S te v e n sv ille  lineam ent (see  F igu re  7) and fo llow s 

s h o r t  l in e a r  g u l l ie s  in  a  h ig h  te r r a c e  and a  s t r a ig h t  segment o f  th e  main
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stream  channel. A small landslide  has occurred along the southwest end o f 

the  lineament a t  the edge o f the  h i ^  te rra ce  th a t may in d ica te  ground 

w ater iiqpounànents by a  f a u l t  w ith  consequent slope fa i lu re s  (Hoffinan, 

1980). Semi-consolidated floodp la in  s i l t s , sands, and gravels containing 

carbonized logs in  a  cu t bank o f the  B itte rro o t R iver on the southeast 

side  o f the  lineament t i l t  15^to the  no rth . These sediments may be 

T e rtia ry  (McMurtry, e t  a l . , 1972) o r Quaternary (A lt, personal 

comnunication, 1982) in  age. Limited outcrop precludes d e ta ile d  

s tru c tu ra l  in te rp re ta tio n  o f these beds, which may have been t i l t e d  along , 

another no rtheast trending f a u l t  represented  by the lineament.

The Charlos H e is t s  stream p ro f i le  anomaly occurs in  a broad zone o f 

p h o to -linears  here in  named the Tin Cup lineam ent. G laciated canyons in  

th is  p a r t  o f the B itte rro o t Range have l in e a r  n o rth east trends th a t 

c o n tra s t w ith  the normal east-w est trends o f canyons elsewhere in  the 

range. The b recc ia  zone mapped by Clark (1979), shows r ig h t separation  o f 

as nuch as two kilom eters along severa l o f these lineaments between Lost 

Horse and Tin Cup Creeks, (see P la te  V). F o lia tions in  the e a s t dipping 

f ro n ta l  zone gneiss in  th is  fa u lted  sequent dip 10® lower than the average 

value o f 20-25® and tend to  s tr ik e  northwest ra th e r  than north-south .

This warping o f the  uniform fro n t o f the  range, very evident on the 

generalized  topographic map (P la te  IV ), may r e la te  to  the f a u l t s .

A N 60® E v e r t ic a l  f a u l t  surface on s tr ik e  w ith  an in fe rred  f a u l t  

along Como Lake i s  exposed in  a road cut near Como (NE quarte r, Sec. 15, 

T4N-R21W). V e rtica l slickensides superimposed on ho rizon ta l slickensides 

imply d ip -s lip  following s t r ik e - s l ip  displacem ents. The fa u lt  cu ts Eocene 

banded rh y o lite  ind icating  post 45 ny. ages fo r both  movements. R elative
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senses fo r  s t r ik e - s l ip  and d ip -s lip  displacements a t  th is  outcrop are not 

apparent. However, r ig h t - s l ip  movement i s  ind ica ted  by the separation  o f 

th e  b recc ia  a t  the  range fro n t.

N ortheast trending  l in e a r  streams and g u llie s  have eroded in to  the 

cutwash and t i l l  mantled pediment surfaces in  the  v a lle y  here . Hoffman 
(1980) no ted  seeps along severa l no rtheast pho to -linears in  th is  area. He 

in te rp re te d  th a t  groundwater i s  being inpounded by l in e a r  ridges in  

bedrock buried  beneath T ertia ry  and Quaternary alluvium. I  suggest th a t 

the ridges may be fa u l ts  o r Eocene dikes s im ila r to  those nearby on the 

e a s t  side o f the r iv e r  (Clark, 1979) which appear to  be f a u l t  con tro lled .

Immediately to  the southeast in  the  Sapphire Mountains, interbedded 

tu f f s  and rhyodacite fl< ^s s tr ik e  N 65^ and dip 35^ SE. They are cut by 

severa l N50°-60°E fa u l ts  th a t  dip 60° o r more to  the no rth . The northwest 

sides are  downthrown. I  suggest th a t since the Eocene, norm al-slip  

movement northwest side down, has followed r ig h t- s l ip  movement cn th is  

broad zone o f n o rth east trending f a u l ts .

There a re  no obvious lineaments th a t  cocp letely  traverse  the Sapphire 

Mountains. However, the ro se  diagram o f pho to -linears in  Figure 8 

demonstrates the  prominence o f n o rth east trending pho to -linears th ro u ^ o u t 

th e  range. L inear Eocene dikes in  the  range trend  N60°E, N30°E, and 

no rth -sou th  (Clark, 1979, Winegar, 1975). Langton (1935) noted th a t the 

lo ca tio n  of these dikes was strongly  con tro lled  by fau ltin g . He c ite d  

evidence fo r  displacements preceding and following dike enplacement. 

Further along the lineament to  the n o rth east Winegar (1975) mapped several 

n o rth ea s t trending near v e r t ic a l  fa u lts  in  B elt form ations. Thccpsai
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Figure 8. Frequency rose  diagram fo r  pho to -linears in  the  southern p a r t  

of the  Sapphire Mountains; based on 259 pho to -linears p lo tte d  in  10^ 

azimuth segnents fo r the  shaded area  on the index map.
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(1978) a lso  mapped a N45°E r ig h t- s l ip  f a u l t  near Burnt Fork Creek on the 

n o rth  edge o f the zone.

McMurtry, e t  a l . , (1972) a ttr ib u te d  t i l t e d  s i l ts to n e s  and ashbeds 

n ear Skalkaho Creek to  s lm p ing . These sediments are  more l ik e ly  t i l t e d  

by fa u ltin g  along a N30^-40^ no rm al-slip  f a u l t  separating  them from 

Cretaceous g ra n ite  to  the  sou theast, as shewn in  Figure 9. The beds dip 

32° to  the  northw est and s t r ik e  N35°E. Northwest o f the  main f a u l t  

several minor N35°E f a u l ts  dipping 60° southeast d isplace the beds 

e a s ts id e  down defin ing  a  small g rav ity  graben. L a tes t movement probably 

occurred in  la te  T ertia ry  time, as there  i s  no evidence o f a scarp in  the 

pediment surface above the  exposure. The f a u l t  can be traced  along lin e a r  

g u llie s  as shown in  Figure 9. I t  then continues to  the n o rth east along 

the break in  slope between the  fo o th il ls  o f the  Sapphire Mountains and 

te rraces  o f the  v a lley . The northwest trending fa u l ts ,  4-6 kms southwest 

o f Skalkaho Creek mapped by Clark (1979) cannot be traced  in to  the v a lley  

and may be o f fs e t  by the  n o rth east trending f a u l t .  The northwest trending 

fa u l t  l in e s  tp  w ith  an in fe rred  r i ^ t - s l i p  f a u l t  d isp lacing  the fro n ta l 

zone gneiss as nuch as two kilom eters a t  the mouth o f Lost Horse Creek in  

the  southeast com er o f  Figure 9.

Several o th er n o rth ea s t trending lineaments cross the  B itte rro o t 

V alley near Hamilton as shown in  Figure 6 (p. 15). The lineanents follow  

aligned  te rra c e  ends, bands o f  dark surface tones across lew te rra c e s , and 

l in e a r  g u llie s . Southeast o f these  the  higji te rraces  on e i th e r  side of 

the  v a lle y  co n sis t o f c ry s ta l lin e  bedrock mantled w ith outwash and t i l l .  

Northwest o f  the lineaments on the west side  o f the v a lley  such bedrock i s  

conspicuously absent. These may be o ther norm al-slip  fa u lts  d isp lacing
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trending main fa u l t  w ith i t s  a n t i th e t ic  f a u l ts .
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the  northw est sides dom. F au lts  w ith  normal displacements north  side 

dcwn trav e rsin g  the  B itte rro o t Range should have re su lte d  in  apparent l e f t  

separa tions o f th e  east-d ipp ing  range fro n t. H iis  con trad ic ts the 

r ig jh t-s lip  in d ica ted  th ere  and suggests th a t  s ig n if ic a n t normal 

displacem ents d id  no t occur w est o f the  B itte rro o t V alley. In  th is  model 

the  southwest com er o f  th e  v a lle y  has dropped along no rtheast trending 

norm al-slip  f a u l ts  on the southeast side  and north -sou th  trending 

norm al-slip  f a u l ts  on the  w est side.

The Tin Ctç> lineament appears to  be a broad in d is t in c t  zone of fa u lts  

trav e rsin g  the  region. I t  d isp lays a conplex post-Eocene h is to ry  of 

recu rren t movement th a t  includes both r ig jh t-s lip  and norm al-slip  

displacem ents. Displacements on ind iv idual fa u lts  may be so small to have 

been overlooked in  p a s t mapping, but together the to ta l  displacement may 

be s ig n if ic a n t.

A p ro jec tio n  o f the Tin Cup lineament to  the southwest would connect 

w ith  the Bargamine Creek shear zone (Greerwood and Morrison, 1973). This 

f a u l t  i s  one o f many n o rth east trending fa u l ts  crossing the Idaho 

b a th o lith  (Figure 10). Many o f the  fa u lts  have h is to r ie s  o f recurren t 

movement th a t include s t r ik e - s l ip  displacements of Eocene plutons and 

la t e r  d ip -s lip  displacem ents o f Quaternary landforms (Anderson, 1948; 

Kuhns, 1980; and Luthy, 1981). Anderson, (1948) c ite s  w est-no rthw st 

tension  veins along a n o rth east shear in  the southern A tlanta lobe of the 

b a th o lith  as evidence o f r i ^ t - s l i p  displacement ^diile Pevear (1964) c ite s  

evidence based cn the o rien ta tio n  o f tension  frac tu re s  in  the northern 

B itte r ro o t Range fo r  l e f t - s l ip  displacem ents. Kuhns (1980) believes th a t 

n o rth east fa u lts  along the  Lochsa River in  the northern  B itte rro o t lobe of
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the b a th o lith  are  l e f t - s l ip .  As already poin ted  out, apparent T ertia ry  

separa tion  along no rth  trending  f a u l ts  crossing the  f ro n t o f the 

B itte r ro o t Range i s  r ig h t- s l ip .  These con trad ic to ry  in te rp re ta tio n s  may 

r e f l e c t  a complex tec to n ic  h is to ry .

P la te  IV shows the  influence o f th is  trend  o f frac tu rin g  and fau ltin g  

on reg iona l erosion  p a tte rn s . The west fro n t o f  the Sapphire Range 

follcw s a s e r ie s  o f n o rth east trending steps in  the o v e ra ll north-south  

trend  o f the  v a lley  and range. The subsurface topography o f  the bedrock 

beneath the  v a lle y  (Lankston, 1975) repeats th is  p a tte rn  to  a  c e r ta in  

ex ten t. There i s  a general topographic high o f l in e a r  no rtheast trend  

passing  through the southern B itte rro o t dome and Sapphire block from 

Trapper Peak in  the southwest to  the  Anaconda Range on the no rtheast.

O 'N eill, e t  a l . , (1982) discussed a  broad zone of no rtheast trending 

fa u l ts  inm ediately southeast o f the B itte rro o t V alley and Tin Cip 

lineament (also  on Figure 10). I t  roughly corresponds w ith the 

topographic high described above. They c i te  a  complex h is to ry  of 

recu rren t movements along these f a u l t s . N ortheast trending norm al-slip  

fa u l ts  in  moraines along the southeast side o f the  Anaconda Range a t t e s t  

to  very  recen t a c t iv i ty .  The zone lin e s  up w ith  no rtheast trending 

magnetic anomalies in  n o r th -c e n tra l Montana (Z ie tz , 1980). These 

anomalies may rep resen t a  fundamental s tru c tu ra l  fa b ric  in  the Precanbrian 

basement. Hyndman, e t  a l . , (1977) be lieve  th a t weak zones in  th is  fab ric  

may have con tro lled  the  enplacement o f  the  45 my. o ld  s i l i c i c  dikes th a t 

trav e rse  the region known as the  Anaconda dike swarm.
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Figure 10. Regional map o f n o rth east and northwest trending s tru c tu ra l

fea tu res  w ith the B itte rro o t Valley shown by s tip p lin g , from Pardee, 1950; 

Smith, 1965; Yates, 1968; Idaho Bur. o f Mines and G eol., 1975; Armstrong, 

1975; Lopez, 1981; Ruppel, e t  a l . , 1981.
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Northwest Lineaments

As previously  shown in  Figure 6 (P. 15), a  s e t  o f no rtW est trending 

lineam ents and pho to -linears trav e rses  the west side  o f the  B itte rro o t 

V alley . Hie c e n tra l p a r t  o f  the b asin  beneath these  lineaments has a 

s im ila r northw est trend  (P la te  IV). The very l in e a r  n o rth east side o f  

th is  inner basin  slopes up to  40^ to  the southwest and strong ly  suggests 

f a u l t  con tro l. Fau lting  or frac tu rin g  in  the B itte rro o t Range along 

s im ila r trends i s  ind icated  by die s t r a iÿ i t  course of the North Fork of 

Bear Creek.

The rose diagram in  Figure 1^ demonstrates s im ila r northwest trends 

o f pho to -linea rs in  the T e rtia ry  sediments beneath pediments on the e a s t 

s ide . Most o f  these are  deeply inc ised  g u llie s  oblique ra th e r  than 

p a ra l le l  to  the g en tle  west dip o f the pediment surfaces in to  which they 

a re  cut and suggests very strong frac tu re  contro l on stream erosion. Two 

o f the northwest trending lineam ents extend in to  the Sapphire Mountains 

(Figure 12) and correspond c lose ly  to  Late Laramide high angle fa u lts  

o f fs e tt in g  Belt u n its  mapped by Langton (1935). The h i ^  frequency o f 

northw est trending lineaments in  the  T ertia ry  sediments ind ica tes th a t 

many o ther fa u lts  may e x is t  w ith  s im ila r trends to  those mapped by Langton 

(1935) th a t  have experienced some movement since Oligocene time.

To the south a v e r t ic a l  f a u l t  surface s tr ik in g  N 55^ w ith  horizon tal 

s lickensides i s  exposed in  the Eocene volcanics near Darby in  Section 15, 

T4N-R21W. This demonstrates post-Eocene s t r ik e - s l ip  movement along a 

f a u l t  having a trend  close  to  th a t  o f the  prominent s e t  o f pho to -linears 

to  the no rth .
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Figure 11. Frequency rose  diagram fo r  pho to -linears in  the  T e rtia ry  

sediments beneath pediment surfaces on the e a s t  side o f  the  B itte rro o t 

V alley; based cn 254 lin e a rs  p lo tte d  in  10° azimuth segments fo r  the 

shaded areas on the  index map.
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F igu re  12. Pho to -l in e a r  s , lin eam en ts , and f a u l t s  on th e  e a s t  s id e  o f  th e  

v a lle y ;  1:125,000 b la c k  and w h ite  p r i n t  o f  NASA U-2 f a l s e  c o lo r  in f r a - r e d  

a e r i a l  photographs. Arrows p o in t to  p h o to - lin e a rs , d o tte d  l in e s  a re  

approxim ate lo c a tio n s  o f  f a u l t s  a s  mapped by Langton, and s o l id  l in e s  a re  

f a u l t s  id e n t i f i e d  in  t h i s  study; T*s in d ic a te  up thrown s id e s  o f  re v e rse  

f a u l t s .



30

The lineaments w ith in  the  v a lley  trend  from N 20^ to  N50^. As shown 

in  Figure 10 (p. 26), th is  trend  d if fe r s  from th a t  o f the long recognized 

Montana lineam ent, n o rth  o f the  v a lley  (Smith, 1965; Vfeiànan, 1965). 

S im ilar trends to  those in  the  B itte r ro o t V alley are noted fo r mountain 

ranges 100 kilom eters south in  e a s t-c e n tra l  Idaho. Ruppel (1980) believes 

those were t p l i f t e d  in  Miocene time along reverse  f a u l ts  o f  possib le 

Precanibrian o rig in . Several f a u l ts  w ith  N 40^ to  N 55^ trends traverse  

the  D illon block southeast o f the  area. Schmidt and Hendrix (1981) and 

Garihan, e t  a l .  (1982) c i te  strong evidence fo r recu rren t movement on 

these  f a u l ts  beginning in  P roterozoic time. Some of the  fa u l ts  strike  

d ire c tly  towards the  B itte rro o t area; as an example, i t  i s  tempting to 

p ro je c t the Spanish Peaks-Bismarck f a u l t  towards the no rth  end o f the 

v a lley . The McCartney fa u l t ,  i f  extended, passes through the Anaconda 

Range in to  the  Sapphire Mountains ^diere i t  lin e s  w ith the Gold Creek 

fa u lt .

S pecific  p ro jec tions such as these  are tenuous because o f 1) the 

u n certa in ty  o f age re la tio n sh ip s  of these fa u l ts ,  2) the likelihood  of 

eastward d irec ted  tec to n ic  tran sp o rt o f the  rocks in  vhich the fa u lts  are 

found (Ruppel, e t  a l . , 1981), and 3) subsequent T e rtia ry  east-w est 

extension o f the  area (Reynolds, 1979). N evertheless, the s im ila r ity  of 

the f a u l t  trends in  these  two areas strong ly  suggests a genetic  

re la tio n sh ip .

The northwest trend  appears to  be the  dominant s tru c tu ra l g ra in  west 

o f  the  v a lley . The trans-Idaho d isco n tin u ity  (Yates, 1968) and the Salmon 

River Arch (Armstrong, 1975) are prominent hypo thetica l s tru c tu ra l 

fea tu res  w ith th is  trend. The B itte rro o t lobe o f the Idaho b a th o lith  

in truded  a fo ld  b e l t  o f s im ila r northwest trend  no rth  o f the Salmon River
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Arch (W illiams, 1977). S tru c tu ra lly  co n tro lled  e a rly  Cenozoic dikes and 

hypabyssal in tru s io n s  throughout the  B itte rro o t lobe follow  th is  trend 

(Williams, 1977; Reid, e t  a l . , 1979). Kuhns (1980) c i te s  evidence fo r  as 

recen t as T e rtia ry  r i ^ t - s l i p  movements on severa l noithw est trending 

fa u l ts  In  th is  area.

The Nine Mile Creek fa u l t  no rth  o f Missoula s tr ik e s  N55°W and has had 

Quaternary age displacements (Pardee, 1950 and Witkind, 1975). Winston 

(o ra l coomunications, 1982) believes th a t since th is  f a u l t  appears to  be 

l i s t r i c  normal, as mapped by McMurtry, e t  a l .  (1965), i t  may follow a 

n o rth ea s t verging Laramide th ru s t f a u l t  un re la ted  to  basement s tru c tu re s . 

On the  o ther hand, Williams (1982) believes th a t r ig h t- s l ip  displacements 

have occurred along the Nine Mile f a u l t  in  the middle o r la te  T ertia ry  and 

doubts th a t  the f a u l t  i s  l i s t r i c .  I t  appears to  me th a t th is  fa u lt  i s  ye t 

another o f a reg ional s e t  o f northwest trending fa u lts  th a t could be 

basement con tro lled .

P ersistence  o f N ortheast and Northwest Trending Lineaments

The north-south  trend  o f the  B itte rro o t Valley i s  f a i r ly  unique, 

w hile n o rth east and northw est s tru c tu ra l trends are  coomon to  other major

basins in  southwest Montana (Thompson, e t  a l . , 1981; Kuenzi and F ie lds, 

1971). S im ilar s tru c tu ra l  trends have been recognized throughout the 

C ord ille ran  Foreland (Thomas, 1971; Stone, 1969) in  Montana and Vtycming. 

These may be re la te d  to  zones o f weakness in  the c ru s t th a t have been 

rec u rren tly  ac tiv e  since Precanbrian time. However, the same lineament 

trends seem to  extend in to  the  Idaho B atho lith  west o f the  v a lley . 

Presumably, in tensive  deformation from reg ional metamorphism and
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development o f the b a th o lith  might have healed o r overprin ted  any 

Precanibrian fra c tu re  systems in  the  basement. Therefore, e ith e r  th is  

s t ru c tu ra l  fa b ric  i s  a  r e s u l t  o f  Cenozoic tectonism  o r  the ancient 

f ra c tu re  systems have no t healed.

McConnell (1974) d iscusses a  remarkably s im ila r orthogonal s e t  o f 

l in e aments on the A frican craton th a t  he suggests may go back to  Archean 

r i f t  d is lo ca tio n s . The lineam ents have been zones o f recu rren t r i f t in g ,  

magmatism, and wrench fa u ltin g . McConnell po in ts out th a t  these 

lineaments o ften  cross younger orogenic b e lts  and suggests th a t they 

rep resen t weaknesses th a t extend deep in to  the lithosphere  and do not 

heal.

North-South Lineaments

A th ird  s e t  o f lineam ents, prominent along the c re s t  o f the 

B itte r ro o t Range, tnrends nearly  north-sou th . Beaty (1962) recognized a 

prominent se t o f jo in ts  trav e rsin g  the range w ith  th is  trend. My photo 

reconnaissance and subsequent f ie ld  checks confirmed th is .

McMurtry, e t  a l .  (1972) no ticed  the north-south  l in e a r  course of the 

B itte rro o t River south o f Hamilton and in fe rred  th is  to  follow a 

norm al-slip  f a u l t  o f fs e tt in g  the  Eocene volcanics a t  Darby w ith the west 

s ide  down (Figure 3, P. 6). On the  e a s t side  o f the v a lley  ntmerous 

l in e a r  no rth -sou th  g u llie s  entrenched in to  the fo o th il ls  o f the Sapphire 

Mountains may be a  continuation o f  a system o f north-south  trending 

no rm al-slip  fa u lts  mapped by Clark (1979) (see P la te  V). A small 

no rth -trend ing  l in e a r  o u t l ie r  o f T e rtia ry  sediments e a s t of Chaffin Buttes 

possib ly  defines a small graben. North o f th is  a depression in  the 

subsurface bedrock topography (Lankston, 1975) a t  Burnt Fork Creek (P late
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IV) appears to  be a s im ila r s tru c tu re . Both areas a re  bound by lin e a r , 

n o rth  trending  g u llie s  th a t  may rep resen t the  traces  o f normal fa u l ts .  

D etailed  m ^ in g  in  the area  should v e r ify  th is .

This trend  a lso  appears to  be p a r t  o f  a  reg ional system o f fa u lts  

shown in  Figure 13. For e a s t-c e n tra l  Idaho, Ruppel (1964; o ra l 

ccnnm ications, 1982) described numerous north -sou th  trending r i ^ t - s l i p  

f a u l ts  vdiidi he proposed m i^ t  extend no rth  in to  the  B itte rro o t Valley. 

These probably date to  Pliocene and P leistocene times as they d isloca ted  

e a r l ie r  Miocene aged northwest trending t p l i f t s .  Quaternary aged s tr ik e  

s l ip  o f fs e ts  a re  no t apparent th is  f a r  no rth  on north-south  trending 

fa u l ts ,  a l th o u ^  h o rizo n ta l s lickensides on a north-south  trending fa u lt  

surface in  the Eocene rhyodacite flcMS near Darby ind ica te  th a t some 

s t r ik e - s l ip  fa u ltin g  has occurred since Eocene time.

The same lineament system could be extended north  to  include portions 

o f the Jocko and Mission fa u l ts .  Hcwever, there  are no mapped fa u lts  th a t 

connect w ith these (Witkind, 1975). In  addition , the Lewis and Clark l in e  

separates the northern  fa u lts  from those in  the B itte rro o t Valley, 

suggesting th a t a  d ire c t  connection between them is  not v a lid . This 

fea tu re  i s  hypothesized as a  major transform  type in tra p la te  boundary th a t 

underwent l e f t - s l i p  movement during Laranide compression (Smith, 1965; 

Weidman, 1965) and r i ^ t - s l i p  movement during Cenozoic extension 

(Reynolds, 1979; Smith, 1978).

East-W est Lineaments

As already noted, most o f the exceptionally  s tra ig h t  canyons in  the 

B itte r ro o t Range trend east-w est (P la te  I I I ) . Numerous photo - l in e a r  s cn
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Figure 13. Regional map o f north-south  and east-w est trending s tru c tu ra l 

fea tu res  w ith  the B itte rro o t Valley shown by s tip p lin g , from Lopez, 1981; 

Pardee, 1950; and Winston, o ra l com unications, 1982.
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the  r id g es between severa l canyons appear to  be fra c tu re s . Beaty (1962) 

recognized th a t  drainage o r ien ta tio n s  in  the  B itte rro o t Range were 

s tro n g ly  co n tro lled  by bo th  north -sou th  and east-w est jo in t  se ts  developed 

in  th e  c ry s ta l l in e  rocks. He a lso  suggested th a t  the  streams in i t ia te d  as 

consequent streams on the  dip slope o f  the  gneiss on the  B itte rro o t dome.

There i s  no apparent o f f s e t  o f  the  range f ro n t a t  any of the  mouths 

o f  the  l in e a r  east-w est trending  canycns. Displacements are found only 

along the  n o rth east trending lineaments already described and a t  the mouth 

o f  Sweathouse Canyon, which has a  N65% ra th e r  than east-w est l in e a r  

trend . At the  mouth o f Sweathouse Canyon the range fro n t b reccia  ju ts  out 

on the  south side  o f  the  creek. This apparent separation  could be t1:6 

r e s u l t  o f  approximately 150 m eters of l e f t - s l i p  o r 150 meters o f d ip -s lip  

movement w ith  the  no rth  side  down.

Willow Creek, entrenched in to  the Cretaceous WLllcw Creek Stock, i s  

the only major drainage in  the  Sapphire Range following a l in e a r  east-w est 

trend . Also, fo r  the  most p a r t ,  o ther le s se r  drainages w ith l in e a r  

east-w est trends seem to  be confined to  c ry s ta llin e  rock. These 

observations suggest th a t  east-w est frac tu re s  a re  b e s t developed only in  

the c ry s ta l l in e  rocks and do no t rep resen t through-gping fa u lts .

Winston (o ra l communication, 1982) proposed th a t east-w est trending 

block fa u l ts  co n tro lled  Precanibrian B elt sedimentation. He suggested th a t 

d iffe rences in  th ickness o f sedimentary u n its  between blocks bounded by 

th ese  f a u l ts  have profoundly influenced la te r  tectonism , p a r tic u la r ly  

during Laramide th ru s tin g . The B itte rro o t Valley l i e s  w ith in  the  Deer 

Lodge block bound to  the n o rth  by the  Greenhorn l in e  and to  the south by 

the Perry  l in e  (Figure 13). I  doubt th a t  the  east-w est trending
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lineam ents in  the  B itte rro o t area  are  re la te d  to  the block fa u lts  

described by Winston. The lineaments seem to  express jo in ts  th a t are 

p o ss ib ly  re la te d  to  l a t e r  tectonism , such as d e ta d n e n t o f  the Sapphire 

b lock, r i s e  o f the  B itte r ro o t dome (Hyndman, 1980) o r  perhaps to  the broad 

east-v jest trending  fo ld ing  in  the  Sapphire Mountains described by Presley 

(1970) andLaTour (1974).
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CHAPTER IV 

FAULTED TOPOGRAPHY

Cano Scarp

The Como scarp, shcxm in  Figure 14a, runs nort±i-south fo r about seven 

kilom eters between Como Lake and Tin Cup Creek. I t  d isplaces d e ^ ly  

weathered t i l l  th a t  r e s t s  on an ir re g u la r  erosional surface. The t a l l e s t  

scarp has a  h e i ^ t  o f 70 m eters and an east-d ipp ing  slope o f approximately 

30® where i t  cu ts t i l l  mapped by Weber (1972) as pre-B ull Lake in  age. I t  

appears th a t the t i l l  has slumped along the f a u l t  forming a graben-like 

d ^ re s s io n  shown in  Figure 14b. With th is  in  mind, I  estim ate an actual 

displacement o f about 40 m eters. To the no rth  the h e i ^ t  i s  only seven 

m eters in  Bull Lake t i l l  (Weber, 1972). Further north  the fa u lt  i s  e ith e r  

buried  o r unrecognizable in  Pinedale t i l l  deposits along Como Lake. I t  

may appear again in  p re-B u ll Lake t i l l  no rth  o f Lick Creek, but beyond 

th a t  i t  cannot be traced . South o f  Tin Cup Creek a scarp trends southeast 

and probably i s  a  continuation  o f the  Como scarp. This f a u l t ,  vdiich 

Witkind (1975) in d ica te s  has been recu rren tly  ac tive  since Miocene time, 

appears to  o f f s e t  a  Pliocene pediment surface.

Two periods o f displacement are  in ferred ,w ith  the  f i r s t  33 meters o f 

o f f s e t  between pre-B ull lake  and Bull Lake g lac ia tio n s , o r sometime before 

160,000 years ago (Roy and H all, 1981). An add itiona l displacement of 

seven m eters occurred between Bull Lake and Pinedale g lac ia tions or
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sometime be Ween 135,000 and 45,000 years ago (Roy and H all, 1981). There 

has been no s ig n if ic a n t displacement since Pinedale g lac ia tio n .

Bear Creek Scarp

The Bear Creek scarp (Figure 15a) i s  located  about 2.5 kilom eters 

bel(M the  mouth o f  Bear Creek Canyon in  a low te rra ce  representing  the 

su rface  o f  an ouWash fan  which Weber (1972) a t t r ib u te s  to  Bull Lake 

g lac ia tio n . The slopes and s o ils  (USDA, 1959) on the surfaces on e ith e r  

side o f the scarp are s im ila r ind ica ting  an o rig in a l continu ity  of the fan 

surface. The scarp h e i ^ t  i s  approximately seven m eters and from i t  issue  

a nunber o f  groundwater seeps th a t  support th ick  groves o f aspen and 

w illcw s. Southward i t  follow s the toe o f a high bench, which i s  

presunably a rennant o f a Pliocene pediment surface. A small landslide  

has occurred along the edge of th is  bench ju s t  below the scarp which may 

in d ica te  groundwater d isrup tions along the f a u l t  th a t cause slope 

in s ta b i l i ty  (Hoffman, 1980). Three kilom eters fu rth e r to  the south, the 

scarp can no longer be traced  across Dutch H ill;  here i t  e ith e r  d ies out 

or changes trend to follow  a gu lly  vhere i t  i s  unrecognizable as a scarp.

A northw est trending dark band crosses a f i e ld  in  the cen ter of Dutch H ill  

and may be the  tra c e  o f a  cross f a u lt  oblique to  the Bear Creek scarp. 

Topographic eaqpression o f  th is  pho to -linear seen in  the in fra red  a i r  

photos i s  no t evident.

The scarp i s  harder to  follow  no rth  o f  Bear Creek and may have been 

m odified by erosion. In  the  outwash fan i t  d isp laces coarse-grained 

a llu v iu n  containing abundant small boulders, ^ i l e  inm ediately north  of 

Bear Creek the scarp i s  not obvious. The alluvium here i s  composed of 

fin e r-g ra in ed  sands and gravels and was mapped by McMurtry, e t  a l . , (1972)
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as high te rra c e  a lluv iun . The e levation  o f the Bear Creek scarp i s  3700' 

(1110 m eters) above sea lev e l, vMch i s  the same as one o f the shorelines 

o f Lake M issoula o u tlin ed  by Weber (1972). I t  i s  conceivable th a t 

shore line  erosion  m ^  have beveled the  scarp where i t  d isplaced 

f in e r-g ra in e d , le s s  r e s is ta n t  higfi te rrace  a lluv iun  bu t had le s s  e ffe c t on 

the  coarser-g rained  m ateria l. The f a u l t  may a lso  tu rn  abruptly  northwest 

along the  toe o f a h i ^  bench vhere i t  i s  not obvious as a scarp. On the 

o th er hand, i t  may follow  one o f the northeast-trend ing  l in e a r  g u llie s  in  

Dineen H ill. D etailed  mapping of these  surfaces and trenching along the 

scarp and areas in  question may help resolve th is  mystery.

McMurtry, e t  a l . , (1972) mapped the  surfaces o f Dineen H ill  and two

te rra c e  reonants iso la te d  in  the  middle o f the Bear Creek I w  te rrace  

outwash fan downstream from the scarp as h i ^  te rrace  alluvium. These 

surfaces may be remnants o f  a  p re-B ull Lake ouWash fan (Weber, 1972). 

t  ' I The two small te rra ce  remnants and the southeastern portion  o f Dineen H ill

have lower slopes than the  lew te rrace  which appears to  bury th e ir  upper

,, I reaches. The surfaces o f h i ^  and low te rra ce s  in  o ther areas o f the

v a lley  generally  have s im ila r slopes. This anomalous re la tio n sh ip  a t  Bear

Creek suggests th a t  the  h igh  te rra c e  below the Bear Creek scarp ro ta te d  

w est side  down about 1^ p r io r  to  the  deposition o f  low te rrace  outwash. I f  

th is  i s  v a lid , then the Bear Creek f a u l t  i s  l i s t r i c  normal.

West o f the  f a u l t  a te rra c e  s i t s  50 meters higher than the  Dineen

H il l  te rra ce . These two surfaces may have been the sane, y - ■ r . - v

I f  they are , then a p ro jec tio n  o f the  buried h iÿ i  te rrace  beneath the Bear 

Creek fan , as sham, in  Figure 15b, in d ica tes  a displacement o f about 80 

m eters. About 73 meters o f th is  displacement must have occurred before or

V-i
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during e a rly  Bull Lake tim e, o r sometime before about 160,000 years ago 

(Roy and H all, 1981) to  be buried  by the  younger alluviim . Seven 

ad d itio n a l m eters o f  displacement occurred a f te r  Bull Lake tim e, 135,000 

years ago, and possib ly  before the  l a s t  stand o f the g la c ia l  lake 

sho re line  a t  th is  e leva tion  about 12,000 years ago (Weber, 1972). Hence, 

as VTith the  Como scarp , a t  le a s t  two periods o f displacement may be 

ind icated .

I f  my displacement estim ations o f about 80 to  90 meters fo r the Bear 

Creek f a u l t  and 40 m eters fo r  the Como fa u lt  are  v a lid , then more 

displacement has occurred a t  the former than the la te r .  This supports 

C a r t ie r 's  hypothesis (1982) th a t  the middle segnent o f the va lley  has been 

dropped r e la t iv e  to  the south end.

Dineen H ill  has an apparent e a s t to  southeast slope while drainages 

in c ised  in to  the te rra ce  flow N60°E, oblique to  the slope o f th is  h i ^  

te r ra c e  surface. This unusual drainage p a tte rn  suggests th a t the surface 

may have been t i l t e d  to  the southeast. However, th is  surface may be so 

deeply d issec ted  th a t the o rig in a l surface i s  no longer preserved. The 

drainages may a lso  be f a u l t  con tro lled . Again, more work i s  needed to 

p roperly  id e n tify  and c o rre la te  these su rfaces.

A road cu t about two kilom eters no rth  o f Dineen H ill exposes s i l t s ,  

c lays, and gravels th a t  may be T ertia ry  in  age. The beds s tr ik e  H65^E and 

dip 35^SE. Note th a t  the s tr ik e  i s  n early  p a ra l le l  to  th a t o f the g u llie s  

in  Dineen H ill . These t i l t e d  s t r a ta  a re  a t  the northwest end o f the 

deepest p a r t  o f the basin , as shown on P la te  IV. I  propose th a t no rtheast 

trending  hinge fa u lts  in te rse c tin g  the Bear Creek fa u lt  t i l t  basin  f i l l
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to  the southeast as i l lu s t r a te d  in  Figure 16. >bst o f th is  movement 

probably occurred in  th e  l a t e  T e rtia ry  p r io r  to the  development o f  the 

Dineen H ill  surface.
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Figure 16. Block diagram o f Bear Creek fa u l t  depicting ro ta tio n  o f Dineen 
H ill ,  viewed from the southeast.
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CHAPTER IV  

STRUCTURAL EVOIUnCN OF THE VALLEY

T ertia ry  Tectonics

The uniform e a s t dipping f ro n ta l  zone gneiss underlying the 

inp ressive  face o f the B itte rro o t Range, and the B itte rro o t done to  the 

w est, a re  the dominant s tru c tu ra l  fea tu res  o f the area (Hyndnan, 1980; 

Chase, 1977). Along the southern 70 kilom eters o f the range fro n t the 

gneiss deforms Late Cretaceous mesozonal g ra n itic

p lu tons. The northern  35 kilom eters o f gneiss deform high grade 

metamorphosed equivalents o f B elt sediments and pre-B elt basement.

Lankston (1975) c i te s  seism ic evidence th a t the  dip o f the 2 - 2 . 5  

kilom eters th ick  zone f la t te n s  from an average o f  20^ along the range 

fro n t to  15° beneath the  v a lle y . îfyndman and Chase (1979) ind ica te  th a t i t  

may f l a t te n  out approximately 12 kilom eters beneath the S^jphire 

Mountains.

Ryndman and Talbot (1975) proposed th a t  the  f ro n ta l  zone i s  a 

detachment zone along which the  Sapphire tec to n ic  block s l id  eastward as 

much as 65 kilom eters (Hyndnan, 1980). They in fe rred  the time o f th is  

event a t  between 70 and 80 ny. ago from age constra in ts  fo r  movement along 

th ru s t  fa u lts  defining the  easte rn  edge o f  the  Sapphire blook. The 

B itte rro o t dome subsequently rose  in  i s o s ta t ic  response to  the removal of 

as much as 17 kilom eters of overlying P ro terozoic through Mesozoic 

sediments (Hyndman, 1980).
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Armstrong (1978) suggested  th a t  e x te n s io n a l tec ton ism  acooirpanied by 

in c re a se d  therm al a c t iv i ty ,  which g en era ted  th e  Eocene C h a llis  

c a lc -a lk a l in e  volcanism  45 to  50 my. ago, may have tr ig g e re d  th e  buoyant 

r i s e  o f  th e  B i t te r ro o t  dome. The hydro therm ally  a l te r e d  f ro n t  range 

b re c c ia  may have been formed during  t h i s  ep isode in  th e  r i s e  o f th e  dome. 

Movement a long  the  en  echelon  f a u l t s  th a t  bo rder th e  n o rth e rn  30 

k ilo m e te rs  o f  th e  range f ro n t  may have occurred  s h o r t ly  a f t e r  th e  

fo rm ation  o f  th e  b re c c ia , v h ich  th ey  appear to  d isp lac e .

Time re la t io n s h ip s  between f a u l t in g  along th e  n o r th e a s t , no rthw est, 

and n o rth -so u th  f a u l t s  and w ith  o th e r  re g io n a l te c to n ic  even ts need 

fu r th e r  re s o lu tio n . Lang ton  (1935) p o in ts  o u t th a t  f a u l t in g  accompanied 

th e  Darby v o lca n ic  even t a s  hypabyssal d ikes a re  s tro n g ly  c o n tro lle d  by 

n o r th e a s t  and n o rth -so u th  f a u l t s .  Ifo riz o n ta l s lic k e n s id e s  on f a u l t  

exposures in  v o lc a n ic  ro ck s dem onstate t h a t  s t r i k e - s l i p  f a u l t in g  along 

th e s e  tre n d s  c le a r ly  fo llow ed th e  45 my. o ld  volcanism . I t  a lso  follow ed 

th e  fo rm ation  o f  th e  range f ro n t  b re c c ia  in  th e  sou thern  v a lle y . In  

a d d itio n , th e re  may be a  component o f  s t r i k e - s l i p  d isp lacem ent on th e  en 

echelon  norm al f a u l t s  a long  th e  B i t te r ro o t  Fange f ro n t  d esc rib ed  above.

L ate  Eocene to  Miocene b lo ck  f a u l t in g  acconpanied d ep o sitio n  o f  the  

Renova Form ation throughout southw est Montana (Thompson, e t  a l . , 1981; 

F ie ld s , 1981). The Rénova Form ation e v e n tu a lly  blahketied much o f  th e  a re a  

in  sedim ents r i c h  in  v o lc a n ic  ash . U raniun e x p lo ra tio n  d r i l l  h o les  in  the  

B i t t e r r o o t  b a s in  in te rc e p te d  c o a rse -g ra in ed  e l a s t i c s  a t  depth  th a t  may be 

c o r r e la t iv e  w ith  th e  Renova Form ation (F ie ld s , 1981). The no rthw est 

e lo n g a tio n  o f  th e  deepest p a r t  o f  th e  b a s in  in  t h i s  a re a  (P la te  IV) 

su g g ests  t h a t  f a u l t in g  may have o ccu rred  a t  t h i s  tim e a long  no rthw est 

tre n d s .
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In i t ia t io n  o f  Basin and Range type tectonism  in  southwest Montana 

about 20 my. b .p . (Reynolds, 1979; Thcnpscn, e t  a l . , 1981), i s  marked by 

vigorous block fa u ltin g . The Six Mile Creek Formation was then deposited 

unccmformably on t i l t e d  Renova. Northwest fa u ltin g  may have a lso  accom­

panied th is  phase o f tectonism . U nfortunately, a t  th is  po in t s tru c tu ra l 

and s tra tig ra p h ie  data  on the  Renova and Six Mile Creek Formations in  the 

B itte r ro o t basin  a re  too scarce to  c la r ify  th is  ambiguity.

Quaternary Tectonics

Most seism ic a c t iv i ty  in  western Montana occurs in  the Intermountain 

seism ic b e l t ,  shewn in  Figure 17. This wide zone follows a broad arc  

no rth  from Yellowstone, swinging northwest to  approximately follow the 

Lewis and Clark Line. I t  then continues northwest through the Flathead 

V alley (Smith, 1978; Reynolds, 1979). I t  defines the northern  and easte rn  

lim its  o f Basin and Range type fa u ltin g  in  a region which Smith re fe rred  

to  as the Northern Rocky Mountain sub-plate  o f the North American p la te . 

The sub-p late  i s  bound on the south by the  Snake River P lain . Fault plane 

so lu tions in d ica te  tension  axes o rien ted  north-south  a t  Yellcwstone; the  

axes swing to  northeast-southw est near Helena, and eventually  to  east-w est 

in  th e  Flathead V alley (Stnith, 1978; Reynolds, 1979). Smith (1978) 

a t t r ib u te s  these o r ien ta tio n s  to  west-northwest extension o f  the  Northern 

Rocky Mountain p la te  away from the  Northern American p la te  and north-south  

extension away from the Great Basin sub -p la te , hypothesizing an e as t-v est 

spreading mantle d ia p ir  beneath the  Great Basin coupled w ith re la tiv e  

northw est movement o f the P a c if ic  p la te  as a d riv ing  force.
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Figure 17. Present tec to n ic  se ttin g  o f western Montana. The B itte rro o t 

V alley study area i s  ou tlined  in  west cen ter o f the map. Arrows show 

extension as in te rp re te d  from earthquake fo ca l plane so lu tions. From 

Reynolds (1979), Smith (1978), Witkind (1975), and Pardee (1950).
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In  th is  model, the  Snake River P la in  i s  a n o rth east propagating te a r  

along a basement weakness zone. Reynolds (1979) fu r th e r  reasons th a t  the 

Let(d.s and Clark l in e  ac ts  as a  r ig h t- s l ip  transform  boundary between 

r e la t iv e ly  s tab le  cra ton  to  the  no rth  and a  region  o f basin  p u ll-a p a r t to 

the  south. The Idaho b a th o lith  prestmably a c ts  as a  r ig id  mass th a t marks 

the  western l im it  o f b as in  p u ll-a p a r t;  Andersen (1948) suggested a  s im ila r 

r ig id  ro le  fo r  the  b a th o lith  during Laramide compressional tectonism.

U nfortunately, earthquake fa u l t  plane so lu tions fo r  the B itte rro o t 

Valley region  are lacking; th ere fo re , determ ination o f  tension axes i s  not 

possib le . Hoïæver, as the most recen t fau ltin g  in  the va lley  appears to 

be dominantly on l i s t r i c  normal north-south  fa u lts  along the B itte rro o t 

Range, general east-w est extension i s  ind icated . Lindgren reports th a t 

the Curlew fa u l t  has a shallow dip o f 45^, and i t  seems conceivable th a t 

i f  the  o th ers  have s im ila r d ips, they may f la t te n  and merge a t  depth w ith 

the f ro n ta l  zone g n e is s . Quaternary movements probably have occurred 

elsewhere along the  B itte rro o t range fron t on o ther unrecognized fa u lts ,  

as w ell as on the en echelon fa u lts  along the  northern  p a rt of the range. 

Obvious scarps may be e lu sive  in  the steeper topography of the fo o th il ls  ; 

and o ther scarps in  the v a lley  may have been eroded away beyond 

recognition .

The Curlew, Bear Creek, and Como fa u l ts  do not l in e  up with each 

o th er and may d ie  out in  re la t iv e ly  short d istances. Northwest and 

n o rth e a s t trending fa u l ts  crossing the B itte rro o t Valley ind icate  a 

s tru c tu ra l  fa b ric  th a t  may have a  ccnplex h is to ry . Seme of these may be 

a c tiv e  new as cross fa u l ts  tra n s la tin g  displacements away from the primary 

north -sou th  fa u lts  along the range fro n t as i l lu s t r a te d  in  Figure 18.
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Stickney (1978) rep o rts  evidence th a t Cenozoic fa u ltin g  elsewhere in  

w estern Montana appears to  follow  numerous p re -ex is tin g  stru c tu res  on 

f a u l t  breaks fo r  d istances o f no more than ten  kilom eters producing 

numerous blocks vMch move about re la tiv e  to  each o ther. This may a lso  be 

th e  case fo r  the  B itte r ro o t V alley area.

Seism icity

Two p o rtab le  Sprengpether seismographs w ith  1 Hz geophones and smoked 

drum recorders v^re operated sinultaneously  from August 18 to  30, 1981, 

and from February 26 to  March 2, 1982; a  to ta l  o f 17 days. The 

seismometers were s itu a te d  as near bedrock and as f a r  from vehicular 

t r a f f i c  as poss ib le . P la te  V shews where they were placed. No local 

earthquakes exceeding magnitude zero were recorded during these in te rv a ls .

A tremor was f e l t  in  the  B itte rro o t Valley on February 2, 1936. 

However, th is  tremor ^ s  a lso  repo rted ly  f e l t  a t  Dixon, 80 kilom eters to  

the northw est and a t  P h illip sb u rg , 65 kilom eters to  the e a s t. The 

ep icen ter fo r th is  quake could have been anywhere in  the region and was 

no t n ecessa rily  w ith in  the  B itte rro o t Valley.

The scarp near the Curlew nine described by Lindgren i s  a mystery, as 

there  apparently  was no earthquake acconpanying the appearance of th is  

fea tu re . Wehrehberg (o ra l cctnnunication, 1981) and Qatnar (o ra l 

connunication, 1982) have both conducted new sp^er searches fo r  the time 

p erio d  during which the  scarp supposedly appeared, and there  i s  no report 

o f  any tremor. This lack o f  se ism ic ity  acccnpanying the event supports 

the inference th a t  the scarp was formed by lo c a l slumping.
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\ \ \ \

Figure 18. Block diagram o f the  B itte rro o t Valley, viewed from the 

n o rth east.
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The B itte r ro o t Valley i s  w ith in  the Northern Rocky Mountain sub-plate 

w ell away from the Interm ountain seism ic b e l t  (Figure 17). Lack of 

se ism ic ity  th ere  may sinp ly  in d ica te  long recurrence times fo r  earthquakes 

in  a  f a i r ly  s tab le  region. The most recen t period  o f  movement on the Bear 

Creek scarp may have been betsreen 12,000 and 135,000 years b .p . w ith a 

to ta l  displacement o f about 7 m eters. Swan, e t  a l . , (1980) repo rted  fa u lt  

segments along the  very  ac tiv e  Wasatch fro n t w ith in  the southern 

Intermountiain seism ic b e l t  w ith  recurrence in te rv a ls  and ind iv idual 

displacements o f  1,000 to  4,000 years and two to  four m eters. Coirpared 

w ith  the  B itte r ro o t Valley, the  Wasatch fro n t seems much more active  

te c to n ic a lly  than the B itte rro o t Valley.

The p o s s ib i l i ty  o f aseisndc f a u l t  creep should a lso  be considered. 

Seismic energy re le a se  depends on many fac to rs  including rock competence, 

f lu id  p ressu re  and f a u l t  s ize  (B onilla, 1970; Hobbs, e t  a l . ,  1976). I t  

may be reasonable to  presume th a t tectonism  in  the v a lley  i s  accommodated 

along numerous small aseism ic fra c tu re s . Hot\^ver, the scarps along the 

range fro n t are  la rge  and f a i r ly  d is t in c t  and are probably not caused by 

f a u l t  creep.
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CHAPTER V I

SUM1ARY

The B itte rro o t V alley i s  a t  the  west edge o f a region o f  active  basin and 

range p u ll-a p a r t . Extensional tectonism  in  the v a lley , re la tiv e ly  not 

very ac tive  a t  p resen t, u t i l i z e s  p re -ex is tin g  frac tu re s  which are p a r t  of 

reg ional n o rth east, northw est, and north-south  trending fa u lt  systems th a t 

e x h ib it long h is to r ie s  o f recu rren t a c tiv ity . L is t r ic  normal fa u lts  drop 

and ro ta te  Quaternary surfaces along the west side of the  v a lley . 

N ortheast and possib ly  northwest cross fa u lts  bound the middle portion  of 

the v a lley  which appears to  be dropping re la tiv e  to  the north and south 

segments. In  an a tte n p t to  ad ju s t to  th is  tec ton ic  in s ta b i l i ty ,  the 

B itte r ro o t River responds by depositing i t s  load in  an everchanging 

unstable  braided channel.

This mcxiel i s  very hypo thetica l due to  lack  of many d iscern ib le  

fa u l ts  and a lack  o f f a u l t  plane so lu tions from earthquakes. More work 

needs to  be done to  f in d  out hew extensive Quaternary fau ltin g  in  the 

v a lley  has been. In  p a r t ic u la r , we need to : 1) ta p  the Quaternary

surfaces in  more d e ta il ;  2) t r y  to  understand the T ertia ry  sedimentary 

sec tio n  b e tte r  ; 3) evaluate  the ex ten t wave ac tio n  by Lake Missoula may 

have m odified the a llu v ia l  surfaces, and any f a u l t  scarps crossing them;

4) ccnduct d e ta iled  geophysical surveys w ith in  the basin; and 5) cut
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trenches across several lineaments to  v e rify  whether they are indeed 

fa u l ts .  In  add ition , more d e ta ile d  m ^ i n g  in  the  w estern portion  o f the 

Sapphire Mountains i s  in  order. I  look forward to  continued research by 

o thers in to  th is  canplex problem.
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APPENDIX B

FREQUENCY ROSE DIAGRAMS OF PHOTO-LINEARS 

IN THE BITIERRDOr AREA

Notes :

- Location maps accompany each diagram.

- T otal nunber o f lin e a rs  in  each domain i s  given 

on the  lo^er l e f t  hand com er o f the diagram.

- Diagrams are p lo tte d  in  10^ azimuth segments.
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Domain I .  Northern B itte rro o t Range: complexly folded metasedimentary

rocks; and f ro n ta l  zone gneiss.
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Domain I I .  Middle B itte rro o t Range: Weakly fo lia te d  quartz monzonite and

granod io rite  o f the  Idaho b a th o lith ; and f ro n ta l  zone gneiss.
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Domain I I I  Southern B itte rro o t Range: Vfeakly fo lia te d  quartz monzonite

and g ranod io rite  o f  the  Idaho b a th o lith ; and fro n ta l zone gneiss.
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Domain IV Total B itte rro o t Range: Cccplexly folded metasedimentary

rocks; weakly fo lia te d  quartz monzonite and granodiorite ; and f ro n ta l zone 

gneiss.
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Domain V Northern B itte rro o t V alley: Quaternary alluvium and g la c ia l

deposits; and pediment surfaces.
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Domain VI Southern B itte rro o t V alley: Quaternary a llu v ia l  and g la c ia l

deposits ; and pediment su rfa ce s .
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Domain VII T otal B itte rro o t V alley : Quaternary a llu v ia l and g la c ia l

deposits; and pediment su rfa ce s .
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Domain V III Northern Sapphire Range: T e rtia ry  sediments, Cretaceous

g ra n it ic  rocks, Precambrian Belt sediments.
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Domain IX Middle Sapphire Range: T ertia ry  sediments, Cretaceous g ra n it ic

rocks, Precambrian B elt sediments.
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Domain X Southern Sapphire Range: T e rtia ry  dikes and volcanic rocks,

Cretaceous g ra n it ic  rocks, and metasedimentary rocks.
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Domain XLI Sapphire Range: Late Cretaceous g ra n itic  stocks.
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Domain X III Sapphire Range and B itte rro o t V alley : Poorly consolidated

T ertia ry  sediments.
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APPENDIX C

SPIT LIKE FEAHJRES 

IN H E BITEERHXn: VALLEY

Features a t  the ends o f  many h igh  te rraces  in  the  B itte rro o t Valley 

may owe th e ir  ex istence  to  profound m odification o f the unconsolidated 

a l lu v ia l  deposits by P leistocene Lake Missoula wave ac tion . Figures C-1 

and C- 2 a re  topographic maps o f severa l o f these fe a tu re s . I  am sure many 

more could be id e n tif ie d  throughout the v a lley .

Each o f these  s p i t - l ik e  fea tu res  po in ts  in  a  southerly  d irec tio n  on 

both sides o f the  v a lley . Minor t r ib u ta r ie s  of the B itte rro o t River flew 

to  the south around the noses o f these small h i l l s  before jo in ing  the main 

n o rth  flowing trunk stream. These o rien ta tio n s  may be the r e s u l t  of 

predominantly south-flowing longshore curren ts in  the lake driven by 

n o rth e rly  winds.

Figures C-3 a ,b , and c are  photographs taken in  a gravel quarry a t 

the  end o f Dutch H ill, south arr(xv, F ig C-1 (c ). Sediments are 

w ell-so rted , f in e  to  coarse-grained sands and coarse-grained gravels. 

C lasts are  comprised o f g ran ite , g ran ite  gneiss, calc  s i l ic a te  gneiss, 

q u a rtz ite , and s i l i c i c  volcanic rocks. B itte rro o t Range drainages flow 

th rouÿ i an area  underla in  by g ran ite  and g ran ite  gneiss w hile the 

B itte r ro o t River drains a  large a rea  w ith exposures o f metasedimentary, 

igneous, and volcanic rock ty p es. This suggests th a t th e ir  so iree  i s  both 

outwash from the  B itte rro o t Range drainages, and alluviim  o f the 

B itte rro o t River.
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a) T8N-R20W V ictor 7%° quad.

b) T8N-R21W V ictor Ik quad. c) T6-7N, R21W Hamilton North quad.

Figure C-1. Topographic maps o f s p i t - l ik e  fea tu res (shewn by arrows) on 

the  w est side  o f the B itte rro o t Valley. Reduced x .5  from U.S.G.S. 7% 

minute quadrangles.
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Figure C-2. Topographic map o f  s p i t - l ik e  fea tu res  (shown by arrows) on the  

e a s t  side  o f the B itte rro o t Valley. Reduced X .5 from the S tevensville  

7%̂  U.S.G.S. quadrangle.
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Figure C-3a. Photograph of gravel quarry a t  T6N-R21W, Section 1, looking 

north , shcK«nng the backside o f a s p i t - l ik e  fea tu re  Wiere steep beds dip 

away from the v a lley  cen ter. The so il-covered  surface has the  same dip.

Figure C-3b. Photograph of the same gravel quarry in  C-3a taken near th  

c re s t  of the h i l l  a lso  looking north . Notice coarser-grained^and more 

gen tle  dip tovrards the va lley .
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Beds on the fro n t, o r  v a lley  side, dip about 5^ e a s t and are 

predominantly coarse grained. On the back side p lanar beds o f 

f in e r-g ra in ed  sands dip 10-25° in  opposite d irec tio n  away from the 

v a lley . These dominant bed forms conform to  the  as symétrie transverse  

topographic p ro f i le  shown in  Figure C-4.
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Figure C-3c. Photograph o f the  quarry shown in  Figures C-3a and b taken 

fu r th e r  to  the e a s t  towards the v a lley  cen ter.

SW A a'  NE
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c
°  3500
0
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0 1000 2000500 1500
d is ta n ce -  feet

Figure C-4. Transverse p ro f ile  o f the s p i t - l ik e  fea tu re  north  o f the 

gravel quarry 2-X v e r t ic a l  exaggeration. For loca tion  see Fig. C-1 (c)
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