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ABSTRACT

C arte r,  Bruce A .,  M.S., Spring, 1982 Geology

Geology o f  the Eocene Volcanic Sequence, Mt. Baldy - Union Peak Area, 
Central Garnet Range, Montana

D ire c to r :  Donald W. Hyndman / : (V A > /

Eocene (44-49 m .y.) vo lcan ic  rocks in  the Mt. Baldy - Union Peak 
area o f  the cen tra l Garnet Range, Montana, occupy an e a r ly  T e r t ia ry  
v a l le y  which trends NW-SE and opens in to  the Clark Fork v a l le y .  The 
vo lcan ic  s t ra t ig ra p h y  includes a basal assemblage o f  e p ic la s t ic /  
p y ro c la s t ic  f low s , la ha rs , vo lcan ic  sandstones and la cu s tr in e  deposits 
which may mark the advent o f  volcanism in  the map area. A 70 m -th ick 
sec tion  o f  c ry s ta l-p o o r  ash-flow tu f f s  precedes the e a r l ie s t  f low s, 
a bimodal sequence o f  o l iv in e  basa lt and rh y o l i te  porphyry. Above 
these flows are 250 m o f  p o rp h y r i t ic  h o rnb le nd e -b io t ite  andésites.
In the no rth , these andésites re s t  d i r e c t ly  on the v o lc a n ic la s t ic  
sediments. Numerous N-S-trending quartz l a t i t e  dikes in trude  the 
sequence, no tab ly  around Union Peak, and appear to  represent the la s t  
stage o f  volcanism in  the area.

Reconnaissance geology shows th a t the o l iv in e  basa lt is  the on ly 
u n i t  common to  the re s t  o f  the Garnet Range. The rh y o l i te  porphyry 
is  found up to  15 km to  the south and east, but the more in term ediate 
hornblende andésites and quartz l a t i t e  are confined to the study area. 
The re s t r ic te d  d is t r ib u t io n  o f  the andésites probably ind ica tes  th a t 
they erupted from a center w i th in  the area, poss ib ly  immediately 
north  o f  Mt. Baldy.

A le u c i te  basa lt  plug forms a small knob 3 km northwest o f  Bearmouth 
The plug appears to have in truded the Paleozoic sedimentary rocks 
a f t e r  the Laramide Orogeny, and was then exposed by erosion p r io r  to  
e rup tion  o f  the Eocene vo lcan ic  rocks.

11
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CHAPTER I 

INTRODUCTION

This study describes the petrography and f ie ld  re la t io n s h ip s  o f 

a sequence o f  Eocene vo lcan ic  rocks in  the Mt. Baldy - Union Peak area 

o f  the cen tra l Garnet Range, Montana, and reconstructs  the vo lcan ic  

h is to ry  from th is  in fo rm ation . The study area encompasses approximately 

45 sq. km northwest o f  the old town o f  Bearmouth, 56 km. east o f  Missoula 

on In te rs ta te  90 (F igure 1).

Volcanic u n its  mapped include a basal v o lc a n ic la s t ic  sequence 

con ta in ing  rounded pebbles o f  a g lassy vo lcan ic  rock, the ex trus ion  o f  

which pre-dates the vo lcan ic  rocks now seen in  the area. An ash-flow  

t u f f  o v e r l ie s  the sediments, and may be the p y ro c la s t ic  precursor o f  

la te r  r h y o l i te  porphyry f lows. Basalt and a pyroxene andésite cap the 

southeastern h a l f  o f  the vo lcan ic  sequence. North o f  Mt. Baldy, horn­

blende andésites o v e r l ie  the v o lc a n ic la s t ic  rocks, and these are in ­

truded by a quartz l a t i t e  dike swarm th a t  is  most evident in  the v i c i n i t y  

o f  Union Peak.

A small le u c i te  basa lt  plug outcrops north o f  Bearmouth. I t  appears 

to  have in truded Paleozoic sediments and was exposed by erosion p r io r  to  

Eocene volcanism.

Whole rock geochemical analyses o f  twenty samples from the map area 

show d i s t i n c t  v a r ia t io n s  in  major element concentrations w ith  increased 

s i l i c a  con ten t.

1
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Geologic S e tt ing

The Garnet Range o f  w est-cen tra l Montana is  composed o f  fo lded and 

th ru s t - fa u l te d  Precambrian, Paleozoic, and Mesozoic sedimentary rocks 

(Wallace, 1981). Major s truc tu res  were formed during the Laramide 

Orogeny and gene ra lly  trend N75°W, w ith  te c to n ic  tran spo rt  in  a d i re c t io n  

normal to  th is  trend (Kauffman, 1963). G ranod iorite  stocks and d ikes, 

also associated w ith  orogenic a c t i v i t y ,  in truded the sedimentary rocks.

The map area l ie s  on the northern edge o f  the Sapphire Allocth.on, 

a th ic k  7500 sq. km. section  o f  the c rus t postu la ted to have s l id  

eastward as a re s u l t  o f  u p l i f t  o f  the Idaho B a th o l ith  in  the Late 

Cretaceous (Hyndman e t a l ,  1975). The Bearmouth Thrust F a u lt ,  located 

ju s t  south o f  Mt. Baldy and p a ra l le l in g  the east-west trend o f  the Clark 

Fork R iver (F igure 2 ) ,  is  a segment o f  the th ru s t  zone which is  

c h a ra c te r is t ic  o f  the leading edge o f  the Sapphire block (Kauffman, 1963; 

W ill iam s , 1975).

Paleotopography

This study postu la tes the existence o f  an e a r ly  T e r t ia ry  paleochannel 

th a t trends northwest-southeast a ta  45° angle to  the Clark Fork R iver.

This paleochannel f i l l e d  w ith  lo c a l ly  erupted lava , re s u lt in g  in  the 

present c o n f ig u ra t io n  o f  the vo lcan ic  rocks in  the map area. Figure 3 

is  a hypo the tica l paleotopography map, constructed from e leva tions  o f  

the vo lcan ic-sed im entary rock contact.
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Age o f  the Garnet Range Volcanic Rocks

Potassium-argon r a t io  determ inations o f  seven samples o f  the 

Garnet Range vo lcan ic  rocks and one sample o f  the Garnet Stock grano­

d io r i t e  were compiled during th is  study (Table 1 ). Three o f  the age 

dates are from rocks w ith in  the Mt. Baldy - Union Peak map area. For 

the vo lcan ic  rocks, the age range of  43_._7 to 47.7 m i l l ion years c le a r ly  

in d ica tes  a middle Eocene e rup tive  sequence. This t im ing o f  vo lcan ic  

a c t i v i t y  c o r r e lates w i t h th e Chall i s  vo lcan ic^ p lu to n ic  episode in  Idaho 

and w ith  the e rupyqn  o f  vo luminous, quar t z  lajU te  flows du r ingJLqwTand 

^ j ^ e k  vo lcanism in  w est-cen tra l Montana (Armstrong, 1974; Smedes and 

Thomas, 1965).

Volcanic Geology o f  the Garnet Range

Volcanic rocks o f  the Garnet Range have received on ly  cursory 

examination during reconnaissance geologic mapping o f  the area. However, 

recent work by M e js tr ick  (1982, unpubl. )  and others allows fo r  com­

parisons between th is  d e ta i le d  study and the remainder o f  the Garnet 

Range vo lcan ic  rocks. The Mt. Baldy - Union Peak area is  anomalous in  

th a t  i t  contains several u n its  found nowhere else in  the Garnet Range.

A b r ie f  de sc r ip t io n  o f  the rocks is  found in  Table 2.

Poor exposure complicates the determ ination o f  sp a t ia l re la t io n s h ip s  

o f  the vo lcan ic  rocks, both in  the Mt. Baldy -  Union Peak area and in 

the Garnet Range as a whole. For purposes o f  comparison they have been 

grouped in to  three l i t h o lo g ie  packages, w ith  Area 1 inc lud ing  the 

Mt. Baldy -  Union Peak rocks, and Areas 2a and 2b representing fu r th e r



TABLE 1: Age Dates From Volcanic Rocks Of The Garnet Range

ROCK TYPE AGE MINERALS DATED LOCATION REFERENCE

La tite  porphyry 
flow

43.7 
±  2.2 my

K-Ar - whole rock Sec. 23,
T. 11 N, R. 10 W

T. Collmeyer 
(1982)

Rhyolite porphyry 2 
f  1 ow

44.5 
± 2 .0  my

K-Ar - sanidine Sec. 21,
T. 11 N, R. 14 W

T. Williams 
(p. 63, 1975)

Andésite flow  ̂
(glassy)

44.8 
± 2 .2  my

K-Ar - whole rock Sec. 23,
T. 11 N, R. 10 Vi

T. Collmeyer 
(1982)

O liv ine basalt  ̂
flow

44.9 
± 2 .0  my

K-Ar - whole rock Sec. 14,
T. 11 N, R. 14 W

T. Williams 
(p. 63, 1975)

O liv ine basalt  ̂
flow

46.7 
±  2.5 my

K-Ar - whole rock Sec. 22,
T. 11 N, R. 13 W

T. Williams 
(p. 64, 1975)

La tite  porphyry  ̂
flow

47.0 
±  2.7 my

K-Ar - plagioclase Sec. 31,
T. 11 N, R. 9 U

T. Collmeyer 
(1982)

La t ite  porphyry ^ 
flow

47.4 
±  1.6 my

K-Ar - b io t i te Sec. 7,
T. 12 N, R. 14 W

P. Mejstrick 
(pers. comm., 1982)

Granodiorite 78.7 
± 3 .9  my

K-Ar - b io t i te Garnet Stock P. Mejstrick 
(pers. comm., 1982)

1) Area 2b 3) Area 1; Unit Tb
2) Area 1; Unit Tr 4) Area 1; Unit T l f

* see Tables 2 and 3 fo r  l i th o lo g ie  
d is t inc t io ns  and volcanic s tratigraphy
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Table 2. AREA 1

Mt. Baldy - Union Peak and the vo lcan ic rocks southwest 
o f  the "Garnet d iv id e "

Andésite p o rp h y r i t ic  hornblende andésite flows
- b i o t i t e ,  pyroxene, p lag io c lase , hornblende 

phenocrysts
- loca l p o rp h y r i t ic  hornblende andésite dikes
- basal su b p o rp h y r it ic  hornblende andésite flow

Basalt su b p o rp h y r it ic  o l iv in e  basa lt
- r e la t iv e ly  th in  flows
- s p a t ia l ly  associated w ith  r h y o l i te  porphyry

L ig h t-co lo re d  
in te rm ed ia te  
vo lcan ic  rock

p o rp h y r i t ic  gray l a t i t e  dikes
- b i o t i t e ,  pyroxene, p lag ioc lase phenocrysts
- loca l l a t i t e  porphyry flows

R hyo lite rh y o l i te  porphyry
- qu a rtz ,  sanid ine phenocrysts
- c rys ta l t u f f  (?)

Ash-flow t u f f c r y s t a l - v i t r i e  ash -flow (s)
- poorly  welded

- i a i r - f a l l  deposits

Vol c a n id  a s t ic  
rocks

e p ic la s t ic  i  p y ro c la s t ic  flows and lahars
-  loca l t h in ly  interbedded f lu v ia l  and la c u s tr in e  

deposits



Table 2 (c o n t .)  . AREA 2

Northeast o f  the "Garnet d iv id e "

2a

Andésite

Basalt

L ig h t-co lo re d  
in te rm ed ia te  
vo lcan ic  rock

su b p o rp h y r it ic  b a s a l t ic  
andésite gradationa l to 
b asa lt
-  loca l hornblende and/or 

pyroxene andésite flows

p o rp h y r i t ic  o l iv in e  basa lt
-  g rea te r %age o l iv in e  

than Area 1 basalts
-  commonly brecc ia ted and 

v e s icu la r  o r f ro th y
-  lo ca l c inder cones

loca l flows s im i la r  in  
appearance to Area 1 
l a t i t e  dikes

R hyo lite  - none

Ash-flow t u f f  -  none

2b

glassy pyroxene andésite 
flows

- p o rp h y r i t ic  " fe ld sp a r"
basa lt
-  less o l iv in e  than 

Area 2a basalts
-  no associated b a s a l t ic  

andésites

-  dac ite  porphyry flows
w ith  varied appearance 
- gene ra lly  pink to 

reddish to dark glassy 
green w ith  b i o t i t e ,  
pyroxene, fe ld spa r 
phenocrysts

-  none

-  dac ite  porphyry c rys ta l
t u f f  (?)

V o lc a n ic la s t i  c 
rocks

loca l b a sa lt  bombs and 
e jec ta

- rare
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d iv is io n s  o f  the ba sa lt  -  b a s a l t ic  andésite -  andésite - dac ite  sequence 

o f  the eastern Garnet Range. The d iv is io n  between areas 1 and 2a/2b 

can be drawn along the cu rre n t topographic d iv id e  o f  the Garnet Range. 

Although th is  may be coincidence, and has no observable pétrographie 

importance, i t  provides strong permissive evidence fo r  the existence o f 

an eq u iva len t topographic boundary during Eocene time (Figure 2).

Throughout the range, the vo lcan ic  rocks genera lly  cons is t o f  t h in ,  

scattered patches o f  d isc re te  l i th o lo g ie s .  Areal percentages inc lude :

45% basalts  or b a s a l t ic  andésites

35% p o rp h y r i t ic  to  glassy andésites

15% p o rp h y r i t ic  l a t i t e  o r in term edia te vo lcan ic  rocks

5% p o rp h y r i t ic  r h y o l i te

There are loca l patches o f  ve s ic u la r ,  breccia ted and/or amygdaloidal 

b a s a l ts /b a s a lt ic  andésites which are associated w ith  c inder cones, notably

in  the Wild Horse Parks quadrangle (M e js tr ic k ,  pers. comm., 1982). Other­

wise, the fo l lo w in g  fieJd_eyid_erLce_suggests th a t  the r o c k s j ^ e ja r im a r i  1 y 

erupted from f is s u re s :

1) The flows are nowhere th ic k e r  than 250 meters, and o ften  

much less.

2) Thin u n its  cover la rge areas, as in  homogenous, massive basa lt  

flows th a t  can be traced fo r  over three k ilom eters .

3) There is  no d is c e rn ib le  center o f  volcanism.

4) There is  a pauc ity  o f  p y ro c la s t ic  rocks and general lack o f

exp los ive features in  f e ls i c  u n its .

5) The d i f f e r e n t  l i th o lo g ie s  in  the Garnet Range are ra re ly  i n t e r ­

ca la ted .
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6) The observed conduits are commonly d ikes , w ith  some 

approaching 2 k ilometers in  length .

Despite the pétrographie d is t in c t io n s  between the areas de ta iled  

in  Table 2, t h e i r  coincidence in  time and space ind ica tes  a s in g le  

Eocene vo lcan ic  episode in  the cen tra l Garnet Range. R hyo lite  and 

l a t i t e  ash-flow  t u f f s  and t u f f  breccias o f  much lesser extent erupted 

in  the^ eastern^JiaJ,f (Area 2b) o f  the Garnet Range during Late Oligocene 

to Early  Miocene time (P. M e js tr ic k ,  pers. comm., 1982).



CHAPTER I I  

DESCRIPTIONS OF MAP UNITS

Leucite  Basalt (KTap)

A 600 m wide plug o f  le u c i te  basa lt occurs 3 km north o f  Bearmouth, 

on the west side o f  Bear Creek. I t  is  surrounded by the Eocene vo lcan ic  

rocks, and forms a d i s t i n c t  knob, e a s i ly  seen from In te rs ta te  90 

(F igure 4 ) .  Talus and ground cover obscure the periphery o f  the plug, 

but the remainder is  w e ll exposed. Outcrops a t the top o f  the knob have 

a cons is ten t f o l i a t io n  th a t  s t r ik e s  N10*E and dips approximately 75*SE.

In hand specimen the rock has a black granu la r groundmass conta in ing 

abundant b io t i t e  phenocrysts to  3mm in  s ize and loca l clinopyroxene 

xe n o c rys ts (? ) . The groundmass varies  from very f ine -g ra in ed  to  medium- 

gra ined, g e ne ra lly  increasing toward the center o f  the plug. Thin 

section  examination showed a p h a n e r it ic  tex tu re  o f  p o i k i l i t i c  anhedra 

o f  reddish-brown b io t i t e ,  blades o f c linopyroxene up to  1mm in  leng th , 

and equant gra ins o f  le u c i te  to  0.4mm in  diameter. Subequal amounts 

o f  le u c i te  and clinopyroxene comprise 85 percent o f  the rock. Numerous 

gra ins o f  Fe-oxides in fuse  the b i o t i t e ,  and loca l gra ins o f  p lag ioc lase  

are found (F igure 5 ).

The plug does not appear to in trude  the vo lcan ic  rocks th a t  surround 

i t ,  as the vo lcan ic  rocks show no a l te r a t io n ,  b re c c ia t io n ,  or any o ther 

evidence o f  in t ru s io n .  No included fragments o f  the vo lcan ic  rocks 

were observed in  the p lug. I t  appears th a t  the plug in truded the sed i­

mentary rocks and was denuded by erosion p r io r  to  e rup tion  o f  the lava flows

12
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Figure 4. Leucite  basa lt  plug as seen from the v i c i n i t y  o f 
In te rs ta te  90

Figure 5. Photomicrograph o f  le u c i te  basa lt (X 12.5).
Tabu la r, hi r e l i e f  gra ins are pyroxene; c o lo r le s s ,  equant 
gra ins are le u c i te ;  dark, lo  r e l i e f  grains are b io t i t e
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V o lc a n ic la s t ic  Rocks (Tvc)

Roadcuts expose a te x tu r a lTy and 1i t h o lo g ic a l l y  d iverse section o f  

tüffaceous sandstones, e p ic la s t ic  t u f f  breccias and laha rs , l i t h i c -  

r ic h  ash -f low s, and la ccu s tr in e  deposits . These rocks are genera lly  

confined to a 1 km wide band south o f  and p a ra l le l in g  Cramer Creek and 

to the Union Peak area, where they reach a maximum thickness o f  250 m.

Small patches are found as f a r  south as L i t t l e  Bear Creek. The u n it  is  

poorly  indurated due to  i t s  o r ig in a l l y  u n l i t h i f i e d  nature and the 

d e v i t r i f i c a t io n  o f  g lass , and i t s  f u l l  extent is  o ften  masked by ground 

cover, where subcrop leaves a white  g r i t t y  s o i l .

In roadcuts the rocks d isp la y  wide te x tu ra l and compositional 

v a r i a b i l i t y  bu t,  w ith  few exceptions, have a cha lky, white to  l i g h t  

gray m atr ix  o f  c lay  and d e v i t r i f y in g  pumice fragments and glass shards. 

There is  a crude but d is t i n c t  bedding between un its  o f  d i f f e r e n t  gra in 

s ize  and o r ig in .  Beds range in  thickness from 1cm to  3m, and are la t e r a l l y  

continuous throughout a given exposure. The rocks have been lumped 

in to  fo u r  ca tegories : (1) e p ic la s t ic  t u f f  breccias and la ha rs , (2)

l i t h i c  fragm ent-r ich  ash-flow s, (3) vo lcan ic  sandstones, and (4) lacus­

t r in e  depos its . No s t ra t ig ra p h ie  re la t io n s h ip s  are implied by th is  

c la s s i f i c a t io n .

E p ic la s t ic  t u f f  breccias and la h a rs . Poorly so rted , massive, m a tr ix -  

supported conglomerates compose the m a jo r i ty  o f  the v o lc a n ic la s t ic  rocks 

(F igure 6 ) .  C lasts inc lude a pervasive, sub-angular, b io t i t e - p la g io -  

clase ash-flow  t u f f ,  sub-rounded gray to  l i g h t  red glassy b io t i t e -  

p lag ioc lase  vo lcan ic  pebbles, and rounded to sub-rounded pebbles o f the
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Paleozoic rocks. Most are 1 cm or less in  s ize , but Paleozoic boulders to 

1 m are seen in  th is  u n i t  a t the base o f  Union Peak. These c la s ts  

probably accumulated when the mudflows, seeking topographic lows, picked 

up stream m a te r ia l.

Up-section, there are fewer sedimentary cobbles and the ash-flow  

t u f f  fragments predominate. C rysta ls  o f  p lag ioc lase , b i o t i t e ,  horn­

blende, pyroxene, quartz , san id ine , magnetite, and a p a t ite  f i l l  the 

in te rs t ic e s  between the la rg e r  c la s ts .  Most c ry s ta ls  are broken and 

b io t i t e  f lakes are bent. The m a tr ix  m ateria l is  a very f in e -g ra in e d , 

grungy, lo w -b iré f r in g e n t  m a te r ia l ,  poss ib ly  representing vo lcan ic  ash 

and dust a l te r in g  to  c la y . Carbonates commonly in fuse the groundmass. 

F ie ld  and pétrographie evidence supporting a mudflow instead o f  a pyro­

c la s t ic  o r ig in  fo r  most o f  these rocks inc ludes:

1) Lamination and v e r t ic a l  s ize  grading are absent, and would 

probably be present in an a i r - f a l l  t u f f .

2) Fresh o r d e v i t r i f i e d  pumice or vo lcan ic  glass is  genera lly  

absent. Such f r a g i le  components would not be expected to 

p e rs is t  in reworked depos its , and are common components in 

p y ro c la s t ic  sequences.

3) Welding o r reso rp t ion  phenomena along gra in  boundaries is  

absent.

4) Thin sections d isp lay  a sw ir led  m atr ix  s tru c tu re  ty p ic a l o f 

m a t r ix - r ic h  e p ic la s t ic  breccias deposited by mudflows.

5) No f la t te n in g  o f  p a r t ic le s  or p lanar o r ie n ta t io n  o f c la s ts  

was observed.

(Gwinn and Mutch, 1965)
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The most l i k e l y  o r ig in  fo r  these vo lcan ic  conglomerates is  deposit ion  

as a vo lcan ic  mudflow, or lahar. Mechanical action would round fragments 

o f  included vo lcan ic  m ate ria l as well as c o l le c t in g  surface deb r is , and 

account fo r  the breakage o f  c ry s ta ls  in the flow . Kauffman (1964) 

reports  the presence o f  charred wood fragments in vo lcan ic  sediments south 

o f  Cramer Creek, which would in d ica te  r e la t iv e ly  high temperatures fo r  

some o f  the mud-flows.

L i t h ic  fragm ent-r ich  ash -f low s . A very few conglomeratic lenses in 

the v o lc a n ic la s t ic  rocks show evidence o f  having been deposited as pyro- 

c la s t ic  f low s. Although not obvious in  hand specimen, resorbed p la g io -  

clase phenocrysts and pumice shards seen in  th in  sec tion , as well as 

angular accessory vo lcan ic  fragments, seem to  in d ica te  a p y ro c la s t ic  o r ig in  

Abundant sub-rounded vo lcan ic  and sedimentary c la s ts  would have been 

derived from the surface over which the flow  passed.

Volcanic sandstones. This sub -un it appears gradational from the 

vo lcan ic  mudflows, e x h ib i t in g  more d is t i n c t  bedding, g rea te r so r t in g  o f  

c la s t-s iz e s  between la ye rs ,  and a cons is ten t sand-sized f ra c t io n .  Beds 

range from a few m il l im e te rs  to  1 m in  th ickness. They are l i g h t  gray to 

white  on a fresh surface , and conta in  1mm c la s ts  o f  rounded to sub-rounded 

vo lcan ic  fragments and phenocrysts. The m a tr ix  is  a white  chalky 

m ate ria l th a t  is  predominantly c la y , and the rock as a whole is  g ra in -  

supported (F igure 6 ). The consistency o f  g ra in  s ize , degree o f  rounding, 

lack o f  m a tr ix  support and more pronounced bedding o f  th is  u n i t  suggest 

more thoroughly reworked deposits o f  vo lcan ic  m a te r ia l ,  probably derived 

from the surface o f  the lahars . However, the general absence o f
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Figure 6. V o lc a n lc la s t ic  sandstone 
(bottom) and laha r (top) Figure 7. Roadcut showing vo lcan i-  

c la s t ic  rocks o ve r la in  by 
ash-flow t u f f  ' ’■

Figure 8. Photomicrograph o f  ash-flow  t u f f  (X 10) showing
co lo r le ss  p lag ioc lase  phenocrysts and v i t r o c la s t i c  
groundmass w ith  disseminated Fe-oxides
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sedimentary s truc tu re s  such as s o r t in g ,  scour fea tu res , laminar cross-beds, 

im b r ic a t io n ,  or channeling argue aga inst a pure ly  f lu v ia l  environment.

The f l a t  surfaces o f  the lahars may have been more prone to  sheetwash.

Lacustrine d e p o s its . Small l e n t i c u la r ( ?) beds o f t h in ly  laminated 

la c u s tr in e  deposits are in te rspersed throughout the v o lc a n lc la s t ic  sec tion . 

These range from ashy claystone to  r e la t iv e ly  f i s s le  carbonaceous sediments 

w ith  in d is t in c t  p la n t fo s s i l s .  Numerous pelecypods are present in  one 

series  o f  beds. These deposits undoubtedly represent minor hiatuses in 

the vo lcan ic  a c t i v i t y  th a t  produced the bulk o f  the u n i t .

The v o lc a n lc la s t ic  rocks as a whole represent predominantly vo lcan ic  

m ate ria l th a t  has been reworked by epigene geomorphic processes (F ishe r, 

1960) and deposited in  low areas where they remained protected from 

fu r th e r  erosion. The te x tu ra l  and compositional v a r i a b i l i t y  o f  the u n i t  

appears to  in d ica te  a high degree o f  loca l source co n tro l.

Ash-flow T u f f  ( T f t )

The basal v o lc a n lc la s t ic  sequence is  fo llowed by c r y s t a l - v i t r i e  

ash -flow  t u f f s ,  which lo c a l ly  cap the v o lc a n lc la s t ic  rocks, but more 

commonly re s t  on the Paleozoic bedrock (Figure 7). The most extensive 

exposures o f  th is  u n it  are found east o f Mt. Baldy, between Felan Gulch and 

L i t t l e  Bear Creek. The t u f f  ra re ly  outcrops, instead forming massive 

ta lu s  p i le s  on ridge tops and in  g u l l ie s .  I t  is  common in  the v i c i n i t y  

o f  Union Peak, where the lack o f  outcrop and high r e l i e f  preclude accurate 

mapping o f  i t s  ex ten t.

C r i te r ia  c o n tr ib u t in g  to  i t s  id e n t i f i c a t io n  as an ash-flow inc lude :
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1) The re te n t io n  o f  heat has p a r t ia l l y  welded the abundant

glass shards. (Smith, 1960)

2) There is  complete lack o f s o r t in g  ( la te ra l  o r v e r t ic a l ) .

3) Phenocrysts are commonly broken and in truded w ith  g lass; b io t i t e

gra ins are commonly ox id ized to  dark red brown and some show 

deformation re s u lt in g  from compaction o f  the t u f f s  as they cool 

and lose gas (McBirney and W ill iam s, p. 163, 1979).

4) Rounded surface debris is  o ften  incorporated in to  the base o f 

the f low .

5) The f low  forms a nearly  leve l surface over i r r e g u la r  topography, 

best seen where the basa lt o ve r l ie s  the t u f f  (Smith, 1960).

The t u f f  appears s im i la r  in  composition throughout, w ith  on ly s l ig h t  

v a r ia t io n s  in  te x tu re ,  being e i th e r  glassy or s l i g h t l y  gra iny w ith  few 

phenocrysts. This homogeneity and the pauc ity  o f  accessory fragments may 

in d ic a te  th a t  the f low  is  a s in g le  coo ling u n i t .  I t  is  l i g h t  b u f f  when 

fre s h ,  but weathers to  l i g h t  pink o r ye l lo w , w ith  loca l patches oxid ized 

to  a b r ic k - re d  co lo r .  These ox id ized tu f f s  are most commonly found adjacent 

to  the quartz  l a t i t e  d ikes , the in tru s io n  o f  which could have heated 

ground water to  a temperature s u f f i c ie n t  to ox id ize  iron  in  the b io t i t e  

and magnetite.

The tu f f s  contain less than 5 percent phenocrysts, inc lud ing  sanidine 

and p lag ioc lase  euhedra to 3 mm and b io t i t e  gra ins to 1.5 mm. L i th ic  

fragments are uncommon, usua lly  con s is t in g  o f  less than 4 mm, sub-rounded 

c la s ts  o f  the Paleozoic sec t ion . In th in  section the t u f f  has a 

c h a ra c te r is t ic  v i t r o c la s t i c  groundmass comprised o f  minute crescent-shaped
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and crudely  t r ia n g u la r  glass shards (Figure 8). Degree o f  welding was 

determined through comparison w ith  photographs in  Ross and Smith (1960) 

and a s l i g h t  welding is  e v ide n t,  although d e v i t r i f i c a t io n  has destroyed 

much o f  the o r ig in a l  te x tu re . A x io l i t i c  in te rgrow ths o f  c r is to b a l i t e  

and fe ld sp a r are common, o ften  spreading outward from shard boundaries 

or lo c a l iz e d  in  bands along pa rt in g  planes. Phenocrysts o f  sanidine and 

f a in t l y  zoned p lag ioc lase  (^An^g) are genera lly  embayed and broken or 

cracked. B io t i t e  grains are very dark red and comprise less than 1 per­

cent o f  the rock. Trace amounts o f  magnetite and a p a t i te  are found, 

commonly in  the fe ld spa r phenocrysts.

L a p i l l i - s iz e d  pumice fragments are found in  a small quarry on County 

Route 12, where stre tched ta b u la r  pumice fragments as la rge as 2 cm occur 

in  a s l i g h t l y  welded ash-flow t u f f .  These may have resu lted  from the 

s t re tc h in g  o f  ves ic les  by r is in g  magma during la te  gas-depleted stages o f 

e rup tion  (McBirney and W ill iam s, 1979, p. 130). Discontinuous s lickens ides 

found in  th is  l a p i l l i - t u f f  are probably re la ted  to  d i f f e r e n t ia l  movement 

during t ra n sp o rta t io n  and coo ling o f  the u n i t  (McBirney and W ill iam s, 1979, 

p. 176).

Several small but prominant outcrops o f  a tu f f -b re c c ia  are found 

three k ilom eters north o f  Mt. Baldy, near Ten Mile Creek, and east o f  

Union Peak, a t the head o f  Secret Gulch. In sharp con tras t to the un- 

brecc ia ted  m a te r ia l ,  th is  breccia is  as re s is ta n t  to  erosion as any u n it  

in  the map area. In these outcrops, sub-angular fragmented c la s ts  up to 

2.5 cm in  s ize  are supported in  a m a tr ix  o f  fe ld spa r phenocrysts and 

coarse ly comminuted p a r t i a l l y  welded (?) g lass. Although i t s  o r ig in  is
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unc lear, the p a r t ia l  reso rp tion  o f  f rac tu re d  c la s ts  and the in tro d u c t io n  

o f  fe ld sp a r phenocrysts, which dominate the m a tr ix ,  in d ica te  th a t  the 

p a r t i a l l y  cooled t u f f  was in tru de d , perhaps e x p lo s ive ly ,  by a "pulse" 

o f  fresh lava.

R hyo lite  Porphyry (T r)

Outcrops o f  the p ro p h y r i t ic  r h y o l i te  are common in  the area between 

L i t t l e  Bear Creek and Bear Creek, and continue south o f  the map area fo r  

10 km (Maxwell, 1965), North o f  the Clark Fork River the u n i t  is  200 m 

th ic k ,  but i t  th ins  to less than 30 m to  the south and east. Contact 

between the ash-flow  t u f f  and the s t r a t ig ra p h ic a l ly  higher o l iv in e  ba sa lt ,  

seen in  a roadcut in  L i t t l e  Bear Creek, a t te s ts  to  the discontinuous nature 

o f  the rh y o l i te  (F igure 9).

The u n i t  has a massive blocky appearance in  outcrop, and is  pink to 

gray in  co lo r  or b r ic k - re d  where ox id ized . Vesicles and flow-banding are 

uncommon. I t  is  characterized by l-3mm sub-rounded to  angular fragments 

o f  b i-pyram ida l smoky and c le a r  quartz and euhedral sanidine phenocrysts 

in  a d e v i t r i f i e d  aphan it ic  groundmass. Phenocrysts c o n s t i tu te  40 percent 

o f  the rock.

Thin section study revealed common a x i o l i t i c  te x tu re ,  which lo c a l ly  

re s u lts  in  "pseudo" flow-banding as p re fe re n t ia l  d e v i t i r i f i c a t i o n  proceeded 

along t in y  cracks th a t  formed as the f low  cooled. Sanidine phenocrysts 

are weakly zoned and commonly twinned. Ubiquitous f ra c tu r in g  o f  quartz 

may have resu lted  from the inve rs ion  o f  be ta-quartz  to  a lpha-quartz as the 

f low  cooled ( B la t t  e t  a l ,  1972). Trace amounts o f  sphene, b i o t i t e ,  and 

iro n -o x ide s  are present, as well as rare o l ig o c la se (? )  phenocrysts 

(F igure 10).
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Figure 9. Quarry outcrop showing ash-flow 
t u f f  o ve r la in  by basa lt  laha r

Figure 10. Photomicrograph o f  r h y o l i te  porphyry (X 12.5)
showing f ra c tu re d  quartz and san id ine phenocrysts
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The large number o f  broken phenocrysts in  th is  u n i t  may be in d ic a t iv e  

o f  an ig n im b r ite  or ash-flow  t u f f  i f  they resu lted  from exp losive impacts 

w i th in  the e ru p t ive  vent or a high degree o f  turbulance during movement 

(McBirney and W ill iam s, 1979, p. 169). Pervasive d e v i t r i f i c a t i o n  has 

destroyed any evidence o f  p y ro c la s t ic  fragments, and deformation o f  b io t i t e ,  

which would in d ic a te  compaction o f  the glassy m atr ix  as i t  degassed, is  

not ev iden t. The u n i t  is  th ic k e s t  a t h igher e leva tio n s , th in n ing  con­

s id e ra b ly  as i t  drops 300 m in  3 km. A r e la t iv e ly  mobile hot ash cloud 

would presumably th icken towards the lower e leva tion s , whereas the observed 

pa tte rn  would be expected o f  a th ic k ,  viscous f low .

Talus slopes o f  la rge , to  2 m, polyhedral blocks occur in  a g u l ly  

south o f  the le u c i te  basa lt  plug. These blocks may be re la ted  to f ra c tu r in g  

o f  the coo ling  exposed m ate ria l as new lava surged beneath i t .

O liv in e  Basalt (Tb)

A sub po rph y r it ic  o l iv in e  basa lt is  found above the r h y o l i te  porphyry.

I t  forms ridges adjacent to  the Clark Fork R iver, and columnar jo in t in g  

is  ev ident a t a prominent outcrop west o f Bearmouth. Except fo r  a small 

outcrop o f  r e la t iv e ly  coarse-grained basa lt  characterized by unaltered 

o l iv in e ,  which is  found northeast o f  Union Peak, i t  is  ra re ly  found north 

o f  Felon Gulch.

Commonly ve s ic u la r ,  the b a sa lt  is  dark grey to  b lack , and b r ic k - re d  

where f ro th y .  I t  has a massive, g ranu lar speckled appearance, w ith  0.5 mm 

gra ins o f  p lag ioc lase  and r e l i c t  o l iv in e  in  an aphan it ic  m a tr ix .  In th in  

s e c t io n , the rock has an in te rg ra n u la r  te x tu re ,  w ith  t in y  gra ins o f  c l in o -  

pyroxene and magnetite i n t e r s t i t i a l  to  crudely laminated p lag ioc lase



24

m ic ro ! i te s  ( An^g) and r e l i c t  o l iv in e  euhedra. True o l iv in e  comprises 

less than 1 percent o f  the rock, w ith  4 percent o l iv in e  pseudomorphs o f 

c h lo r i t e ,  a n t ig o r i t e ,  Fe-oxides and c lay (A u g u s t i th is , 1978). I r re g u la r  

f ra c tu re s  are o u t l in e d  by the m inera lo id  id d in g s ite .  P lagioclase m icro- 

l i t e s  c o n s t i tu te  65 percent o f  the groundmass, w ith  subequal amounts o f  

aug ite  and p igeon ite  (+2V^=lo°). Accessory m inerals include Fe-oxides 

and a p a t i te .

Roadcuts along County Route 12 expose ox id ized basa lt lahars . The 

l a p i l l i - t u f f  found near the Clark Fork River is  capped by a mud-flow o f  

rounded ba sa lt  cobbles and "pal agoni te "  t u f f s  (C. Wallace, pers. comm., 

1982).

Pyroxene Andésite (Tpa)

On a small r idge immediately south o f  the le u c i te  basa lt p lug, a 

hypersthene-augite  andésite f low  o ve r l ie s  the r h y o l i te .  I t  is  s im i la r  to 

the b a s a lt ,  d i f f e r in g  on ly in i t s  lack o f  id d in g s i te /a n t ig o n i te  pseudo­

morphs and the presence o f  lo c a l ly  common 1-2 mm quartz anhedra. Patches 

o f  v e s ic u la r ,  ox id ized f l o a t  were in d is t in g u ish a b le  from the basa lt.

Outcrops commonly have steep p a ra l le l  jo in ts  which r e s u l t  in  th in  

d iscontinuous sheets o f  rock. The jo in t s  have va r ia b le  but high angle 

dips (>45°) and w ide ly  d ivergen t s t r ik e s ,  and may have developed from 

d i f f e r e n t ia l  movement o f  the coo ling  lava as i t  f i l l e d  a g u l ly .

In th in  section the rock has a we l1-developed p i l o t a x i t i c  tex tu re  

w ith  10 percent g lom eroporphyrit ic  hypersthene. An equ iva len t amount o f  

very f a in t  p leochro ic  green aug ite  occurs as t in y  d isc re te  g ra ins , p a r t i a l l y  

resorbed phenocrysts, or reac tion  rims on the hypersthene. Rare 1 mm
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p lag ioc lase  phenocrysts e x h ib i t  pervasive reso rp tion  along nearly  

is o t ro p ic  zones w i th in  the c rys ta l (P ich le r  and Z ie l ,  1972; see also 

Figure 11). Quartz-eyes are rare in  th in  section but approach 1 percent 

in  outcrop. They are h ig h ly  resorbed and have in d is t in c t  reaction  rims o f  

pyroxene. Oriented p lag ioc lase m ic ro l i te s  w ith  1 percent in te r s t ia l  

magnetite comprise the remainder o f  the rock.

This u n i t  commonly outcrops and is  remarkably unweathered in  th in  

sec t ion . I t  is  poss ib le  th a t  the present ridge occupied by the pyroxene 

andésite represents an inve rs ion  o f  the topography from a g u l ly  which was 

f i l l e d  w ith  the ré s is te n t  lava.

Hornblende Andésite (Tha)

This u n i t  ra re ly  outcrops but is  d is t in c t iv e  enough to  be re a d i ly  

id e n t i f ie d  in  f lo a t .  I t  is  found a t the head o f  Baldy Gulch, adjacent to 

a small window o f  the Paleozoic rocks, near Cramer Creek, where a roadcut 

exposes the a n d e s ite -v o lc a n ic la s t ic  con tac t, and on Union Peak.

The hornblende andésite is  pale lavender-gray in  c o lo r ,  w ith  sub- 

l in e a te d  hornblende phenocrysts in  a g ra iny , apha n it ic  groundmass.

Vesic les and accidental fragments are scarce but present in a l l  exposures.

In th in  sec t io n , the rock has a p i l o t a x i t i c  to  h y a lo p i l i t i c  te x tu re .

P lag ioclase m ic ro l i te s  comprise 65-75 percent o f  the rock. Hornblende occurs 

as t in y  1 mm euhedral phenocrysts th a t  are black In hand specimen, and 

are p leochro ic  w ith  Z' = greenish brown and X' = l i g h t  ye llow  green. Accessory 

m inera ls inc lude a p a t i te ,  magnetite, and b io t i t e .  H y a lo p i l i t ic  v a r ie t ie s  

conta in  as much as 20 percent glass in  the groundmass. The flow  a ligned 

p i l o t a x i t i c  andésites conta in less glass and the increased o r ie n ta t io n  may
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Figure 11, Photomicrograph o f  
geometric pa tte rn  o f  resorp­
t io n  in  p lag ioc lase  phenocryst 
(X 40)

^

Figure 12. Photomicrograph o f  
hornblende a l te r in g  to pyroxene 
and Fe-oxides (X 40)

Figure 13. Photomicrograph o f 

r u t i l a t e d  b i o t i t e  (X 50)

A l l  photos taken in  p la in  l i g h t
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in d ic a te  th a t  they cooled a g rea te r d istance from the source (McBirney and 

W ill iam s , 1979, p. 179).

North o f  Dry Gulch, a small outcrop o f  the sub po rph y r it ic  hornblende 

andésite contains 15 percent hornblende in  a f in e -g ra in e d  p h a n e r it ic  

m a tr ix .  I t  may represent m ate ria l th a t  cooled in  a d ike , although cross­

c u t t in g  re la t io n s h ip s  are not exposed.

P o rp h y r i t ic  B io t i t e  - Hornblende Andésite (Tbha)

The p o rp h y r i t ic  b io t ite -h o rn b lend e  andésite , the most widespread 

u n i t  in  the map area, is  found over a 10 km area north o f  Mt. Baldy.

I t  outcrops lo c a l ly  a t  r idge tops and in  steep-sided g u l l ie s .  One ex­

ception is  found south o f  Baldy Gulch, where a s ing le  f low  outcrops on a 

small r idge fo r  1/2 km. The u n i t  is  nowhere capped by the quartz l a t i t e  

th a t  must have erupted from the nearby dike swarm. The contact w ith  the 

underly ing su b p o rp h y r it ic  hornblende andésite was mapped on f lo a t .  That 

con tac t appears h o r iz o n ta l ,  as does most o f  the f low  banding seen in  road­

cu ts . A few dikes o f  the b io t ite -h o rn b le n d e  andésite , less than 3 m wide, 

cu t the v o lc a n lc la s t ic  rocks.

In outcrop the rock is  massive, gene ra lly  w e l l - jo in te d ,  and devoid 

o f  accessory fragments. Color va ries  from dark gray to  greenish gray to 

l i g h t  gray to  brown to  b r ic k - re d .  Glassy v a r ie t ie s  are commonly variegated 

gray and b r ic k - re d ,  apparently by ox ida tion  along f ra c tu re s .  Vesicles 

are uncommon. The rock has a granu la r appearance due to  the high percen­

tage o f  p lag ioc lase  phenocrysts. Large, to  6 mm b io t i t e  phenocrysts th a t  

weather to  a bronze co lo r  are lo c a l ly  common, p a r t ic u la r ly  in  the lower 

le ve ls  o f  the u n i t ,  but most phenocrysts are no la rg e r than 3 mm. Weathering
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o f  hornblende and p lag ioc lase  has l e f t  small c a v i t ie s  th a t  commonly f i l l  

w ith  secondary m inerals having a greenish cast. Fe-stained frac tu re s  

may enhance flow  banding.

Three km north-northwest o f  Mt. Baldy, a series o f  3 cm-wide v e r t ic a l  

cracks are f i l l e d  w ith  a jaspe ro id  m a te r ia l.  In the v i c i n i t y ,  lavender- 

gray glassy andésite contains abundant l ine a ted  amygdules o f  chalcedony.

Thin sections show cons is ten t tex tures and mineralogy throughout 

(F igure 12). The rock has a p i l o t a x i t i c  groundmass, w ith  less common 

h y a lo p i l i t i c  glassy v a r ie t ie s .  T iny , 0.02 mm, p lag ioc lase m ic ro l i te s  may 

be unoriented in a rock w ith  la rg e r  a ligned m ic ro l i te s .  These were 

probably too small to  be aligned by viscous shear in  the f low ing lava, 

o r grew to  t h e i r  present s ize a f te r  the lava stopped moving. Phenocrysts 

average 10 percent p lag ioc lase (Angy -  An^^), less than 1 to  5 percent 

hornblende, 1-8 percent c linopyroxene, 1 percent b i o t i t e ,  and 0-2 percent 

hypersthene. The hornblende is  commonly rimmed by o r completely a lte red  

to  g ranu la r masses o f  magnetite and clinopyroxene or s e rp e n t in e - l ik e  

m inera ls . Augite (ZAC = 39°) is  also found as primary i n t e r s t i t i a l  grains 

and broken, zoned, lo c a l ly  g lom eroporphyrit ic  phenocrysts. Hypersthene 

forms f a in t l y  p leochro ic  pink or ye llo w  subhedral gra ins. B io t i te  is  

p leochro ic  w ith  V  = brown and X' = l i g h t  brown, but is  lo c a l ly  oxid ized 

to  a dark reddish-brown or ye l low . I t  commonly encloses Fe-oxide grains 

and may be embayed. Accessory m inerals include magnetite, i lm e n ite ,  and 

a p a t i te .  Quartz anhedra are rare but c o n s t i tu te  1 percent o f  some samples.

D is t in c t iv e  f low  features are ra re ly  observed in  th is  u n i t ,  probably 

due to  the pauc ity  o f  outcrop. Laminar f low  is  common, as are planar



29

f ra c tu re s  th a t  form cracks and jo in t s .  The absence o f  blocky f ra c tu r in g  

and au tob recc ia t ion  may be due to  the removal o f  periphera l features o f  

the flows by erosion. Roadcuts south o f  Ten M ile Creek exposed " la h a r-  

type" breccias w ith  m atrix-supported c la s ts  o f  sub-angular glassy f low - 

banded andésite (Parsons, 1969). Weathering o f  the m atr ix  accentuates 

the c la s ts  and f a c i l i t a t e s  id e n t i f i c a t io n  o f  the lahars.

P o rp h y r i t ic  PIaqioclase-Hornblende Andésite (Tpha)

Several outcrops o f  hornblende andésite porphyry dikes are found 

in  the d ike swarm near Union Peak, and a small patch o f  f l o a t  was found 

south o f  Felan Gulch, where the rock was apparently in truded in to  the 

b a s a l t - rh y o l i te -a s h - f lo w  sequence. Although la te r  than the flows found 

near Union Peak, c rosscu tt ing  re la t io n s h ip s  w ith  respect to  the quartz 

l a t i t e  dikes are uncerta in . Flanking ta lu s  slopes prevent observation o f  

the pe riphera l features o f  these dikes.

The rock has a d is t in c t iv e  appearance, w ith  abundant 2-5 mm pheno­

c rys ts  o f  hornblende and p lag ioc lase , less common b io t i t e  and pyroxene, 

and a massive, f in e -g ra in e d  gray to  l i g h t  brown groundmass. Glassy 

v a r ie t ie s  lo c a l ly  e x h ib i t  a banded d e v i t r i f i c a t io n  pa tte rn . C a lc ite  

commonly occurs as a replacement o f  hornblende and p la g io c la s e (? ) . M icro­

s c o p ic a l ly ,  the rock has a h y a lo p i l i t i c  to  p i l o t a x i t i c  te x tu re ,  w ith  

up to  10 percent i n t e r s t i t i a l  g lass. I t  contains 70-80 percent p la g io ­

c la se , ' as m ic ro l i te s  and commonly resorbed and embayed phenocrysts 

(AngQ -  Angg) and 2-4 percent hornblende phenocrysts, which are p leochro ic  

w ith  V  -  brown, Y' = brownish green and X' = l i g h t  ye l low  brown. Grains
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o f  magnetite and pyroxene lo c a l ly  rim the hornblende (Figure 12) .

B io t i t e  comprises 1 percent o f  the rock, is  p leochro ic  w ith  Z' = dark 

brown and X' = tan and o ften  encloses gra ins o f  i lm e n ite (? )  or r u t i l e  

needles a ligned perpend icu lar to  (010) and a t 60° in te rv a ls  (F igure 13)

(Deer, Howie and Zussman, p. 209, 1966). These inc lus ions  may have formed 

as the b io t i t e  cooled and lo s t  t i ta n iu m  (B. Bakken, pers. comm., 1982). 

Accessory m inerals inc lude magnetite, a p a t i te ,  and sphene. D e v i t r i f i ­

ca tion  o f  glass in  the groundmass has rimmed small voids (ves ic les?) 

w ith  a x i o l i t i c  in te rgrow ths enclosing t in y ,  .1 mm, re c ry s ta l l iz e d  grains 

o f  quartz .

P o rp h y r i t ic  Quartz L a t i te  (Tqlp)

Erosion has exposed a N-S trend ing  subparalTel dike swarm th a t  in ­

trudes a l l  o f  the flows and c h a ra c te r is t ic a l ly  outcrops along ridges fo r  

up to  1 km. The dikes are most ev ident in  the v i c i n i t y  o f  Union Peak, 

where they in trude  a r e la t iv e ly  th ic k  section o f  the v o lc a n ic la s t ic  rocks, 

and d ike  m ate ria l forms up to  75 percent o f  the surface area. S im ila r  

in t ru s iv e  rocks mapped in  Lubrecht Forest to  the north  (Brenner, 1964) 

and a dac ite  porphyry (Montgomery, 1958) south o f  the Clark Fork River 

may extend th is  trend.

The p o rp h y r i t ic  quartz  l a t i t e  has a d is t in c t iv e  appearance, w ith  sub­

hedral fe ld sp a r phenocrysts to  1 cm, small b io t i t e  books, and a l i g h t  gray 

to  gray ap ha n it ic  groundmass. Quartz-eyes are common, as are 1-2 mm 

phenocrysts o f  hornblende. Small ves ic les  are lo c a l ly  l in e d  w ith  z e o l i te s (? )  

In th in  sec tion  they have a h y a lo p i l i t i c  tex tu re  w ith  65-75 percent



31

groundmass comprised o f  p lag ioc lase  m ic ro l i te s  and glass in  h igh ly  

v a r ia b le  ra t io s .  Phenocrysts average 15% p lag ioc lase (Ang^ -  An^g),

1 percent b i o t i t e ,  1 percent hornblende, and 0-5 percent embayed quartz 

anhedra. Accessory m inerals inc lude magnetite, a p a t i te ,  sphene, and the 

a l te ra t io n  products c h lo r i te  and s e r ic i t e .  The b io t i t e  is  p leochro ic , 

w ith  X* = l i g h t  ye l lo w  brown and Z‘ = dark brown, and o ften  encloses Fe- 

oxide gra ins . The p lag ioc lase phenocrysts are weakly zoned and p a r t ia l l y  

resorbed w ith  in c ip ie n t  m elting along nearly  is o t ro p ic  zones w ith in  the 

c ry s ta l  (P in ch le r  and Z ie l ,  1972).

The contact between the quartz l a t i t e  dikes and the in truded 

v o lc a n ic la s t ic  rocks is  commonly marked by a 5-10 cm zone o f  vo lcan ic  con­

glomerate, w ith  a glassy groundmass con ta in ing  abundant sub-angular c las ts  

o f  the Garnet stock g ra n o d io r i te .  Paleozoic sedimentary rocks, c r y s ta l - 

r ic h  ash-flow  t u f f ,  and v o lc a n ic la s t ic  rocks. Xenocrysts, commonly 

broken, inc lude c linopyroxene, hornblende, quartz , and s l i g h t l y  zoned 

p lag io c lase . These mineral fragments are s im i la r  in  appearance to com­

ponents o f  the g ra n o d io r i te ,  and may have resu lted  from explosive a c t i v i t y  

as the dike in truded the Garnet stock. Narrow v e r t ic a l  zones o f  increased 

v é s ic u la t io n  in  the in t e r io r  o f  the dikes may have resu lted  from upward 

movement o f  vaporized groundwater along frac tu re s  which developed during 

coo ling  o f  the molten rock or from the b u i ld  up o f  water during c r y s t a l l i ­

za t io n  (Hyndman, pers. comm., 1982).

L a t i te  Porphyry (TIF)

A small f low  o f  c r y s ta l - r ic h  l a t i t e  caps Union Peak where i t  d isp lays 

a d is t in c t iv e  " f la g g y "  morphology. More extensive outcrops o f  the same



32

u n i t  are found to  the northeast a t  the base o f  Union Peak. I t  resembles 

the quartz  l a t i t e  o f  the d ike swarm in  i t s  la rge , cloudy fe ldspa r 

phenocrysts and b io t i t e  books, but d i f f e r s  in th a t  i t  contains pyroxene, 

has a h igher percentage o f phenocrysts, and weathers to  a lavender-gray. 

I t  is  found as slabs in  the f lo a t  b lanketing the Union Peak area.

In th in  section the rock has a massive, h y a lo p i l i t i c  te x tu re ,  w ith  

up to  50 percent phenocrysts in  a brown d e v i t r i f ie d  c ryp to c rys ta l l in e  

groundmass. Broken, angular p lag ioc lase (An^^ -  An^g) phenocrysts to 

5 mm comprise 35 percent o f  the rock. 1-3 mm phenocrysts o f  aug ite , 

hornblende w ith  a l te ra t io n  rims o f  Fe-oxides and carbonate m inera ls , and 

b i o t i t e  a l te r in g  to  Fe-oxides, occur in  sub-equal amounts. Local anhedra 

o f  serpentine minerals and magnetite appear to  be a l te r in g  from an un­

known m inera l. Abundant 1 mm ir r e g u la r  c a v i t ie s  in  the groundmass 

probably re s u l t  from p re fe re n t ia l d e v i t r i f i c a t io n  around ves ic le s .

The u n i t  was named a c r y s t a l - t u f f  in  the f i e l d  due to  the abundance 

o f  broken phenocrysts which would re s u l t  from explosive a c t i v i t y  as the 

rock erupted. However, the high percentage o f  phenocrysts would increase 

in te rn a l f r i c t i o n  in  the f low  and con tr ibu te  to  f ra c tu r in g ,  and the lack 

o f  p y ro c la s t ic  fragments o r co llapse features argue against i t  being a 

t u f f .  C ross-cu tt ing  re la t io n sh ip s  are unclear.



CHAPTER I I I  

SUMMARY OF VOLCANIC HISTORY

The basal section  o f  v o lc a n ic la s t ic  rocks marks the onset o f  Eocene 

volcanism in  the map area. The rocks represent a gradation in  e p ic la s t ic -  

p y ro c la s t ic  processes, w ith  th ic k  poorly sorted la h a r ic  debris flows 

in te rc a la te d  w ith  th in n e r  p y ro c la s t ic  flows and la c u s tr in e  deposits . As 

much as 250 m o f  the rocks were deposited in  a narrow b e l t  trend ing  south­

west from Union Peak to south o f  Cramer Creek. Northwest o f  Ten M ile 

Creek, the sharp east-west contact between the Paleozoic rocks and the 

v o lc a n ic la s t ic  section suggests a f a u l t  which, i f  ac t ive  during volcanism, 

may have produced a g raben-l ike  basin. W ith in 1 km south o f  th is  contact 

the v o lc a n ic la s t ic  rocks dip to  the northwest, poss ib ly  in  response to 

continued movement along the f a u l t .  The la cu s tr in e  deposits and volcanic 

sandstones found throughout the section also suggest a topographic basin.

Rounded c la s ts  o f  a g lassy, b io t i te -p la g io c la s e  vo lcan ic  rock and 

sub-angular fragments o f  a b io t i te - fe ld s p a r  ash-flow  t u f f  are found 

throughout the v o lc a n ic la s t ic  rocks. The c la s ts  o f  glassy vo lcan ic  rock 

document ex tru s ive  a c t i v i t y  p r io r  to  the formation o f  these sediments.

The sub-angular t u f f  fragments may in d ica te  th a t  formation o f  the 

v o lc a n ic la s t ic  rocks was simultaneous w ith  eruption o f  the ash-flow t u f f .  

Mudflows and sheetwash transported m ateria l from the t u f f  f low  to  the 

s i t e  o f  accumulation o f  the v o lc a n ic la s t ic  sediments. Local overlapping 

o f  the v o lc a n ic la s t ic  rocks by the ash-flow  t u f f  u n i t  continued a f te r

depos it ion  o f  the sediments had ceased (F igure 7).
33
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Erosion inc ised  channels in to  the v o lc a n ic la s t ic  sec t ion , as shown by the 

150 m d if fe re n c e  in  e leva tio n  along the a n d e s ite -v o lc a n ic la s t ic  contact 

south o f  Cramer Creek.

The ash-flow  t u f f  u n i t  is  th ic k e s t  and most extensive east o f 

Mt. Baldy. The la te ra l  and v e r t ic a l  homogeneity o f  the u n i t  suggest a 

s in g le  period o f  e ru p tio n . The flow  leve led p re -e x is t in g  topography, 

in co rp o ra ting  small l i t h i c  fragments in to  i t s  base. As i t  cooled and 

became more p la s t ic ,  jo in t s  developed p a ra l le l  to  the d ire c t io n  o f  move­

ment, p a r t ly  by co n tra c t io n ,  but also by d i f f e r e n t ia l  rates o f  in te rn a l 

advance (McBirney and W ill iam s, 1979, p. 176).

Follow ing ex trus ion  o f  the p y ro c la s t ic  m a te r ia l ,  a viscous c ry s ta l -  

r ic h  r h y o l i te  erupted, probably from an area south o f  Felan Gulch where 

the u n i t  is  th ic k e s t  (F igure 14). Mapping has shown th a t  most o f  the u n i t  

dips away from th is  area. The t u f f  mentioned above may be a p y ro c la s t ic  

precursor o f  these rh y o l i te  f low s, although the s p a t ia l re la t io n s h ip  be­

tween the two un its  is  in d is t in c t  a t best.

Eruption o f  the o l iv in e  basa lt  then f i l l e d  i r r e g u la r i t i e s  in  the 

surface o f  the r h y o l i te ,  as much o f  the basa lt  is  topog raph ica lly  lower 

than the r h y o l i te .  In some places i t  d i r e c t ly  ove r l ie s  the ash-flow  t u f f  

(F igure 9 ).

The b a sa lt  has the g rea tes t areal ex ten t o f  any map u n i t  and is  found 

up to 10 km south o f  the Clark Fork R iver. I t  may be contemporaneous 

w ith  the widespread basa lts  o f  the cen tra l Garnet Range (P. M e js tr ic k ,  

pers. comm., 1982). Amygdaloidal basalts  and abundant scoria  are found 

a t  the head o f  L i t t l e  Bear Creek, where the u n i t  reaches i t s  h ighest
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Figure 14. Isopach map o f  Eocene vo lcan ic  rocks o f  the 
Mt. Baldy - Union Peak area ( in  fee t)
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e le v a t io n ,  but no o ther evidence o f  vent facies was found. The concen­

t r a t io n  o f  b a s a l t ic  lahars a t the lowest (southeast) end o f  the map area 

may have resu lted  from the channeling o f mudflows in to  an Eocene va lle y  

th a t  co incided w ith  the present Clark Fork Va lley.

With the exception o f  the v o lc a n ic la s t ic  rocks and small outcrops 

o f  the ash-flow  t u f f ,  none o f  the u n its  mentioned above are found north 

o f  Mt. Baldy. Consequently, s t ra t ig ra p h ie  re la t io n sh ip s  are unclear 

between these u n its  and the andésite flows which erupted onto the vo lca n i­

c la s t ic  rocks. The andésite as a whole is  topog raph ica lly  h igher than the 

b a s a l t - r h y o l i te  sequence, and a s in g le  hornblende andésite dike 

appears to  cu t the b a sa lt  south o f  Felan Gulch. Throughout the Garnet 

Range, andésite and b a s a l t ic  andésite flows fo l lo w  e ruption  o f  basa lt 

(P. M e js t r ic k ,  pers. comm., 1982). For these reasons, I be lieve  the 

andésite fo llowed e rup tion  o f  the southeastern b a s a l t - r h y o l i te  sequence.

North and northwest o f  Mt. Baldy, a n d e s it ic  volcanism began w ith  the 

e rup tion  o f  the th in  sub po rph y r it ic  hornblende andésite. Although d is ­

continuous and o f  r e la t iv e ly  small areal e x te n t,  the u n i t  in v a r ia b ly  

precedes e rup tion  o f  the voluminous p o rp h y r i t ic  andésite. Laminar flow  

fea tu res and a pauc ity  o f  c la s ts  from the underly ing v o lc a n ic la s t ic  

sediments probably re s u l t  from a r e la t iv e ly  quiescent e rup tion .

Volcanism continued, producing >300 m o f  the p o rp h y r i t ic  b io t i t e -  

hornblende andésite f low s. The lava was probably extruded from f is s u re s ,  

as evidenced by andésite dikes c u t t in g  the Paleozoic and v o lc a n ic la s t ic  

rocks, the widespread but r e la t iv e ly  th in  beds, and the lack o f  voluminous 

p y ro c la s t ic  m a te r ia ls .  The u n i t  a t ta in s  i t s  maximum thickness no rth - 

northwest o f  Mt. Baldy, where a small e rup t ive  center may be present
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(F igure 12 ). Andésites in  th a t  region are lo c a l ly  g lassy, ve s icu la r  and 

amygdaloidal. Small cracks and ves ic les  are f i l l e d  w ith  chalcedony, 

but no b re cc ia t io n  o r obvious hydrothermal a l te ra t io n  is  seen.

The lack o f  a i r - f a l l  deposits associated w ith  th is  o r any other 

u n i t ,  the very minor amount o f  pumice in  the ash-flow t u f f ,  and the pre­

dominance o f  lava flows over p y ro c la s t ic  deposits may s ig n i fy  a r e la t iv e ly  

low v o la t i l e  content fo r  the vo lcan ic  system as a whole (Holloway, 1979).

The dikes o f  p o rp h y r i t ic  plagioclase-hornblende andésite are 

probably associated w ith  the b io t ite -h o rn b lend e  andésite f low s, but 

f i e l d  re la t io n s h ip s  between the two un its  are unclear. The ir p rox im ity  

to  the numerous quartz l a t i t e  dikes may in d ica te  a s h i f t  in  the erup tive  

cen ter north from Mt. Baldy. The p lagioclase-hornblende andésite is  com­

p o s it io n a l ly  gradational between the andésite flows and l a t i t e  d ikes, 

perhaps in d ic a t in g  a co inc iden t change in  composition.

Many o f  the quartz l a t i t e  dikes th a t  cut the layered vo lcan ic  rocks 

now exposed in  the map area were probably feeders to  s t ra t ig ra p h ic a l ly  

h igher lava flows which have been removed by erosion. The dikes passed 

through the v o lc a n ic la s t ic  sediments w ith  a minimum o f  exp losive a c t i v i t y ,  

in d ic a t in g  th a t  the sediments were f a i r l y  l i t h i f i e d  and dry. The dikes 

g ra p h ic a l ly  i l l u s t r a t e  the mode o f  e rup tion  preva len t in  the map area. 

Local east-west extension(?) created conduits along which lava flowed 

to  the surface. Extrusion o f  the pyroxene-bearing l a t i t e  porphyry 

f low  probably preceded most o f  the lava now seen in  the d ikes, as i t  

res ts  d i r e c t ly  on the v o lc a n ic la s t ic  rocks.
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F ie ld  re la t io n s h ip s  show no evidence o f  vo lcan ic  a c t i v i t y  in  the 

Mt. Baldy -  Union Peak area fo l lo w in g  in t ru s io n  o f  the quartz l a t i t e  

d ikes. Table 3 and Figure 15 summarize the vo lcan ic  s tra t ig ra p h y  and 

age dates o f  the Mt. Baldy - Union Peak area.



Cross -  Sections Showing F ield  Relationships of FWp Un it s
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Table 3.

U n it Volcanic S tra t ig raphy Age Dates

TIF - caps Union Peak
- probably remnant o f  flows extruded 

from quartz  l a t i t e  dike swarm
47.4 + 1 . 6  m.y.

Tqlp - N-S-trending dike swarm centered 
around Union Peak

- in trudes every u n i t  in  the map area

Tpha - iso la te d  dikes in  Union Peak area
- poss ib le  gradation between Tbha u n it  

and Tqlp u n it

Tbha -  r e s t r ic te d  to  northwestern h a l f  o f
map area

-  flows th ic k e s t  Immediately north o f 
Mt. Baldy

-  flows o v e r l ie  v o lc a n ic la s t ic  rocks but 
____________________topog raph ica lly  h igher than bimodal sequence

Tha - Thin f low  precedes eruption o f
___________________ p o rp h y r i t ic  b io t ite -h o rn b lend e  andésite_____

Tb/Tpa “ poss ib ly  re la ted  to  voluminous basa lt - 44.9 + 2.0 m.y
b a s a l t ic  andésite flows found northeast 
o f  the map area 

- f i l l e d  i r r e g u la r i t i e s  in  the rh y o l i te  
f 1ows_____________________________ _____

46.7 + 2.5 m.y

Tr - viscous f low  created i r r e g u la r  topo­
graphy

- c ry s ta l t u f f ( ? )  44.5 +. 2.0 m.y
- re s t r ic te d  to  southeastern h a l f  o f

___________________ map area__________ ____________________________________
T f t  -  po ss ib ly  erupted from area between Bear

Creek and L i t t l e  Bear Creek
-  f la t te n e d  p re -e x is t in g  topography
- poss ib ly  p y ro c la s t ic  precursor o f  the

____________________rh y o l i te  porphyry ______________________________ ___
Tvc - contains c la s ts  o f  pre-map u n i t  vo lcan ic  rock

- represents a gradation in  e p ic la s t ic -  
p y ro c la s t ic  processes

- poss ib ly  shed from ash-flow  t u f f  u n it .



CHAPTER IV 

CONCLUSION

The Mt. Baldy - Union Peak study area is  located on the western 

edge o f the f issu re -e ru p te d  b a sa lts , b a s a l t ic  andésite, andésites, and 

dacites which comprise the middle Eocene vo lcan ic  rocks o f  the Garnet 

Range. The map area contains a sequence o f  h igh ly  va r iab le  l i th o lo g ie s  

th a t  erupted in to  an e a r ly  T e r t ia ry  paleochannel th a t  probably drained 

southeast toward the present town o f  Bearmouth.

In the southeast h a l f  o f  the map area, eruption o f a f e ls i c  pyro- 

c la s t ic  u n i t  may have shed m ate ria l to  the northwest, where vo lcan i-  

c la s t i c  sediments accumulated in  a northeast-southwest-trend ing va l le y  

in  the Paleozoic sedimentary rocks. A rh y o l i te  porphyry th a t  o ve r lies  

the p y ro c la s t ic  u n i t  probably erupted lo c a l ly ,  whereas patches o f  

o l iv in e  ba sa lt  and pyroxene andésite may have overlapped from a source 

o f  voluminous basa lt  -  b a s a l t ic  andésite flows northeast o f  the map 

area (M e js t r ic k ,  1982, pers. comm.).

Volcanic a c t i v i t y  a t the southeast end o f  the map area probably 

ceased a f te r  e rup tion  o f  the f e ls i c  sequence. The overly ing  hornblende 

andésites are re s t r ic te d  to  the northwest h a l f  o f  the map area. They 

may have o r ig in a te d  immediately north o f  Mt. Baldy, where they are 

th ic k e s t .  I f  so, th is  s h i f t  in  the e ru p tive  center was co inc iden t w ith  

the change from f e ls i c  to  in term edia te-com position lavas.

The p o rp h y r i t ic  p lag ioclase-hornb lende andésite dikes are only 

found lo c a l ly  but they mark an in te re s t in g  te x tu ra l  and chemical

41
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gradation  between the p o rp h y r i t ic  b io t ite -h o rn b lend e  andésite flows 

and the quartz  l a t i t e  d ikes. Deta iled sampling o f  the andésites fo r  

geochemical ana lys is  w i l l  be necessary to show trends in d ic a t iv e  o f  

magma d i f f e r e n t ia t io n .

The quartz l a t i t e  dike swarm trends north-south and is  most evident 

in  the Union Peak area, although i t  in trudes every vo lcan ic  u n i t  in  the 

map area. Work by Brenner (1964) and Montgomery (1958) ind ica tes  th a t 

s im i la r  in t ru s iv e  u n its  extend out o f  the map area. This may also be 

tru e  fo r  the s t ru c tu ra l  environment responsib le fo r  the perferred 

o r ie n ta t io n  o f  the d ikes. A dd it iona l f i e l d  work is  necessary to es­

ta b l is h  re la t io n s h ip s  between d i f fe r e n t  map un its  and t h e i r  associated 

e ru p t ive  centers.

D is t in c t  l in e a r  trends in  major-element geochemistry probably 

re s u l t  from expected chemical v a r ia t io n s  in  the wide range o f  rock types. 

However, the in t im a te  temporal and s p a t ia l re la t io n s h ip  o f  the un its  

suggests a common o r ig in .
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APPENDIX I

GEOCHEMISTRY

Volcanic rocks o f  the Mt. Baldy -  Union Peak area range in  com­

p o s it io n  from b a s a l t ic  andésite to  r h y o l i te .  Table 4 contains 20 

whole rock chemical analyses from the study area. A l l  are X-ray 

fluorescence analyses performed by the Department o f  Geology, Washington 

State U n iv e rs ity .  The composition o f  average c a lc -a lk a l in e  b a s a lt ic  

andésite , hornblende andésite , d a c ite ,  and rh y o l i te  are included fo r  

comparison (Hyndman, 1982, p. 269).

Analyses o f  the o l iv in e  basa lt in d ica te  a composition c lose r to  a 

b a s a l t ic  andésite. This may be due to  the degree o f  weathering and 

a l te ra t io n  o f  the o l iv in e  phenocrysts, re s u lt in g  in  an increase o f  

SiOg and dep le t ion  o f  FeO.

Two o f  the hornblende andésites (GR-66a and 79A) appear d a c i t ic  in  

composition. They are not s p a t ia l ly  re la te d ,  and may represent more 

s i l i c i c  pulses in  the erup tion  o f  th is  u n i t  o r  loca l hydrothermal a l ­

te ra t io n .  The high SiO^ percentage o f  quartz l a t i t e  sample GR-155A 

may re s u l t  from the numerous quartz anhedra in  the sample.

The rocks as a whole are anomalously high in  K̂ O compared w ith  

Hyndman's (1982) average c a lc -a lk a l in e  vo lcan ic  rocks. This trend is  

s im i la r  to  th a t  seen in  the Eastern Absaroka e rup tive  b e l t  (Rubel,

1971) and probably resu lted  from generation o f  the rocks in  an env iron­

ment th a t  lead to  high K̂ O content. No model is  proposed, although the
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p ro x im ity  o f  the le u c i te  basa lt  plug h in ts  o f  contamination o f  the 

vo lcan ic  rocks by an e a r ly  a lk a l ic  system.

The percentage o f  major elements such as FeO^°^, AlgO^, CaO, MgO, 

and TiOg show d i s t i n c t  inverse re la t io n sh ip s  w ith  s i l i c a  percentages 

(F igure 16). Elements which show these l in e a r  trends may be considered 

to  have a common d e r iv a t io n  along the l iq u id  l in e  o f  descent (Wilcox, 

1979). However, major-element v a r ia t io n s  fo r  the w ide ly  va r iab le  

l i th o lo g ie s  in  the study area should y ie ld  l in e a r  trends simply in d i ­

c a t ive  o f  t h e i r  chemical d if fe re n ce s . More extensive chemical studies 

o f  the change in  composition between un its  is  necessary to es ta b lish  

d i f f e r e n t ia t io n  trends and comagmicity.

Figure 17 is  a combined p lo t  o f  CaO and Na^O + K2O versus SiO^.

The value o f  S i02 a t  which these two trends in te rs e c t ,  the Peacock Index, 

has been used by Turner and Verhoogen (1960, p. 48) to  d i f fe r e n t ia te  

between magmatic su ite s . This a lk a l i - l im e  index fo r  the Mt. Baldy - 

Union Peak rocks is  approximately 54% S i02» or a lk a l i - c a lc ic .  This 

index may be a r t i f i c a l l y  low, due to  the high percentage o f  K2O in these 

rocks.

Figure 18 is  an A-F-M diagram showing the lack o f  Fe-enrichment 

in  the Mt. Baldy -  Union Peak vo lcan ic  rocks. This trend is  ty p ic a l 

o f  the c a lc -a lk a l in e  assoc ia tion  (Hyndman, 1982).

Normative mineralogy o f  the samples was determined using a 

CIPW computer program from Dartmouth College. The re s u lts  are shown 

in  Table 5, and Figure 19 shows a p lo t  o f  normative quartz -o rthoc lase - 

p lag ioc lase  f o r  the map u n i ts .  The K -r ich  nature o f  the rocks is  

ev iden t in  the r e la t i v e ly  high percentage o f  normative orthoclase.



Table 4. Geochemistry

Sample
# Unit

SiOg AI2O3 TiOg ^^2^3 FeO MNO CaO MgO KgO NagO ^2^5

44A T f t 79.52 11.58 0.11 0.33 0.37 0.01 0.43 0.25 4.46 2.93 0.02
54A Tha 57.45 17.97 0.83 3.01 3.45 0.09 5.92 3.00 3.17 4.61 0.49
56A Tbha 60.95 16.12 0.78 2.81 3.21 0.04 4.99 2.65 4.06 3.89 0.05
66A Tbha 67.18 15.71 0.54 1.84 2.10 0.02 3.75 0.93 3.30 4.24 0.39
79A Tha 66.07 16.25 0.57 1.86 2.13 0.02 3.53 1.51 3.41 4.36 0.29
82A Tb 56.30 16.50 1.72 3.63 4.16 0.08 5.61 4.11 2.86 4.55 0.49
88A Tb 59.35 16.05 0.69 2.93 3.36 0.06 5.95 4.96 2.58 3.80 0.29
94A Tr 78.10 12.29 0.10 0.15 0.17 0.01 0.15 0.21 5.15 3.61 0.05
98A KTap 50.50 10.99 2.38 4.09 4.68 0.13 9.48 8.04 6.48 2.21 1.03

lOlA Tpa 61.82 16.30 1.00 2.85 3.27 0.08 4.48 2.77 2.96 4.23 0.25
108A Tbha 60.12 14.15 0.86 3.04 3.48 0.15 5.87 4.55 3.43 3.79 0.56
114A T l f 63.35 17.19 0.66 2.20 2.52 0.06 3.58 2.15 4.13 3.83 0.35
121B Tbha 59.13 13.93 0.92 2.86 3.28 0.08 6.63 5.24 3.46 3.87 0.59
150A Tbha 58.80 14.90 0.82 2.87 3.29 0.09 6.07 5.30 3.65 3.70 0.51
155A Tqlp 73.04 14.33 0.32 0.83 0.95 0.03 1.49 0.86 4.85 3.18 0.12
157A Tqlp 67.57 16.07 0.52 1.52 1.75 0.04 2.65 1.48 4.37 3.78 0.25
172B T ft 76.44 12.78 0.11 0.24 0.27 0.02 0.15 0.28 6.98 2.68 0.04
172C T f t 80.79 10.70 0.10 0.08 0.09 0.00 0.30 0.30 5.22 2.39 0.03
181A Tpha 62.73 16.75 0.72 2.20 2.52 0.06 4.44 2.15 3.98 4.04 0.42
204B T f t  

*basa lt ic

76.21 13.43 0.12 0.25 0.29 0.02 0.70 0.58 6.09 2.30 0.01

andésite
*hornblende

53.40 17.60 0.90 3.30 6.10 0.17 9.30 4.80 0.75 2.80 0.17

andésite 59.20 16.90 0.70 2.90 3.30 0.13 6.40 3.50 1.80 3.70 0.23
*d ac ite 65.10 16.30 0.70 2.20 2.60 0.11 4.30 1.60 2.10 4.20 0.19
* rh y o l i te  74.40 13.20 

*Hyndman ( in  prep), p. 269

0.30 1.10 1.00 0.07 1.30 0.37 3.70 4.10 0.06

-p»
CO
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Unit: T f t Tha Tbha Tbha Tha Tb Tb Tr KTap Tpa
44A 54A 56A 66A 79A 82A 88A 94A 98A lOlA

Q 47.17 3.40 10.99 23.40 19.96 3.37 9.34 39.69 — 13.92
Or 24.37 17.92 22.85 18.49 19.10 16.07 14.23 28.29 35.49 16.64
Ab ' 24.33 39.61 33.27 36.10 37.11 38.86 31.86 30.14 4.11 36.02
An 1.85 18.16 13.85 13.36 13.93 15.37 17.85 0.39 0.86 15.86
Ne — — — — — — — — 7.14 —

Di 6.88 6.69 1,87 0.87 8.07 7.94 — 36.51 3.68

Hy

He

1.04 9.13 7.73 3.59 5.97 11.41 14.69 0.71 — 9.37

Table 5. 01 — — — — w — , — 6.72 —

Normative Mt 0.27 2.51 2.33 1.52 1.54 3.01 2.38 0.12 3.30 2.35

Mineralogy I I 0.18 1.38 1.29 0.89 0.94 2.85 ■ 1.12 0.16 3.84 1.65
Ap 0.04 1.00 0.99 0.79 0.58 0.99 0.57 0.10 2.03 0.50
C 0.76 0.40 — —

108A 114A 1218 150A 155A 157A 1728 172C 181A 2048

Q 9.67 16.07 6.45 6.07 34.44 23.21 36.33 48.99 13.69 40.21

Or 18.93 23.29 18.98 20.11 26.91 24.48 38.70 28.43 22.39 33.67

Ab 31.79 32.82 32.26 30.98 26.82 32.18 22.59 19.78 34.54 19.33

An 10.72 14.77 9.68 12.37 6.21 10.92 0.45 1.19 15.06 3.19

Ne

Di 13.08 17.29 12.60 — — — — 3.33 —

Hy 10.83 8.92 10.38 13.19 3.37 6.02 1.06 0.95 7.15 2.04

He — —- — — — — 0.03 —

Ul

Mt 2.47 1.83 2.31 2.33 0.68 1.26 0.20 — 1.83 0.20

I I 1.40 1.10 1.49 1.33 0.52 0.86 0.18 0.16 1.19 0.20

Ap 1.11 0.71 1.16 1.01 0.24 0.50 0.08 0.06 0.85 0.02

C — 0.49 — — 0.91 0.58 0.41 0.41 — 1.15

Unit: Tbha T l f Tbha Tbha Tqlp Tqlp T f t T f t Tpha T ft

en
en



Key to  P la te 2 

Pre-Cenozoic Sedimentary Rocks

Cretaceous Kk Kootenai Fm.

Ju rass ic  . Jm Morrison Fm.
.Je E l l i s  Group

Permian Pp Phosphoria Fm.

Penn. IPg Quadrant Fm.

Miss. IPa Amsden Fm.
Mm Madison Group

Devonian fw Je ffe rson  Fm.
,Dm Maywood Fm.
'Cr Red Lion Fm.

Cambrian Ch Hasmark Fm.
Xs S i lv e r  H i l l  Fm.
'pCp P ilch e r  Fm.

Pre-Cambrian <pCg Garnet Range Fm.
pCmc McNamara Fm.

*see P la te 1 fo r  key to  Eocene vo lcan ic  
rocks and Cretaceous in t ru s iv e  rocks 

Scale 1 : 24,000

— No v e r t ic a l  exaggeration —
S tru c tu re  in  the pre-Cenozoic rocks a f te r  

Kauffman (1963)
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