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ABSTRACT

Alleman, David G., Win ter ,  1983 Geology

Stra t ig raphy  and Sedimentation o f  the Precambrian Revett 
Formation, Northwest Montana and Northern Idaho

D irec to r :  Don Winston

The Revett Formation o f  the Middle Proterozoic  Be l t  Supergroup 
can be u s e fu l l y  d iv ided in to  informal lower, middle, and upper 
members which can be corre la ted  throughout the study area. The 
lower Revett is  dominated by th ic k  beds o f  clean, f ine -gra ined  
q u a r tz i te  which is  most commonly f la t - la m in a te d  or cross­
s t r a t i f i e d .  The middle Revett is  composed o f  th in ly - la m in a te d  s i l t i  
and a r g i l l i t e  w i th  only occasional th in  interbeds o f  clean 
q u a r tz i te .  Laminae in  the s i l t i t e  are c h a r a c t e r i s t i c a l l y  wavy 
and l a t e r a l l y  discont inuous. The upper Revett comprises 
i n t e r s t r a t i f i e d  in te rv a ls  tens o f  meters th ic k  o f  both clean, 
f ine -gra ined  q u a r tz i te  and th in ly - lam ina ted  s i l t i t e - a r g i 11i t e .

Quar tz i te  beds in  the Revett  Formation are ta b u la r  and 
l a t e r a l l y  p e rs is te n t ,  and lack channels or l a t e ra l  accre t ion 
surfaces. Unchannelized, l a t e r a l l y  unconfined sheet- f loods are 
in te rp re ted  as the major depos i t iona l  mechanism. Paleocurrent 
trends ind ica te  dominant ly north-northeastward sediment t ranspor t .  
Regional s t ra t ig ra p h ic  trends support t h i s  i n t e rp r e ta t io n .  Latera l  
and d is t a l  v a r ia t io n  in  sheet- f lood deposits are represented in 
s t r a t i g ra p h ic  sections by changing ra t io s  o f  clean q u a r t z i t e  to 
s i l t i  t e . V e r t ica l  sequences o f  th icken ing ,  th in n in g ,  or 
th ickening then th inn ing  o f  q u a r tz i te  beds represent abandonment, 
progradat ion, or s h i f t i n g  o f  depos i t iona l  lobes.

Southward s t ra t ig ra p h ic  th ickening in  the upper Revett across 
the Jocko l i n e ,  a proposed down-to-the-south syndeposit ional 
growth f a u l t  (Winston, 1982), i s  not abrupt enough to be c le a r l y  
re la ted  to ac t ive  f a u l t i n g  during depos i t ion. A southward- 
th ickening sediment wedge or s t ru c tu ra l  displacement o f  th i c k  
next to th in  s t r a t i g ra p h ic  sect ions may be b e t te r  explanat ions o f  
the observed thickness changes.
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CHAPTER I 

INTRODUCTION

Fine-grained terr igenous and carbonate rocks of the B e l t -  

Purcel l  Supergroup o f  northwest Montana, northern Idaho, northwest 

Washington, and southern B r i t i s h  Columbia were deposited during the 

Middle Proterozoic in a broad northwesterly- trending basin (F ig. 1). 

Four major s t ra t ig ra p h ic  d iv is ions  recognized across most o f  the 

Bel t basin are the Prichard Formation, the Raval l i  Group, the middle 

Bel t  carbonate in te r v a l ,  and the Missoula Group (Harrison, 1972).

The Revett Quartz i te ,  f i r s t  described and named fo r  exposure around 

Revett Lake by Ransome (1905) and formal ly  designated the Revett 

Formation in 1963 by Harrison and Jobin, l ie s  in  the middle Raval l i  

Group, s t r a t ig ra p h ic a l l y  above the s i l t i t e  and qu a r tz i te  o f  the 

Burke Formation and below the a r g i l l i t e  o f  the St. Regis Formation 

(Fig. 2). Harrison (1972) summarizes many important aspects o f  Belt  

geology and discusses Revett d i s t r ib u t io n  and co r re la t io n .  Harrison 

and others (1974b, 1980) and Winston (1982) provide exce l len t  summaries 

o f  the de ta i ls  and problems o f  Belt  s t ruc tu ra l  geology. Winston 

(1982) proposes that  during the Middle Proterozoic the continental  

crust  of the Bel t  basin was cut in to  blocks by three nearly east- 

west-trending v e r t i c a l  f a u l t  zones and at least  one northwest 

trending f a u l t  zone (Fig. 3). Bounding the northernmost Chario 

block on the south is  the Jocko l ine  which moved down-to-the-south

1
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during Bel t  deposit ion. Winston contends tha t  southward s t r a t i -  

graphic thickening across the Jocko l i n e  onto the Ovando block can be 

in terpreted as a d i r e c t  re s u l t  o f  syndeposit ional g row th- fau l t ing .  

Harrison (1972) also shows tha t  Belt  thicknesses are greatest south 

o f  the Jocko l i n e  in the Coeur d'Alene Trough (Harrison and others, 

1974b). The Osburn-St. Marys f a u l t ,  generated by Cenozoic extension, 

pa ra l le ls  and is  a younger expression o f  the Jocko l i n e .  Precambrian 

down-to-the-south movement along the Jocko l i n e  caused soft-sediment 

slumps and southward s t ra t ig ra ph ic  thickening in the lower Prichard 

Formation (Webster, 1981). The reoccurrence o f  slumps and southward 

thickening in the St. Regis Formation (Chevi l lon, 1977) in the 

Coeur d'Alene D i s t r i c t  supports an in te rp re ta t io n  o f  syndeposit ional 

growth fa u l t in g  in the Revett Formation south o f  the Jocko l in e .

White, Winston, and Jacob (1977) and White and Winston (1982) 

subdivide the Revett Formation near Kel logg, Idaho in to  lower, 

middle, and upper members. This study appl ies th e i r  s t ra t ig ra ph ic  

framework along the Jocko l ine  from Wallace, Idaho as f a r  east as 

St. Regis, Montana and north to Thompson Fa l ls ,  Montana and u t i l i z e s  

i t  as a guide fo r  id e n t i f y in g  thickness changes w i th in  the Revett 

Formation. Further, a deposit ional model is in terpreted from de­

sc r ip t ion  o f  s t ra t ig ra ph ic  de ta i l  o f  each member. Measured section 

thicknesses are used to determine i f  Precambrian growth- fau l t ing  along 

the N82W-trending Jocko l ine  (Winston, 1982) could be responsible 

fo r  s t ra t ig ra ph ic  thickening to the south. Geographic d i s t r ib u t io n  

of th ick  and th in  measured sections helps place l im i t s  on the o r ien­

ta t io n  o f  the proposed growth- fau l t .  In e f f e c t ,  does the proposed
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Jocko l i n e  s ep a ra t e  t h i n  and t h i ck  s e c t i o n s ?  What o t h e r  o r i e n t a t i o n s  

could such a f a u l t  assume and s t i l l  account  f o r  the  observed t h i c k ­

ness changes?

In o rde r  to  document the  presence and magnitude of  t h i ckness  

changes in the  Revet t  Format ion,  s t r a t i g r a p h i c  s e c t i o n s  were measured 

wi th a J a c ob ' s  s t a f f  and Brunton compass and desc r ibed  a t  a s c a l e  of  

1" = 10'  in the  f i e l d .  Figure 4 shows the  l o c a t i o n  o f  t hese  s ec t i on s  

and t h e i r  proximi ty  to the  Jocko l i n e .





CHAPTER I I  

ROCK-TYPES

General Statement

Rock-types o f  the Revett Formation can be defined by grain s ize,  

sedimentary s t ruc tures ,  textures,  co lo r ,  and composition. Rock- 

types and sub-types are described in th is  chapter and in te rpre ted in 

terms of deposit ional processes. Sedimentary environments are i n t e r ­

preted in a pre l im inary way through analysis o f  deposit ional processes. 

In the fo l low ing chapter ind iv idua l  rock-types are in tegra ted in to  a 

s t ra t ig ra ph ic  framework to re f ine  paleoenvironmental in te rp re ta t io n  

o f  the whole Revett Formation.

Rocks of the Revett Formation, as have a l l  lower Bel t  u n i ts ,  

have undergone at least  bur ia l  metamorphism (Norwick, 1972). In the 

southwest port ion o f  the study area, b i o t i t e  grade greenschist facies 

metamorphism is  apparent in more a r g i l l i t i c  rocks. Considering 

metamorphic grade and indura tion o f  these rocks and t h e i r  tendency to 

break across sedimentary grains I use the terms qu a r tz i te ,  s i l t i t e ,  

and a r g i l l i t e  in describing the rocks ra ther than sandstone, s i l t s to n e ,  

and mudstone. The term a r g i l l i t e  re fers to a s l i g h t l y  metamorphosed 

rock composed of mainly c lay-s ized grains whereas s i l t i t e  re fers to a 

s l i g h t l y  metamorphosed rock composed o f  mainly s i l t - s i z e d  grains 

Harrison and Campbell (1963). This usage is in accord with Harrison
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and Jobin (1963) and also with terminology used in publications

concerning Belt rocks.
The three rock-types of the Revett Formation as identified here 

are 1) the vitreous white quartzite rock-type; 2) the silty quartzite 
rock type; and 3) the thinly-laminated si 1tite-argi11ite rock-type.
The vitreous white quartzite rock-type is divided into a flat laminated 
sub-type, a cross-stratified sub-type, and a ripple cross-laminated 
sub-type. The silty quartzite rock-type includes a continuum of rock- 
types ranging from silty quartzite to sandy siltite which is most 
commonly massive. The most common sedimentary structures are ripple 
cross-lamination and flat lamination. The thinly-laminated siltite- 
argillite rock-type is composed of siltite, argillite, and intricate 
mixtures of these two size grades as laminae and as grains.

Interbeds of the vitreous white quartzite and silty quartzite 
rock-types form the lower Revett and intervals of the upper Revett.
The thinly-laminated si 1tite-argi11ite rock-type dominates the middle 
Revett and composes intervals in the upper Revett.

Vitreous White Quartzite Rock-Type 
General Description

The vitreous white quartzite rock-type is composed of well-sorted, 
subrounded, coarse-silt to medium-grained quartz and feldspar sand 
grains. It is white, very light green, or light grey on both weathered 
and fresh surfaces. Individual beds and sets of beds range from 5 to 
300 cm thick and average 30 to 80 cm thick. Upper and lower surfaces
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are remarkably pa ra l le l  and nearly f l a t ,  forming very tabular  beds 

that  can be traced along outcrop fo r  more than 100 m where exposure 

permits. Fla t bases o f  some beds are erosional whereas most are de- 

pos i t iona l  surfaces. The top 3 to 10 cm o f  some beds subt ly  f ines 

upward by an increase in  the s i l t  and clay matr ix  between the sand 

grains. Since the o r ig ina l  clay is  now phengite or s e r i c i t e  (Steve 

Herndon, pers. comm.), the f in in g  upward sequences are re f lec ted  by 

a s l i g h t  darkening in co lo r  which corresponds to the increase o f  i ron 

contained w i th in  the f i n e r  sediment. A d iscre te  th in  a r g i l l i t e  layer 

ranging from a veneer to a layer 0.5 cm th ick  commonly caps these 

graded sequences. Rounded a r g i l l i t e  chips 0.1 to  0.5 cm th ick  and 0.3 

to 2.0 cm long are incorporated in some quar tz i te  beds as scattered 

matrix-supported c lasts  with long axes oriented pa ra l le l  to bedding. 

A r g i l l i t e  c lasts  occur more commonly as iso la ted grains than concen­

t ra ted in layers. Three sub-types o f  the v i treous white quar tz i te  

rock-type can be recognized and are described below.

Flat-Laminated Quartz i te  Sub-type 

Descri pt ion

The f la t - lam ina ted  quar tz i te  sub-type is  the most common 

l i th o lo g y  of the Revett as well  as the most common sub-type o f  the 

vitreous white qu a r tz i te ,  forming well  over ha l f  o f  the f ine-gra ined 

quar tz i te  in the formation. This sub-type is characterized by tabu lar ,  

l a t e r a l l y  continuous beds with even horizontal laminae from 1.0 to 

2.0 mm th ick  which are l a t e r a l l y  continuous over tens of meters. Dark
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laminae only several grain diameters th ic k  which r e f l e c t  small 

magnetite and i lmen i te  concentrat ions a l te rna te  w i th  magneti te-f ree 

l i g h t  laminae. The bases o f  most beds, although sharp, are planar 

deposit ional surfaces and only occasional beds have scoured bases.

Some beds f in e  upward by incorporating c lay and are occasional ly  capped 

by th in  desiccation-cracked a r g i l l i t e  layers (Fig. 5a) sharply over- 

la in  by the succeeding bed, most commonly a bed o f  the s i l t y  qua r tz i te  

rock-type less than one to ten cm th ick .  General ly, beds o f  f l a t -  

laminated quar tz i te  are sharply over la in  by beds o f  s i l t y  quar tz i te  

with l i t t l e  evidence o f  a gradation separating them (Fig. 5b). Bed 

boundaries w i th in  sets o f  f la t - lam ina ted  qu a r tz i te  beds are 

occasional ly  marked by a r g i l l i t e  veneers less than several mm th ick .  

Bedding surfaces in f requen t ly  e xh ib i t  part ing l ine a t io n  which para l ­

le ls  dip d i re c t io n  o f  cross s t ra ta  o f  the c r o s s - s t r a t i f i e d  sub-type.

In te rp re ta t ion

The f la t - lam ina ted  quar tz i te  sub-type represents upper flow 

regime, plane bed deposit ion o f  t ra c t io n  load sediment on broad f l a t  

surfaces. Since the grain size is  medium to very f in e ,  much o f  the 

sand may have been carr ied in suspension as well  as in t ra c t io n .  Lack 

o f  i r r e g u la r i t i e s  on plane beds imparted great la te ra l  con t inu i ty ,  

sharp planar boundaries, and p a ra l le l -ho r izo n ta l  o r ien ta t ion  to 

ind iv idual  lamina. Hydrologic segregation o f  bed load in to  magneti te/ 

i lm en i te - r ich  and poor laminae formed f l a t  horizontal laminae and 

o r ien ta t ion  o f  long grain axes pa ra l le l  to f low d i re c t io n  formed part ing 

l inea t ion  (A l len ,  1964).
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  s i l t y  q u a r t z i t e ;  massive or
r i p p le  cross- laminated

f l a t - l a m in a te d  q u a r t z i t e  w i th  
increas ing entrapment o f  s i l t  
and c lay  in  upper par t

—  J
Figure 5a. F la t- laminated q u a r t z i t e  w i th  increas ing s i l t

and c lay  in  upper par t  sharply  o ve r la in  by s i l t y  
quar tz i  te.

s i l t y  q u a r t z i t e ;  massive or 
r i p p le  cross- laminated

f l a t - la m in a te d  q u a r t z i t e

Figure 5b. F la t- laminated q u a r t z i t e  sharply  ove r la in  by 
s i l t y  q u a r t z i t e .
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Finer upper parts o f  the beds record increasing clay entrapment 

as ind iv idua l  f low events slowed, fol lowed by deposi t ion o f  suspended 

clay from shallow standing water to form a r g i l l i t e  caps. Absence of 

lower f low regime r ipp le  cross-laminae d i r e c t l y  above upper f low regime 

f la t - lam ina ted  vi treous qua r tz i te  w i th in  a s ingle deposit ional  bed 

indicates tha t  f low waned rap id ly  at the end o f  most f low events 

(Tunbridge, 1981) and depth decreased to nearly zero. Desiccation 

cracks ind ica te per iod ic  subaerial exposure. The absence o f  f i n in g -  

upward sequences and a r g i l l i t e  caps in some beds plus the presence 

of rounded a r g i l l i t e  c lasts  in other beds r e f l e c t  minor scour and 

reworking, although reac t iva t ion  surfaces are d i f f i c u l t  to  p inpoin t  

due to t h e i r  planar horizontal configurat ion pa ra l le l  to bedding and 

lamination. Extensive f la t - lam ina ted  sand beds very s im i la r  to th is  

Revett sub-type were deposited by a large f lood at Bi jou Creek, Colorado 

in a period o f  only several hours (McKee and others, 1967). Descrip­

t ions of s im i la r  modern sheet f lood events and deposits include those 

by Scott and others (1969), Frost ick and Reid (1977), Picard and High 

(1973), and Will iams (1971).

Cross-Stra t i f ied  Quartz i te Sub-type 

Descript ion

Para l le l  planar upper and lower bed boundaries define very 

tabular quar tz i te  beds o f  the c ro s s -s t ra t i f i e d  sub-type which pers is t  

l a t e r a l l y  f o r  many tens o f  meters. This sub-type consists o f  medium- 

to very f ine-gra ined sand and composes 15 to 35 percent o f  the v it reous
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whi te  q u a r t z i t e  r oc k- t ype .  I t  i s  t he  most d i s t i n c t i v e  and commonly- 

mentioned l i t h o l o g y  o f  t he  Revet t  Format ion.  Both s o l i t a r y  s e t s  and 

ind i v i dua l  s e t s  o f  c r o s s - s t r a t a  w i t h i n  c ose t s  range from 15 to  100 cm 

and average 25 to  40 cm t h i c k .  V e r t i c a l  s t a c k in g  o f  two o r  more c ros s  

s t r a t a  s e t s  i s  common and forms p l ana r  c ross  s t r a t i f i c a t i o n  c ose t s  

varying from 50 t o  300 cm and averaging  100 cm t h i c k  (Fig .  6 a ) .  Lower 

boundar ies  of  c ose t s  o f  p l a n a r  c r o s s - s t r a t a  a r e  p l a n a r ,  e s s e n t i a l l y  non- 

e ros iona l  s u r r a c e s  l a t e r a l l y  cont inuous  f o r  a t  l e a s t  many t ens  o f  me te r s .  

Contacts  between v e r t i c a l l y - s t a c k e d  p l a na r  c r o s s - s t r a t a  s e t s  a r e  sharp 

s u r f a ce s  which h o r i z o n t a l l y  t r u n c a t e  under ly ing  f o r e s e t  beds.  Grouped 

cose t s  commonly form complete q u a r t z i t e  beds e x c l u s i ve  o f  any o t h e r  

rock- type  (Fig.  6a ) .  S o l i t a r y  s e t s  o f  s imple c r o s s - s t r a t a  commonly 

occur  a t  the  base o f  and w i t h i n  t h i c k e r  sequences o f  f l a t - l a m i n a t e d  

q u a r t z i t e  (Fig.  6b) .  Tangent i a l  c r o s s - s t r a t a  f o r e s e t s  dip 15 to 25 

degrees  wi th r e s p e c t  to bedding.  Cross s t r a t a  d ips  a r e  unimodal and 

i n d i c a t e  g e n e r a l l y  n or th - no r t he as twa rd  sediment  t r a n s p o r t  (Hrabar ,

1971; Bowden, 1977).  Bimodal o r  her r ingbone c r o s s - s t r a t a  a r e  not  

apparen t  from f i e l d  o bs e r v a t i o n .  Ve r t i c a l  g r a da t i on  from t he  p lana r  

c r o s s - s t r a t i f i e d  to  the  f l a t - l a m i n a t e d  rock- type  o v e r l a i n  by s i l t y  

q u a r t z i t e  forms a l a r ge  p r opor t i on  o f  the  lower Revet t  and q u a r t z i t e  

i n t e r v a l s  o f  the  upper Reve t t .

I n t e r p r e t a t i o n

Down-current  mig r a t i on  o f  s t r a i g h t -  to  s l i g h t l y  s inuous  -  c r e s t e d  

sand waves c h a r a c t e r i s t i c  o f  the  upper p a r t  o f  the  lower flow regime
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Figure 6a. Planar c ro s s -s t ra ta  w i th  tangen t ia l  fo rese ts  in  
ta b u la r  beds. Set and coset terminology a f t e r  
McKee and Weir (1953).

Figure 6b. Simple c ro ss -s t ra ta  w i th  tangent ia l  fo rese ts  in  
ta b u la r  bed ove r la in  by f la t - l a m in a te d  q u a r t z i t e
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(Harms and others , 1975) across nearly f l a t  surfaces deposited the 

planar c ro s s -s t ra t i f i e d  sub-type. Sand avalanches down s l ip faces 

formed foreset beds, the only pa r t  o f  the bedform commonly preserved. 

The thickness o f  ind iv idua l  sets o f  cross s t ra ta ,  which r e f l e c t  the 

minimum bedform he ight,  in combination with  several other parameters, 

allows an approximate reconstruct ion o f  paleoflow depths probably 

more than 1.5 times cross s t ra ta  thickness (Jopl ing,  1966). Thus the 

average 25 to 40-cm th ick  cross s t ra ta  ind ica te  paleo f low depths of 

approximately 35 to 60 cm or more. Tangential foreset  beds are due to 

bui ldup o f  lower foreset slopes by sediment f a l l i n g  from suspension 

more ra p id ly  than sediment avalanching down the s l ip fa c e ,  and may 

ind ica te a large amount o f  sediment in  suspension (Jopl ing,  1965). 

Foreset dips o f  15 to 25 degrees common in the Revett are ind ica t ive  

of r e la t i v e l y  high v e lo c i t ie s  (Jopl ing, 1966). Stacked sets o f  un i-  

modal cross s t ra ta  not separated by argi l laceous laminae record down­

stream migrat ion o f  sand waves over foresets o f  adjacent preceeding 

sand waves (Fig. 6a) during s ingle major f lood events. Conversely, 

upward t ra n s i t io n  from cross s t ra ta  to f l a t  lamination and/or r ip p le  

cross-lamination over la in  by s i l t y  qua r tz i te  records waning of one 

flow event (Fig. 6b).

Ripple Cross-Laminated Quartzi te  Sub-type 

Descri pt ion

This minor sub-type comprises clean quar tz i te  containing e i the r  

asymmetrical r ipp le  cross-laminae or r ipp le  d r i f t  laminae. Ripple 

d r i f t  laminae bu i ld  percept ib ly  upward from deposit ional horizontal
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at varying angles, whereas r ip p le  cross-laminae bu i ld  upward a t  very 

low angles or do not bu i ld  upward at a l l .  Foreset laminae 1.0 to 

3.0 cm high wi th  3.0 to 10.0 cm wavelengths dip 15 to 25 degrees to 

overa l l  bedding. Ripple d r i f t  cross-laminae are type A o f  Jop l ing and 

Walker (1968), w i thout  s toss-side laminae w i th  la te ra l l y - c l im b in g  

r ipp le  crests (Fig. 7). The r ip p le  cross laminated sub-type occurs 

as 5 to 35 cm th ick  beds only w i th in  th icke r  v i t reous whi te qua r tz i te  

and most commonly t r a n s i t i o n a l l y  over l ies  a sequence o f  the f l a t -  

laminated sub-type. The r ip p le  cross-laminated sub-type is  most 

commonly over la in  by the s i l t y  qu a r tz i te  rock-type.

In te rp re ta t ion

Downstream migrat ion o f  small current r ipp les  o f  the lower part  

o f  the lower f low regime formed r ip p le  cross-lamination. Simple cross­

laminae re s u l t  from foreset avalanche accumulation on only the lee 

side o f  migrat ing r ipp les  whereas type A r ip p le  d r i f t  cross-laminae 

form as rate of accumulation o f  suspended sediment on the lee side 

o f  current r ipp les  approaches the ra te  o f  down-current migrat ion 

(Jopl ing and Walker, 1968) causing r ip p le  crests to bu i ld  upward 

ob l ique ly  (Fig. 7). Ripple d r i f t  cross-laminae thus ind ica te  f a i r l y  

rapid accumulation o f  sediment from suspension and commonly form 

where v e lo c i t y  slows abrupt ly  (McKee and others , 1967). Beds o f  the 

r ip p le  cross-laminated sub-type g rada t iona l ly  overly ing the f l a t -  

laminated sub-type record a s h i f t  from upper to lower f low regime as 

ind iv idual  f lood events wane, fu r th e r  evidence o f  the episodic, 

rapid complexion o f  Revett deposit ion.
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TYPE A RIPPL E - DRI FT

CROSS - L A M IN A T IO N

T R A N S I T I O N

TR A N S IT IO N

S IN U S O ID A L  R IP P L E

L A M I N A T I O N

Figure 7. Diagrammatic rep resen ta t ion  o f  the gradat ion  
from s inuso ida l  r i p p le  lam ina t ion  to  type A 
r i p p l e - d r i f t  c ross - lam ina t ion .  This gradat ion  
represents increas ing  bed load movement r e l a t i v e  
to  suspended load f a l l o u t .  A f t e r  Jop l ing  and 
Walker, 1966.

S i l t y  Q ua r tz i te  Rock-Type 

Descr ip t ion

The s i l t y  q u a r t z i t e  rock- type  ranges from s i l t y ,  very f i n e ­

grained q u a r t z i t e  to  sandy s i l t i t e  to  a r g i l l i t i c  s i l t i t e  composed 

mainly o f  quar tz  and fe ld s p a r .  S i l t -  and a r g i l l i t e - s i z e d  gra ins  a lso 

cons is t  o f  muscovite, phengite s e r i c i t e ,  i l l i t e ,  and c h l o r i t e  produced 

by b u r ia l  metamorphism o f  o r i g i n a l  c lay  (Hoffman and Hower, 1979).

Fresh and weathered surfaces range from l i g h t  to  very dark green and 

brownish green, r e f l e c t i n g  the poor ly  sor ted composit ion o f  t h i s  rock- 

type. Weathered outcrop faces appear very th in ly -bedded and bedding 

surfaces commonly have a d u l l  p h y l l i t i c  sheen.
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The s i l t y  qua r tz i te  rock-type occurs in beds ranging from less than 

1.0 to 60 cm th ick  and averaging 3 to 20 cm interbedded with  both the 

v i treous white qua r tz i te  and th in ly - lam inated si 1 t i t e - a r g i  11 i t e  

rock-types. Ind iv idua l  beds have p a ra l le l  planar bounding surfaces 

and are continuous l a t e r a l l y  as fa r  as most exposures extend, up to 

many tens of meters. This rock-type is  most commonly massive or 

penet ra t ive ly  cleaved, making i t s  sedimentary s tructures d i f f i c u l t  to 

discern. Inf requent sedimentary s t ructures in decreasing order of 

abundance are current r ip p le  cross-lamination, f l a t  lamination, r ipp le  

d r i f t  c ross-lamination, and occasional graded s i l t i t e  to a r g i l l i t e  

couplets 0.5 to 2.0 cm th ick .  Occasional a r g i l l i t e  surfaces are mud- 

cracked. Matr ix supported a r g i l l i t e  c la s ts ,  ranging from rounded to 

angular, averaging 0.3 cm th ick  by 1.5 cm long l i e  p a ra l le l  to  bed­

ding.

In te rp re ta t ion

Episodic flows deposited sand and s i l t  on f l a t ,  gently  sloping 

surfaces. The abundant massive bedding in the s i l t y  qua r tz i te  rock- 

type may have formed in several ways. Very rapid deposit ion from 

suspension (B la t t  and others,  1980; p. 136; Reineck and Singh, 1980; 

p. 113) or deposit ion from h igh ly  concentrated sediment dispersions 

(B la t t  and others, 1980; p. 136) can form massive, homogeneous bedding, 

and dewatering during compaction (Reineck and Singh, 1980; p. 113) or 

l ique fac t ion  soon a f t e r  deposit ion (B la t t  and others,  1980; p. 136) 

can destroy primary sedimentary lamination.
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Migrat ion o f  lower f low regime small current  r ipp les  w i th  varying 

proport ions o f  suspended and t ra c t io n  deposi t ion formed r ip p le  cross­

lamination and r ip p le  d r i f t  lamination. Upper f low regime plane beds 

formed f l a t  laminat ion. The d i r t i e r  and less we l l -so r ted  q u a l i t y  o f  

the s i l t y  q u a r tz i te  rock-type resulted from rapid deposi t ion from 

suspension and from deposit ion by lower f low regime small current  

r ipp les  which deposited la rger  proport ions o f  i n t e r s t i t i a l  s i l t  and 

clay than plane beds and large-scale sand waves (Wilson and Pitman, 

1977) which deposited most o f  the v i t reous q u a r tz i te  rock-type. Graded 

s i l t i t e  to a r g i l l i t e  couplets record waning o f  d iscre te  f low events 

fol lowed by periods o f  standing water deposit ion o f  suspended c lay and 

mud. Subaerial shrinkage cracks record drying o f  exposed mud surfaces. 

Mudcracked polygons were reworked in to  rounded mud c las ts  by subsequent 

sediment i n f l u x .  In te rm i t te n t  subaerial exposure, in combination 

with un id i rec t iona l  c ross-s t ra ta  dips, repeated shallowing and waning 

f low events, and abundant upper f low regime plane bed depos i t ion,  is 

strong evidence fo r  a f l u v i a l  ra ther than marine deposi t ional  en­

vironment.

Thinly-Laminated Si 1t i t e - A r g i 11i t e  Rock-Type 

Descri pt ion

The th in ly - lam ina ted  si 1t i t e - a r g i 11i t e  rock-type occurs in  the 

middle and upper Revett and is  characterized by i r r e g u la r l y  a l te rna t ing  

s l i g h t l y  wavy laminae o f  l i g h t  to  medium green massive s i l t i t e  and 

a r g i l l i t e  0.1 to  5.0 mm th ic k .  Ind iv idua l  laminae pinch out l a t e r a l l y  

over distances o f  less than 10 cm. Boundaries between s i l t i t e  and
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a r g i l l i t e  laminae are general ly qu ite sharp. S i l t i t e  bases commonly 

cut and truncate underlying a r g i l l i t e  laminae. This rock-type d i f f e r s  

from the s i l t y  q ua r tz i te  rock-type in i t s  overa l l  f i n e r  grain size and 

the wavy d is c o n t in u i ty  o f  i t s  th in  laminae. Of secondary importance 

are more continuous sedimentary couplets which grade upward from 

s i l t i t e  in to  a r g i l l i t e  and are commonly interbedded with  in te rv a ls  of 

the th in ly - lam ina ted  a r g i l l i t i c  s i l t i t e .  They most commonly occur as 

stacks o f  several couplets, each averaging 2.0 cm th ic k .  Unl ike the 

wavy s i l t i t e  and a r g i l l i t e  laminae, they extend l a t e r a l l y  f o r  several 

meters. These couplets are commonly truncated a t  low angles from above 

by th in ly - lam ina ted  a r g i l l i t i c  s i l t i t e  beds. S i l t i t e  in couplets and 

th in ly - lam inated rocks is most commonly massive but occasional ly  

r ip p le  cross-laminated to i n d i s t i n c t l y  h o r iz o n ta l l y  laminated. 

O s c i l la t io n  r ipp les  occur occasional ly . Rounded a r g i l l i t e  c lasts  

0.1 to 5.0 mm th ick  by 1.0 cm long occur in th is  rock-type but are 

less common than in v i treous whi te qua r tz i te  or s i l t y  qu a r tz i te .

In te rp re ta t ion

Thin ly interlaminated s i l t i t e  and a r g i l l i t e  record a l te rna t ion  

o f  upper and lower regime f low in very shal low, narrow scours and 

suspended deposit ion from standing water, respect ive ly .  L a te ra l ly  

discontinuous th in  interlaminae r e f l e c t  the temporal c o n t in u i t y  of 

these processes and the i r re g u la r  la te ra l  migrat ion o f  small scours 

m i l l imeters  deep by centimeters wide across f l a t  low r e l i e f  surfaces. 

Concentration o f  f low in small scours and lack o f  high suspended 

sediment loads enabled these more continuous processes to  rework
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sediment and truncate underlying laminae, rendering ind iv idua l  

deposit ional events d i f f i c u l t  to discern.  Occasional o s c i l l a t i o n  

r ipp les  are evidence fo r  wave reworking in standing water. Rounded 

a r g i l l i t e  c las ts  are smaller and less common than in the s i l t y  

qua r tz i te  rock-type ind ica t ing  longer periods o f  water-satura ted con­

d i t ions  wi th  less drying o f  muddy surfaces. Reworking by subsequent 

f low events is  f a c i l i t a t e d  by moist,  poor ly-conso l idated sediment. 

Graded s i l t i t e  to a r g i l l i t e  couplets record accumulation f i r s t  of 

t ra c t io n  and suspended s i l t  fol lowed by deposit ion o f  suspended clay 

during waning f low o f  ind iv idua l  deposit ional events. Subsequent 

f low events reworked underlying mud layers in to  rounded mud c las ts .



CHAPTER I I I

STRATIGRAPHY, CORRELATION AND FURTHER INTERPRETATIONS

General Statement

In the foregoing chapter rock-types were described and pro­

v i s io n a l l y  in te rp re ted  on the basis o f  local  deposi t ional processes. 

Deposit ional environments can be more thoroughly in te rpre ted  through 

integrated analysis o f  rock-types w i th in  th e i r  s t r a t i  graphic framework. 

Vert ica l  sequences in measured and described sections o f  Revett 

exposure (Appendix B) add much information tha t  simple rock descr ip ­

t ions cannot, and the co r re la t ion  based on the sequences provides 

the s t ra t ig ra p h ic  and sedimentologic framework. Ver t ica l  exposure in 

the study area is  general ly  qu i te  good but exposure along s t r i k e  varies 

from poor in some areas to exce l len t  in cirque walls a t  higher e le ­

vations, where great la te ra l  co n t in u i ty  o f  ind iv idua l  beds is  most 

apparent.

L i t h i c  Correlat ion

Correlat ion o f  measured sections in  the study area (Fig. 8) is  

based on l i t h o lo g i c  sequence ra ther than spe c i f ic  marker beds. The 

lower, middle, and upper informal members o f  the Revett Formation 

defined near Kel log, Idaho (White, Winston, and Jacob, 1977; White 

and Winston, 1977, 1982) can be corre lated throughout the study area 

to the east. L i t h o lo g i c a l l y , the lower Revett is  dominated by

23
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vi treous whi te q u a r tz i te ,  the middle Revett by th in ly - lam ina ted  

s i l t i t e - a r g i l l i t e ,  and the upper Revett by i n t e r s t r a t i f i e d  in te rv a ls  

o f  v i t reous white q ua r tz i te  and th in ly - lam ina ted  s i l t i t e - a r g i l l i t e .

The base o f  the lower Revett conformably ove r l ies  the Burke Formation 

through a t r a n s i t i o n a l  in te rv a l  o f  i n t e r s t r a t i f i e d  s i l t i t e  and 

v i treous white q u a r tz i te ,  and is  placed where medium to  thick-bedded 

qu a r tz i te  dominates over s i l t i t e .  The upper boundary o f  the lower 

Revett is  marked by the uppermost thick-bedded v i t reous white  qu a r tz i te  

above which is  mostly th in ly - lam ina ted  s i l t i t e - a r g i l l i t e  which is  

typ ica l  o f  the middle Revett. The reappearance o f  thick-bedded 

v i t reous whi te qu a r tz i te  in te rv a ls  defines the middle-upper Revett 

boundary. A marked decrease in the number o f  v i t reous q u a r tz i te  beds 

and the lowest beds o f  maroon a r g i l l i t e  graded couplets and abundant 

in t ra format iona l  a r g i l l i t e  c las ts  marks the top o f  the upper Revett,  

and the base o f  the over ly ing St. Regis Formation.

Lower Revett 

Descript ion

The base o f  the lower Revett Formation l i e s  w i th in  a gradational 

sequence where s i l t i t e  and q u a r tz i te  beds o f  the Burke Formation pass 

upward in to  the predominantly th ick  qu a r tz i te  beds assigned to the 

Revett. The Burke-Revett contact is  drawn ra ther  a r b i t r a r i l y  where 

medium to thick-bedded qu a r tz i te  begins to dominate over s i l t i t e .

The lower Revett consists o f  noncycl ical  interbeds o f  v i t reous white 

quar tz i te  50 to 150 cm th ick  and s i l t y  q u a r tz i te  beds 1 to  20 cm th ick .
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Upper port ions o f  v i t reous whi te qu a r tz i te  beds are in nearly every case 

over la in  d i r e c t l y  by s i l t y  q ua r tz i te  wi th  a sharp to  s l i g h t l y  gradational 

boundary between the two rock-types. Upper port ions o f  some q ua r tz i te  

beds are graded through increase in i n t e r s t i t i a l  c lay  and capped by an 

a r g i l l i t e  veneer. Where v i t reous white q u a r tz i te  beds are greater  than 

50 cm th i c k ,  overly ing s i l t y  q ua r tz i te  beds range from less than 1.0 

to  15 cm th ick .  Where v i t reous white q u a r tz i te  beds average 5 to  30 cm 

th ic k ,  over ly ing s i l t y  q u a r tz i te  beds range from 5 to  35 cm th ic k .  

Vitreous white q u a r tz i te  beds are commonly composed completely o f  f l a t -  

laminated q u a r tz i te  but are also commonly formed by an upward t ra n ­

s i t i o n  from c r o s s - s t r a t i f i e d  q u a r tz i te  to f la t - lam ina ted  qu a r tz i te .

Figure 9 i l l u s t r a t e s  typ ica l  s t ra t ig ra p h ic  sequences abstracted from 

measured and described sections o f  the Revett Formation (Appendix B).

The lower sharp boundaries o f  the v i t reous whi te qu a r tz i te  beds have 

only several cm o f  erosional r e l i e f  i n to  underlying beds, thus are 

remarkably pe rs is ten t  along s t r i k e  distances o f  many tens to  hundreds 

o f  meters.

Across the study area, the average thickness o f  v i t reous  whi te 

qua r tz i te  beds, thickness o f  c ross-s t ra ta  sets , average grain size o f  

vi treous whi te q u a r tz i te ,  and proport ion o f  sand-size to s i l t - s i z e  

rocks a l l  decrease to the northeast. Conversely, the proport ion of 

f la t - lam ina ted  rocks and r ip p le  cross-laminated rocks to  cross­

s t r a t i f i e d  rocks increases to the northeast (Table I ) .  These general 

trends in the Revett Formation are also observed by Bowden (1977).
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A

I n te rp r e ta t i o n

::: lUtHSftSUMfiSfiife
—  simple tangen t ia l  c ross­

s t r a t i f i e d  q u a r t z i t e

waning and shal lowing o f  a s ing le  
f low event

8

- -  s i l t y  q u a r t z i t e  

- -  f l a t - la m in a te d  q u a r t z i t e

- -  simple tangent ia l  c r o s s - s t r a t i f i e d  
quar tz i  te

In te r p r e ta t i o n  - waning and shal lowing o f  a s ing le  f low event 
-  more prox imal ,  cen t ra l  p a r t  o f  f low

c

d  )

—  s i l t y  q u a r t z i t e / s i 1t i t e

—  f la t - l a m in a te d  q u a r t z i t e

In te rp r e ta t i o n  - waning o f  i n d iv id u a l  f low events
- more d i s t a l ,  l a t e r a l  pa r t  o f  f low than 

(B) r e f le c te d  by th in n e r  beds and h igher 
r a t i o  o f  s i l t i t e  to  q u a r t z i t e

—  s i l t y  q u a r t z i t e

—  f la t - l a m in a te d  q u a r t z i t e

In te rp r e ta t i o n  - waning o f  a s ing le  f low event

Figure 9. Typ ical s t r a t i g r a p h ic  sequences abstracted from 
measured sect ions (Appendix B), a l l  e x h ib i t i n g  
evidence o f  rap id ,  episodic depos i t ion .
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In terpreta t ion

L a t e r a l l y  cont inuous  s t r a t i f i c a t i o n  i n d i c a t e s  t h a t  sediment  

was d e pos i t ed  on f l a t  s u r f a c e s .  P a l e o c u r r e n t  da t a  (Appendix C) 

i n d i c a t e  t h a t  t r a n s p o r t  was n o r t h - n o r t h e as t wa r d  (Bowden, 1977;

Hrabar ,  1971).  Regional  s ed i men t o l og i c  t r e n d s  (Table I)  a r e  com­

p a t i b l e  wi th  a n o r t h - n o r t h e a s t wa r d  t r a n s p o r t  d i r e c t i o n .  I n t i ma t e  

i n t e r be d d i n g  o f  the  v i t r e o u s  whi t e  q u a r t z i t e  and s i l t y  q u a r t z i t e  rock-  

types  on a s c a l e  o f  de c i men t e r s ,  and t h e i r  p e r s i s t e n c e  along s t r i k e  

f o r  many t ens  o f  meters  wi th  no s i g n i f i c a n t  channe l ing  o r  change in 

t h i c kn e ss  can b e s t  be exp l a i ned  by l a r g e  e p i s o d i c  s h e e t  f l oods  t h a t  

c rossed  broad f l a t  s u r f a c e s  (Tunbr idge ,  1981; Rahn, 1967; Wi l l i ams ,  

1971; S c o t t  and o t h e r s ,  1969).  Upward t r a n s i t i o n  w i t h i n  s i n g l e  beds 

from f l a t - l a m i n a t e d  v i t r e o u s  wh i t e  q u a r t z i t e  to  mass ive or  c u r r e n t  

r i p p l e d  s i l t y  q u a r t z i t e  to  t h i n ,  o c c a s i o n a l l y  mud-cracked a r g i l l i t e  

caps i n d i c a t e s  r ap i d  f l u v i a l  s ed i men t a t i on  punc tua t ed  by s u b a e r i a l  

exposure wi th  l oca l  ponding.  These p r ocesses  a r e  most  c l o s e l y  

analogous to  t hose  in  modern i n t e r n a l l y - d r a i n e d  in t e rmontane  bas ins  

o r  bol sons  where m a t e r i a l  i s  t r a n s p o r t e d  in s h e e t  f loods  from the  

lower segment o f  an a l l u v i a l  fan a cr oss  a broad f l a t  a l l u v i a l  p l a i n  

( Pe t e r s on ,  1981).  Bolsons a r e  d i v ided  by Pe t e r son  i n t o  two major  

phys iograph ic  p a r t s ,  t he  piedmont  s lope  and the  bolson f l o o r .  At 

t he  base o f  t he  piedmont s lope  l i e s  the  fan s k i r t  which i s  b u i l t  from 

sediment  reworked from c o a l e s c in g  a l l u v i a l  fans  ups lope .  The fan 

s k i r t  i s  c h a r a c t e r i z e d  by a l ack  o f  d i s s e c t i o n  and a d i s t i n c t l y  

smooth t opographic  s u r f a c e .  S ing le  f loods  d e p o s i t  s hee t s  o f  sediment
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along broad swales in t he  g e n t l e  s l op e .  Denny (1965,  p.  39) a l s o  

d e sc r ib e s  in bolsons  o f  the  southwes te rn  U.S. very broad f l a t - f l o o r e d  

t roughs  wi th no d i s t i n c t  banks,  which he terms d e s e r t  washes.  Modern 

s hee t  f lood d e p o s i t s  desc r i bed  b r i e f l y  by Bull (1963) ,  McKee and 

o t he r s  (1967) ,  McGee (1897) ,  Wil l iams (1970) ,  and Wasson (1977) bear  

marked s i m i l a r i t y  to  the  lower Reve t t  in t h a t  they a r e  broad ,  l a t e r a l l y  

e x t ens ive  sediment  s hee t s  wi th  sharp p l a n a r  bases  w i t hou t  scour ing  

and w e l l - d e f i n e d  channe l s .

L a t e r a l  p e r s i s t e n c e  and i n t e r be dd i ng  of  rock - t ypes  as wel l  as 

the  s c a r c i t y  o f  channel ing and scour ing  in the  Reve t t  Format ion can 

be exp la i ned  by d e p os i t i o n  by s i m i l a r  s h e e t  f lood process es  but  in 

environments  o f  a g r e a t l y  expanded s c a l e .  Simul taneous format ion  o f  

two d i s t i n c t  rock - t ypes  w i t h in  one s h e e t  f lood  can be exp la i ned  by 

observing how flow regime a f f e c t s  s o r t i n g  in f l u v i a l  sands .  Wilson 

and Pitman (1977) demons t ra t e  t h a t  i n t e r s t i t i a l  c l ay  and s i l t  a r e  low 

or  absen t  in sand depos i t ed  by upper  lower flow regime l a r ge  r i p p l e s  

( i nc l ud i ng  sand waves) and upper  flow s t ag e  (p l ane  beds) whereas c l ay  

and s i l t  c on t en t  can be q u i t e  high in  sand depos i t ed  by bedforms of  

the  lower p a r t  o f  the  lower f low regime.  During the  main pul se  o f  a 

f lood even t ,  p lane  beds and sand waves d e p o s i t  c l ean  w e l l - s o r t e d  sand.

As the  f lood wanes,  v e l o c i t y  and depth decr ease  caus ing d ep o s i t i o n  

of  s i l t y  impure sand r a p i d l y  from suspens ion and from s m a l l - s c a l e  

c u r r e n t  r i p p l e s .  S c o t t  and o t he r s  (1969) determined t h a t  d ep o s i t s  

a t  l a t e r a l  margins o f  s h ee t  f loods  t h i n  and c o n s i s t  o f  i n t e r l a y e r e d
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sandy and s i l t y  sediment  (Fig.  10) ,  thus  the  r a t i o  o f  v i t r e o u s  whi t e  

q u a r t z i t e  to  s i l t y  q u a r t z i t e  t h i ck ne ss  a t  a s p e c i f i c  s t r a t i g r a p h i c  

l evel  can serve  as a guide to  r e l a t i v e  p rox imi ty  w i t h i n  a d e p os i t i o n a l  

s hee t .  In the  Reve t t  Format ion,  t he  h i g h e s t  v i t r e o u s  : s i l t y  t h i c kne ss  

r a t i o s  o f  g r e a t e r  than 100:1 r e p r e s e n t  t he  most proximal c e n t r a l  

po r t i on  of  a f lood  where plane  beds and sand waves depos i t ed  g r e a t e r  

t h i c kn e ss es  o f  c l ean  sand than a t  more l a t e r a l  and d i s t a l  p a r t s  of

the f lood s hee t .  Sec t ions  o f  t he  lower Revet t  wi th  the  lowest

v i t r e o u s  : s i l t y  t h i ck n es s  r a t i o s  o f  about  1:1 r e p r e s e n t  the  more 

l a t e r a l  and d i s t a l  edges o f  d e p os i t i o na l  s hee t s  where flow c on d i t i on s  

formed plane beds and sand waves l e s s  commonly (Fig .  11) .  Here h igher  

p ropor t i ons  o f  s i l t y  q u a r t z i t e  were depos i t ed  from s i n g l e  f l ood  e v e n t s ,  

mainly from rap i d  suspens ion d e p os i t i o n  and from s m a l l - s c a l e  c u r r e n t  

r i p p l e s .  R e l a t i v e l y  t h i n n e r  beds n ea r e r  f lood margins r e f l e c t  

d ep o s i t i o n  where l e s s  sediment  was t r a n s p o r t e d  per  event  f a r t h e r  from 

the  c en t r a l  f lood pu l s e .

Lack of  i r r e g u l a r  scoured s u r f a ce s  a t  t he  base o f  v i t r e o u s  whi te

q u a r t z i t e  u n i t s  can be in p a r t  expla ined  by high sediment  loads  dur ing

flow events  i n d i c a t ed  by r i p p l e  d r i f t  c r o s s - l a m i n a t i o n  and t a n g e n t i a l  

f o r e s e t s  on c r o s s - s t r a t a .  High sediment  loads  a r e  a l s o  c h a r a c t e r ­

i s t i c  o f  plane bed flow c on d i t i o n s .  R e l a t i v e l y  l i t t l e  scour  can occur  

dur ing f looding  where much sediment  f a l l s  from suspens i on ,  and as much 

sediment  i s  d e l i v e r e d  from upst ream as i s  t r a n s po r t e d  downstream 

(Laursen,  1953).  Before the  advent  o f  land v e ge t a t i o n  in t he  l a t e
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C E N T R A L

FLO OD

Figure 10. Latera l facies v a r ia t io n  in a sheetf lood 
deposit .  A f te r  Scott  and others , 1969;
Tunbridge, 1981.

Paleozoic, f l u v i a l  sedimentat ion commonly occurred as i d e n t i f i a b le  

ind iv idua l  f lood events in the form o f  broad sheets (Schumm, 1968). 

Aggradation in l o c a l l y  lower areas f i l l s  i r r e g u la r i t i e s  and g rea t ly  

increases widthrdepth ra t io s  (Schumm, 1961), e f f e c t i v e l y  minimizing 

channeling a t  any scale and forming f l a t  planar upper and lower bed 

surfaces. Another fa c to r  in  preventing scour and channel edges from 

forming is  the noncohesive character o f  uniform sands low in clay 

(Long, 1978; Schumm, 1961) compounded by lack o f  s t a b i l i z in g  vegetat ion 

in p re - la te  Paleozoic time (Schumm, 1968; Pearce, 1976). Lack of 

evidence o f  channel inc is ion  in ancient f l u v i a l  systems has also been 

a t t r ibu ted  to s tead ier  regimes o f  r i v e r  grade and cl imate in combina­

t ion  wi th  steadier and/or higher sediment supply rates (Friend, 1978).
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D is ta l

Low Vit. S il ty  R atio

Medium Vit. • S i tty  Ratio

H igh Vit • 5/ / / /  Ratio

P rox im a l

Figure 11. Plan view o f  p rox ima l /d is ta l  and centra l/marginal  
v a r ia t io n  in the r a t i o  o f  v i treous white quar tz i te  
to s i l t y  qua r tz i te  rock-type in a sheetflood deposit .
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Winston (1978) proposes  a d e p os i t i o n a l  model f o r  the  Missoula 

Group of  the  Be l t  Supergroup which can be app l i ed  g e n e r a l l y  t o  the  

Revet t  Format ion.  He i d e n t i f i e s  f i v e  rock - t ypes  t h a t  cor respond to 

f i v e  d i s t i n c t  d e p os i t i o na l  envi ronments  on a l l u v i a l  f an ,  d i s t a l  

a l l u v i a l  f l a t ,  and sea margin s u r f a c e s .  The r o c k - t y p e s ,  from proximal 

to  d i s t a l ,  a r e :  1) the  conglomerat i c  r o c k - t y p e ,  2) the  c o a r s e ,  c r o s s ­

bedded r oc k- t y p e ,  3) t he  f i n e ,  h o r i z o n t a l l y  l aminated r oc k - t y p e ,

4) the  red a r g i l l i t e  r oc k- t y pe ,  and 5) the  green a r g i l l i t e  rock - t ype .  

Sediments on a l l u v i a l  fans  were depos i t ed  in bra ided s t ream channels  

which passed down-slope to  v a s t  a l l u v i a l  f l a t s  dominated by broad 

shee t  f loods  (Fig .  12) .  The lower Reve t t  bears  c l o s e s t  s i m i l a r i t y  

to  Winston ' s  (1978) f i n e ,  h o r i z o n t a l l y  l aminated rock - t ype .  The 

p l an a r ,  unimodal c r o s s - s t r a t i f i e d  rock- type  i s  a f i n e r - g r a i n e d  analogy 

of  the  c oa r se ,  crossbedded rock - t ype .  The lower Revet t  most probably 

r e p r e s e n t s  a s hee t  wash environment  on the  a l l u v i a l  fan s k i r t  d i s t a l  

to bra ided s t reams of  a l l u v i a l  fan and a t  the  most proximal p a r t  of  

the  a l l u v i a l  p l a i n  d ep o s i t i o n a l  envi ronment .  S tee l  and o t he r s  (1977,  

1978) de sc r i be  a proximal a l l u v i a l  p l a i n  sequence s i m i l a r  to  the  lower 

Revet t  in  t h a t  i t  i s  c h a r a c t e r i z e d  by t a b u l a r  sand bodies wi th 

abundant  f l a t  l a mi na t i on ,  p l anar  c r o s s - s t r a t a , and c u r r e n t  r i p p l e s .  

Devonian f l u v i a l  sands tones  s tud i ed  by Fr iend (1978) show the  fol lowing 

c h a r a c t e r i s t i c s :  1) unimodal p a l eo c u r r e n t  t r e n d s ,  2) downstream

decrease  in g r a i n  s i z e  and th i ckness  o f  q u a r t z i t e  beds,  3) downstream 

decrease  in c r o s s - s t r a t a  t h i c k n e s s ,  4) downstream i n c re a s e  in pro­

por t i on  of  s i l t s t o n e ,  s m a l l - s c a l e  s t r a t i f i c a t i o n ,  and f l a t  bedding,
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L o w  W a t e r  S t i l l s t a n d

H i g h  W a t e r

S t i l l s t a n d

W i l l o w  C r e e k  F a u l t

1 0 0  K i l o m e t e r s

\}2'^ C o n g l o m e r a t i c  R o c k  T y p e

[•/Tvj C o a r s e ,  C r o s s b e d d e d  R o c k  T y p e

| "| Fi ne,  H o r i z o n t a l l y  L a m i n a t e d  R o c k  T y p e

[HI R e d  A r g i l l i t e  R o c k  T y p e

“ “ 1 Gr een  A r g i l l i t e  Roc k  T y p e

Figure 12. Schematic block diagram o f  Winston's (1978) f l u v ia l  
facies model showing braided streams f lowing from 
the D i l lon  block northward to the Bel t  Sea. A f te r  
Winston, 1978.
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and 5) l a t e r a l l y  e x t e n s i v e  sand s hee t s  which lack evidence  o f  channe l i ng .  

Fr iend i n t e r p r e t s  t h e se  downstream t r e n d s  to  i n d i c a t e  d e p o s i t i o n  

from a r i v e r  system wi th  d ec r ea s i n g  f low depth and s t r e n g t h  which 

ended in an a r ea  o f  c l a y  f l a t s .  S i m i l a r  t r e nd s  in t he  Reve t t  For ­

mat ion (Table I)  a r e  compat ib le  wi th  t h i s  i n t e r p r e t a t i o n ,  and correspond 

g e n e r a l l y  wi th  n o r t h - n o r t h e a s t e r l y  p a l e o c u r r e n t  t r e nd s  (Appendix C). 

F u r t h e r ,  l ack o f  ev idence  f o r  channel  i n c i s i o n  i n d i c a t e s  t h a t  the  

Devonian s e d i m en t - d ep o s i t i n g  flows were not  so c l e a r l y  channe l i zed  

as most modern flows and t h a t  much d e p o s i t i o n  must  have been from 

s hee t  f l o o d s .  L a t e r a l l y  e x t e ns i ve  sands tone  s hee t s  10 t o  150 cm 

t h i c k  wi th  sharp  b a s e s ,  f i n i n g  upward,  and unimodal c ros sbeds  a l s o  

occur  in t he  Car boni fe rous  o f  no r t he rn  S p a i n ' s  Ebro Basin (Heward,

1978).  These beds a r e  a l s o  i n t e r p r e t e d  as s h e e t  f lood  d e p o s i t s  

which formed a t  the  d i s t a l  margin o f  an a l l u v i a l  f an .  Tunbr idge 

(1981) d e sc r i b e s  the  Devonian T r e n t i sh o e  Format ion o f  southwes t  

England,  remarkably s i m i l a r  to  t he  Reve t t  in t h a t  i t  a l s o  i s  composed 

of  l a t e r a l l y - e x t e n s i v e  t a b u l a r  beds o f  f l a t  l aminated s ands tone .

Fur t he r  s i m i l a r i t i e s  i nc lude  1) upward t r a n s i t i o n  w i t h in  i nd iv i du a l  

beds from f l a t - b e d d e d  sand to s i l t y  sand wi th  no r i p p l e  c ros s - l ami nae  

between,  2) absence of  channel  forms wi th  no evidence t h a t  sand s h e e t s  

a r e  merged channel  f i l l s  o r  l a t e r a l l y  a c c r e t e d ,  3) u n i d i r e c t i o n a l  

p a l e o c u r r e n t  t r e n d s ,  and 4) t h i c kn e ss  o f  d e p o s i t s  from s i n g l e  f lood 

e ven t s .  Tunbridge i n t e r p r e t s  s hee t  f l ood i ng  as t he  mechanism o f  t h e i r  

format ion .  Other  s hee t  f lood  d e p o s i t s  de sc r i be d  b r i e f l y  in the  

l i t e r a t u r e  inc lude  p a r t s  o f  the  New Red Sands tone,  Pe rmo- Tr i a s s i c  of
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England (Laming, 1966) and the Late S i lu r ia n  Ringerike Group o f  

Norway (Turner, 1974). Both o f  these deposits have s i g n i f i c a n t  

proport ions o f  dominantly f l a t - la m in a te d  sandstone in  tabu la r ,  

l a t e r a l l y  extensive beds.

Although not leg ion ,  i t  is  c lea r  th a t  there are a number o f  

ancient sheet f lood  deposi ts w i th  which the Revett Formation shares 

important s i m i l a r i t i e s .  Lack o f  numerous modern analogies can be 

a t t r ib u te d  to  the powerful in f luence o f  land vegeta t ion in  the 

Phanerozoic and poss ib ly  to  subs tan t ia l  c l im a t i c  d i f fe ren ces .

Bowden's (1977) i n te rp r e ta t io n  o f  the lower Revett as a d i s ta l  

braided stream deposi t  seems untenable consider ing the lack o f  

scouring and channeling and the great l a te ra l  c o n t in u i t y  o f  

ind iv id ua l  beds. A survey o f  braided stream l i t e r a t u r e  ( c . f .  M ia l l ,  

1977, 1978; Boothroyd and Nummedal, 1978; Rust, 1978; Steel and 

Aasheim, 1978; Moody-Stuart, 1966; Smith, 1970; Cant and Walker, 

1976; Coleman, 1969; Doeglas, 1962; Kessler , 1971) reveals no modern 

or ancient braided stream deposits whose beds r i v a l  the la te ra l  per­

sistence o f  the Revett. Cotter (1978) recognizes a sheet-braided 

model in O rd o v ic ia n -s i lu r ia n  rocks characterized by l a t e r a l l y  ex­

tensive beds w i th  w id th : th ickness ra t io s  greater  than 20:1 but even 

these deposits d i f f e r  markedly from lower Revett s t ra ta  in th a t  they 

commonly have abandoned channel mudstones, truncated beds, and very 

apparent pinching and swel l ing o f  ind iv idua l  s h e e t - l i ke  un i ts  across 

only 10 to 20 m o f  outcrop.
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Regional  sand body geometry ( e . g .  s hee t  vs .  s h o e s t r i n g )  i s  a 

powerful  i n t e r p r e t i v e  tool  whose impor tance should a l s o  be r ecognized .  

In s hee t  sands l i k e  the  Reve t t  which crop out  over  1000' s  o f  square  

k i l ome te r s ,  which lack channel  margins and p o i n t  bar  d e p o s i t s ,  

d e p os i t i o n  by waning s h ee t  f loods  seems the  most  l o g i c a l  i n t e r p r e t a ­

t i o n  ( C o l l i n s on ,  1978).

Middle Revet t  

Desc r i p t i on

The base o f  t he  middle Revet t  i s  p laced where v i t r e o u s  whi te  

q u a r t z i t e  o f  t he  lower Reve t t  passes  upward t o  m e t e r s - t h i c k  i n t e r ­

va l s  o f  t h i n l y - l a m i n a t e d  s i  1t i t e - a r g i 11i t e  rock - t ype  s ep a ra t e d  by 

v i t r e ou s  whi t e  q u a r t z i t e  beds c en t i me t e r s  t h i c k .  This t r a n s i t i o n  is  

q u i t e  obvious in outcrop and commonly occurs  through 10 to 30 meters  

o f  v e r t i c a l  s e c t i o n .  P r opo r t i ons  o f  rock- types  in the  middle Revet t  

a r e  approximate ly  70% t h i n l y - l a m i n a t e d  si  1t i t e - a r g i 11i t e ,  20% s i l t y  

q u a r t z i t e ,  and 10% v i t r e o u s  whi t e  q u a r t z i t e .  I d e n t i f y i n g  i nd i v i dua l  

d ep o s i t i o n a l  even t s  i s  hampered by the  d i scon t inuous  bedding and 

poor exposure  c h a r a c t e r i s t i c  o f  t h e s e  very f i n e - g r a i n e d  rocks .  Only 

in graded s i  1t i  t e  to a r g i l l i t e  coup l e t s  3 to  15 cm t h i c k  can s i n g l e  

d ep o s i t i o n a l  even t s  be r ecognized .  Vi t reous  whi t e  q u a r t z i t e  beds 

wi t h i n  s i 1t i  t e - a r g i 11i t e  i n t e r v a l s  a r e  f l a t  l amina ted ,  average  5 to 

15 cm t h i ck  and a r e  s o l i t a r y  or  grouped t o g e t h e r  in 3 to 10 m packages 

in terbedded wi th s i l t y  q u a r t z i t e  and s i  1 t i t e - a r g i  11 i t e  r oc k- t ype s .  

Minor red a r g i l l i t e  and red a r g i l l i t e  mud chip i n t e r v a l s  occur  in  the
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Glidden Lakes and S i l v e r  Cable s e c t i o n s ,  as wel l  as a t  s ev e r a l  o t h e r  

l o c a t i o n s  nor th  o f  the  Jocko l i n e  (Winston,  unpub. d a t a ;  J e f f  Mauk, 

p e r s .  comm.; Br ian Whi te ,  p e r s .  comm.).

I n t e r p r e t a t i o n

Format ion of  t he  t h i n l y - l a m i n a t e d  s i  1t i t e - a r g i 11i t e  rock - t ype  

can be exp la i ned  by more c o n s t a n t  wa ter  s a t u r a t i o n  near  the  Be l t  Sea 

margin which preven ted  r ap id  i n d u r a t i o n  and al lowed both subsequent  

f lood i n f l u x e s  and wave energy in s t and i ng  wa t e r  t o  rework t h i s  

sediment  e x t e n s i v e l y .

That  f l a t - l a m i n a t e d  s u b a e r i a l  q u a r t z i t e  o f  t he  lower Reve t t  

passes  down-slope to  middle Revet t  l i t h o l o g i e s  d ep o s i t ed  and reworked 

along the  Be l t  Sea margin r e q u i r e s  some m o d i f i c a t i o n  o f  Winston ' s  

(1978) f a c i e s  model.  Vi t r eous  whi t e  q u a r t z i t e  in  t he  middle Revet t  

r e p r e s e n t s  d i s t a l  fan s k i r t  f l a t - l a m i n a t e d  sand d epos i t ed  by s h ee t  

f loods  d i r e c t l y  onto the  t h i n l y - l a m i n a t e d  s i  1t i t e - a r g i 11i t e  f a c i e s  

t r a c t  a long t he  Be l t  Sea margin,  t he r eby  e f f e c t i v e l y  e l i m i n a t i n g  

the broad red a r g i l l i t e  mud f l a t s  dur ing  much of  Revet t  d e p os i t i o n  

(Fig.  13) .  I n t e r v a l s  o f  red a r g i l l i t e  l e s s  than 5 m t h i c k  in  the  

middle Reve t t  in t he  Thompson River  (Winston,  unpub . ) ,  Gl idden Lakes,  

and S i l v e r  Cable s e c t i o n s  (Appendix B) and i n t e r v a l s  o f  red a r g i l l i t e  

g r e a t e r  than 5 m t h i c k  in the  middle Reve t t  near  P l a i n s ,  Montana 

( J e f f  Mauk, p e r s .  comm.) a r e  i n t e r p r e t e d  as l a t e r a l  f a c i e s  e q u i ­

v a l en t s  o f  the  t h i n l y - l a m i n a t e d  s i  1t i t e - a r g i 11i t e  rock - t ype .

Figure  12 demons t ra t es  in  plan view a l a r g e r ,  more a c t i v e  d e p o s i t i o n a l
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lobe wi th f l a t - l a m i n a t e d  rock - t ype  d e p o s i t i o n  f a r t h e r  "seaward" than 

a d j ac e n t  s m a l l e r ,  l e s s  a c t i v e  d e p o s i t i o n a l  l obes .  The s m a l l e r  lobes  

have Winston ' s  (1978) p r o x i m a l - d i s t a l  f a c i e s  s ucc es s ion  ( f l a t -  

l aminated to  red a r g i l l i t e  to green a r g i l l i t e )  whereas the  l a r g e r  

lobes  pass d i s t a l l y  from f l a t - l a m i n a t e d  to  t h i n l y - l a m i n a t e d  s i l t i t e -  

a r g i l l i t e  to  green a r g i l l i t e .  L a t e r a l  s h i f t i n g  o r  sourceward r e t r e a t  

o f  t he  l a r g e r  d e p o s i t i o n a l  l obe ,  seaward p ro gr ad a t i o n  o f  s ma l l e r  

l obes ,  and r i s e  o r  f a l l  in sea l eve l  can cause l a t e r a l  and d i s t a l  

s h i f t i n g  o f  d e p o s i t i o n a l  envi ronment s ,  forming v e r t i c a l  sequences 

wi th red a r g i l l i t e  in t e rbedded  wi th  t h i n l y - l a m i n a t e d  s i l t i t e -  

a r g i l l i t e .

The t h i n l y - l a m i n a t e d  si  1t i t e - a r g i 11i t e  rock - t ype  o f  t he  middle 

Revet t  d i f f e r s  from Wins ton ' s  (1978) green a r g i l l i t e  rock - t ype  in 

t h a t  the  laminae a r e  wavy and d i scon t inuous  and c ou p l e t s  a r e  commonly 

not  w e l l - d e f i n e d ,  r e f l e c t i n g  t h a t  i t  has been thoroughly  reworked 

or t h a t  i t  was never  coup le t ed .  Both d i f f e r e n c e s  a r e  a t t r i b u t e d  to  

the  c l o s e r  p roximi ty  o f  the  t h i n l y - l a m i n a t e d  si  1t i t e - a r g i 11i t e  to 

t he  h i ghe r  energy a rea  o f  major  f lood event s  ( see  d e s c r i p t i o n  of  

s i 1t i  t e - a r g i 11i t e  r o c k - t y p e ) .  Winston v i s u a l i z e s  the  green a r g i l l i t e  

rock- type  to  have been depos i t ed  mainly from suspens ion  a t  the  d i s t a l  

end of  f lood i n f l u x e s  beyond broad red a r g i l l i t e  f l a t s .  The t h i n l y -  

laminated s i I t i t e - a r g i 11i t e  rock- type  o f  t he  middle Reve t t  was 

depos i t ed  j u s t  basinward of  s h ee t  f lood sand and was t h e r e f o r e  s u b j e c t  

to more competent  t r a c t i o n  c u r r e n t s  and more reworking dur ing sub­

sequent  f lood  even t s .
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General ized fac ies  d i s t r i b u t i o n  dur ing Revett 
depos i t ion  showing red a r g i l l i t e  t r a c ts  as l a te ra l  
equiva lents  o f  th in ly -1aminated si  1t i t e - a r g i 11i t e .
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That  the  middle Reve t t  everywhere o v e r l i e s  the  lower Reve t t  

t hroughout  the  s tudy  a rea  i n d i c a t e s  t h a t  sourceward mi gr a t i on  of  

f a c i e s  t r a c t s  d ep o s i t ed  r e l a t i v e l y  d i s t a l  f a c i e s  over  r e l a t i v e l y  

proximal f a c i e s .  Diminished r e l i e f  caused by headward e r o s i o n  o f  the  

source a r e a ,  decreased  r a t e  o f  source  a rea  u p l i f t ,  dec r ea se  in s e d i ­

ment y i e l d  due to t e c t o n i c  o r  c l i m a t i c  change,  and r i s i n g  base l evel  

are  among the  more common causes  o f  sourceward s h i f t s  o f  d e p o s i t i o n a l  

envi ronments .  Since the  Be l t  bas in  i s  f au l t -bounded  on i t s  south 

s i de  by the  Willow Creek F a u l t  (McMannis, 1963) o r  Pe r r y  l i n e  

(Winston,  1982) ,  an ab rup t  d i s t a l  over  proximal s h i f t  o f  d e p o s i t i o n a l  

environments  in t he  Reve t t  Format ion i s  compat ible  wi th  a model o f  

b a c k - f a u l t i n g  a long the  edge o f  the  source  a r ea  ( B e l t ,  1968;.
'  ! v »  *' *Vc

Heward, 1978) .  In t h i s  model ,  d e p o s i t s  i n i t i a l l y  c l ose  t o  a f a u l t  

l i n e  become d i s t a n t  to  t he  succeeding f a u l t  l i n e ,  caus ing r e t r e a t  

o f  the  source a rea  and d e p o s i t i o n  of  more d i s t a l  f a c i e s  over  under ­

ly ing more proximal f a c i e s  (Fig .  14).

Upper Revet t  

Descri  p t i on

The base o f  the  upper  Reve t t  i s  p laced a t  the  base o f  t he  lowest  

o f  a s e r i e s  o f  t h i ck-bedded  q u a r t z i t e  i n t e r v a l s  above the  f i n e r -  

gra ined rock - t ypes  o f  t he  middle Reve t t .  S t r a t i g r a p h i c  i n t e r v a l s  

10 to  100 m t h i c k  o f  the  v i t r e o u s  whi t e  q u a r t z i t e  rock- type  a l t e r n a t i n g  

wi th  i n t e r v a l s  5 to 75 m t h i c k  o f  the  t h i n l y - l a m i n a t e d  s i l t i t e -  

a r g i l l i t e  rock- type  c o n s t i t u t e  the  upper  Reve t t .  White and Winston 

(1977) i d e n t i f y  fou r  q u a r t z i t e  i n t e r v a l s  a l t e r n a t i n g  wi th t h r ee
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( N O T  TO S C A L E )

Figure 14. Sketch showing sourceward s h i f t  o f  facies due 
to back- fau l t ing  along a basin margin. A f te r  
B e l t ,  1968 and Heward, 1977.
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s i l t i t e - a r g i l l i t e  in te rv a ls  in the upper Revett near the Bunker H i l l  

Mine. They can be corre la ted to e igh t  we l l -de f ined  packages in the 

Placer Creek sect ion and co r re la te  more t e n ta t i v e l y  to  ten packages 

in the F la t  Rock Creek sect ion,  and eleven packages in the West Twin 

Creek section (Fig. 15). Upper Revett sections fa r th e r  north (Winston, 

unpub. data) have only two or three main v i t reous q u a r tz i te  in te rv a ls .  

Occasional sequences 3 to 20 m th ic k  w i th in  v i t reous white in te rv a ls  

consist  o f  1) upward increase fol lowed by a decrease in bed thickness,  

2) upward decrease in bed thickness, or less commonly, 3) upward 

increase in bed thickness (Fig. 16).

The base o f  the St. Regis Formation, defined by the occurrence 

o f  we l l -de f ined graded red s i l t i t e  to a r g i l l i t e  couplets and abundant 

red mud chips, marks the top o f  the upper Revett Formation.

In te rp re ta t ion

Dista l  lobes o f  sheet f lood sand b u i l t  out l o c a l l y  over ex­

tens ive ly  reworked s i l t  and c lay o f  the upper Revett and formed 

i n t e r s t r a t i f i e d  in te rva ls  tens o f  meters th ick  o f  the v i t reous white 

qua r tz i te  and the th in ly - lam ina ted  s i l t i t e - a r g i l l i t e  rock-type. Pro­

gradation o f  d i s t r ib u ta r y  lobes o f  sheetwash sand formed upward- 

thickening bed sequences. Abrupt abandonment o f  d i s t r i b u ta r y  lobes 

and progradation in to  new areas formed upward-thickening bed sequences 

in new prograding areas and ended formation o f  e i th e r  th inn ing or 

thickening upward sequences on and below the abandoned lobe. Complete 

sequences o f  th ickening then th inn ing o f  beds upward record steady
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progradat ion fo l lowed by subsequent gradual abandonment o f  a depo- 

s i t i o n a l  lobe. S im i la r  sequences in  d i s t a l  a l l u v i a l  fan sheet f lood  

sandstones in  the Carboniferous o f  northern Spain (Heward, 1978) are 

in te rp re te d  as having formed as d i s t a l  d i s t r i b u t a r y  lobes o f  sheet- 

wash sand s te a d i l y  prograded and were g radua l ly  or  a b rup t ly  abandoned. 

Prograding and abandoning sequences o f  t h i s  type and scale may r e s u l t  

from shor t  to  moderate periods o f  fanhead entrenchment (Heward, 1978). 

Although more proximal parts  o f  the Revett  a l l u v i a l  fans have not 

been s tud ied ,  t h i s  model f o r  generat ing d i s t a l  a l l u v i a l  fan sequences 

can be appl ied su cce ss fu l ly  to i n t e rp r e ta t io n s  o f  sequences in  the 

Revett  Formation.

Rates o f  basin subsidence and source area u p l i f t ,  two main 

con t ro ls  on sourceward or  basinward m ig ra t ion  o f  fac ies  t r a c t s  

(Er iksson, 1978), probably exerted the major in f luence  in  forming the 

i n t e r s t r a t i f i e d  i n t e r v a l s  o f  the upper Revett .  D i f fe rence  in  the 

number and thickness o f  q u a r t z i t e  u n i t s  in  the upper Revett  in  the 

study area ind ica tes  th a t :  1) some q u a r t z i t e  i n t e r v a l s  pinch out

l a t e r a l l y  or  basinward; 2) d i f f e r e n t  s t r a t i g r a p h i c  sect ions had 

sharply  d i f f e r e n t  inpu t  from t h e i r  source areas; or  3) Laramide 

th ru s t in g  has juxtaposed s t r a t i g r a p h i c  sect ions which had g re a t ly  

d i f f e r e n t  inpu t  from t h e i r  source areas, a more complicated vers ion 

o f  item #2.



CHAPTER IV 

STRATIGRAPHIC THICKNESS CHANGES

S t r a t i g r a p h i c  t h i c k ne s s e s  o f  the  upper  Revet t  a r e  two t o  t h r e e  

t imes g r e a t e r  in the  southern  po r t i on  of  the  s tudy a rea  near  the  Jocko 

l i n e  than to  the  nor th  of  i t  (Fig.  17) .  Although both the  F l a t  Rock 

Creek and West Twin Creek s e c t i o n s  now l i e  immediately nor th  o f  the  

Jocko l i n e ,  t h e i r  l o c a t i o n  in the  over turned  sou thern  limb o f  the  

Savenac Syncl ine  (Fig.  18) al lows the  r e c o n s t r u c t i o n  of  t h e i r  p r e ­

deformat ion p o s i t i o n  as south o f  the  Jocko l i n e .  Thus,  the  F l a t  Rock 

and West Twin Creek s e c t i o n s  were depos i t ed  south o f  the  Jocko l i n e  

and moved northward ac r oss  the  Jocko l i n e  as t he  Savenac Syncl ine  

formed. Folds and t h r u s t s  which c a r r i e d  t h i c k e r  s e c t i o n s  o f  rock 

nor theas tward across  the  Jocko l i n e  form a l a r g e  southeas tward-  

curving s t r u c t u r a l  a r c  which t r u n c a t e s  the  n o r t h e r l y - t r e n d i n g  fo lds  

and t h r u s t s  on the  Charlo block (Winston,  1982).  Since broad open 

u pr i gh t  fo l d s  c h a r a c t e r i z e  both the  Ovando and Charlo blocks 

(Harr i son and o t h e r s ,  1980; Winston,  1982),  crumpling and compression 

a g a i n s t  t he  rocks  of  the  Charlo block dur ing t h r u s t i n g  i s  proposed 

as a mechanism f o r  gene r a t i ng  t i g h t  over turned fo lds  and t h r u s t s  

along the  Osburn f a u l t  (Winston,  1982).  Given the proposed o r i g i n a l  

p o s i t i o n  of  measured s e c t i o n s ,  d i f f e r e n c e s  in t h i ckness  can be 

explained by t e c t o n i c  t r a n s p o r t ,  f a c i e s  changes,  or  syndepos i t i ona l  

growth f a u l t i n g .
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The upper Revett  Formation th ickens southward in  the study area 

from 92 m in  the Gl idden Lakes sect ion  to 308 m a t  Placer  Creek,

230 m a t  Lookout Pass, 238 m a t  West Twin Creek, and 615 m a t  F la t  

Rock Creek. These th ickness changes p e r s is t  l a t e r a l l y  along the Jocko 

l i n e  f a r  enough to more than account f o r  the 27 km o f  Cenozoic r i g h t -  

l a t e r a l  movement recognized on the Osburn f a u l t  (Hobbs and o the rs ,  

1965).

Winston (1982) proposes th a t  the Jocko l i n e  was an a c t ive  down-to- 

the-south normal f a u l t  dur ing Be l t  Supergroup depos i t ion .  The evidence 

support ing t h i s  i n t e r p r e t a t i o n  is  l i s t e d  in  Table I I .  Southward 

s t r a t i g r a p h i c  th icken ing  o f  the Revett  Formation documented by t h i s  

study is  compatible w i th  Winston's i n t e r p r e t a t i o n  o f  the Jocko l i n e  

as a syndeposi t ional  growth f a u l t .  In s p i t e  o f  the l a t e r a l  pers is tence 

o f  bed thicknesses in  the B e l t  Supergroup (G ro tz inger ,  1981; S lover ,  

1982; Winston, unpub.),  data po in ts  f o r  Revett  s t r a t i g r a p h i c  t h i c k ­

nesses are not gathered c lo s e ly  enough to  demonstrate thickness 

changes s u f f i c i e n t l y  abrupt  to  be c l e a r l y  caused by syndeposit ional 

growth f a u l t i n g .  A s impler  i n t e r p r e ta t i o n  is  th a t  thickness changes 

are due to  southward th icken ing  o f  a sediment pr ism, a model which is  

qu i te  compatible w i th  the depos i t iona l  model and n o r th e r l y  sediment 

t ra n sp o r t  d i r e c t i o n  discussed above.

Although the thickness changes in  the Revett  Formation do not 

s t r i c t l y  de f ine  a N82W-trending Jocko l i n e ,  the data po in ts  do l i m i t  

the o r ie n ta t i o n  o f  a poss ib le  g ro w th - fa u l t  between th in  and th ic k  

s t r a t i g r a p h ic  sect ions to a 25 degree range between l ines  s t r i k i n g
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approximately N75W and N80E (Fig. 17). The N82W-trending Jocko l ine  

f a l l s  w i th in  th is  range.

Given the in d i r e c t  supporting evidence f o r  growth fa u l t in g  along 

both the north and south margins o f  the Ovando block (Winston, 1982) 

summarized in Table I I ,  growth fa u l t in g  during deposi t ion o f  the Revett 

Formation seems a possible explanation fo r  s t ra t ig ra p h ic  thickening 

south o f  the Jocko l i n e .  Webster (1981) describes soft-sediment 

slumps and fo lds in the lower Prichard Formation which in fe r  tha t  f a u l t ­

generated slopes along the Jocko l i n e  were present during ear ly  Belt  

deposit ion. Chevi l lon (1977) documents in t r a s t r a ta l  quickstone 

breccias in the St. Regis Formation along the Jocko l in e  which formed 

during slope-generated soft-sediment slumping. No slumping or s o f t -  

sediment fo ld ing  coincides wi th  Revett thickness changes. I f  growth- 

fa u l t in g  is  the cause o f  the thickness changes, th is  would suggest 

tha t  sediments were draped over the Jocko l i n e  as i t  continued to move 

down to the south, preventing a topographic expression o f  the l ine  

at the surface (Winston, 1982). More rapid sedimentation rates during 

deposit ion o f  the sandier Burke and Revett Formations re la t i v e  to the 

Prichard Formation could have e f f e c t i v e l y  buried the e a r l i e r  topo­

graphic r e l i e f  created by growth fa u l t i n g ,  al lowing the Revett 

sedimentary prism to be shed northward across/the Jocko l in e .

A th i r d  possible explanation o f  southward thickening across the 

Jocko l in e  is  tec ton ic  jux tapos i t ion  o f  th ick  and th in  s t ra t ig ra ph ic  

sections from d i f f e r e n t  parts o f  the o r ig in a l ,  undeformed basin.

The magnitude o f  t ransport  necessary to account fo r  the thickness



changes, given the la te ra l  persistence o f  bed thicknesses in  the Bel t  

(Grotz inger,  1981; Slover , 1982; Winston, unpub. data) requires tha t  

a f a u l t  o f  mappable proport ions separate th ic k  and th in  s t ra t ig ra p h ic  

sect ions.  Geologic mapping o f  t h i s  s t r u c t u r a l l y  complex area 

(Wallace and Hosterman, 1956; Harrison and others, 1974a, 1981) has 

id e n t i f i e d  numerous f a u l t s ,  o f  which the Osburn f a u l t  w i th  27 km o f  

r i g h t  la te ra l  movement is  the best known. As stated above, the 

thickness changes in  the Revett Formation pe rs is t  l a t e r a l l y  f a r  enough 

to e l im inate  the p o s s i b i l i t y  tha t  the Osburn f a u l t  juxtaposed the 

th ick  and th in  s t ra t ig ra p h ic  sections. Trans la t ion  on major thrusts  

j u s t  north o f  t h i s  area decreases southward to a minimum o f  a few 

tens o f  km near the Jocko l i n e  (Harrison and others, 1980). Movement 

along these and other fa u l t s  in the area could be responsible f o r  

ju x ta p os i t io n  o f  th ic k  and th in  s t ra t ig ra p h ic  sections, although de­

termination o f  how much movement and along what fa u l ts  th is  movement 

occurred w i l l  be no simple task. Harrison and others (1980) comment 

on the complexity o f  the deformations which have folded and fau l ted 

the Belt  basin and note tha t  many o f  these events "are ne i ther w e l l -  

dated nor well  understood.11 They warn tha t  "the Bel t  terrane is  cut 

by many thrus ts  o f  s i g n i f i c a n t  tec ton ic  t ranspor t "  and conclude tha t  

"much more data on facies o f  Be l t  rocks must be co l lec ted before 

pa l inspast ic  reconstruct ion o f  the sedimentary basin can be 

attempted."

The three explanations fo r  southward th ickening in  the Revett 

Formation discussed above are syndeposit ional growth f a u l t i n g ,  a



southward-thickening sedimentary prism, and s t ru c tu ra l  ju x ta p o s i t io n  

of th ick  next to  t h in  s t ra t ig ra p h ic  sect ions. Each o f  the three 

explanations has i t s  m e r i t ,  al though a t  th is  time no d e f in i t e  con­

clusion can be drawn as to which, i f  any, is  d i r e c t l y  responsible fo r  

the thickness changes. Adherence to the p r in c ip le  o f  s im p l i c i t y  

favors a southward-thickening sedimentary prism as the most probable 

explanation,  w i thou t  excluding the other two as possible explanations.



CHAPTER V 

SYNTHESIS

Epi sod ic  f l o od s  o f  high and v a r i a b l e  d i s c h a r g e  d e po s i t e d  sand 

and s i l t  o f  t he  Reve t t  Format ion on a broad f l a t  a l l u v i a l  p l a i n  a t  

t he  d i s t a l  edge o f  a c o a l e s c i n g  a l l u v i a l  fan  complex.

Absence o f  s cou r ing  and w e l l - d e f i n e d  channel  margins  p l us  t a b u l a r ,  

l a t e r a l l y - c o n t i n u o u s  beds i n d i c a t e  t h a t  f low was not  c h a n n e l i z e d ,  but  

i n s t e a d  s h e e t  f l o o ds  were t he  dominant  d e p o s i t i o n a l  a gen t .  Unimodal 

c r o s s - s t r a t a  were formed by m i g r a t i n g  sand waves in t he  lower f low 

regime and f l a t - l a m i n a t e d  beds o f  sand were formed by s h a l l o we r  s h e e t -  

wash p lane  beds in  t h e  upper  f low regime.  A l l u v i a l  fan  s k i r t  d e p o s i t s  

extended downslope t o  d i s t a l  a l l u v i a l  p l a i n / s e a  margin d e p o s i t s  where 

p o o r l y - c o n s o l i d a t e d  sediment  reworked by r e pe a t ed  f lood  e ven t s  and 

wave energy i s  r ecorded  in t he  t h i n l y - l a m i n a t e d  s i 1t i t e - a r g i 11i t e  

r o c k - t y p e .

A sourceward m i g r a t i o n  o f  f a c i e s ,  p o s s i b l y  i n i t i a t e d  by back- 

f a u l t i n g  o f  t he  bas in  margin ,  brought  middle Reve t t  composed o f  t he  

d i s t a l  s i l t i e r  r oc k- t y pe  over  more proximal  v i t r e o u s  q u a r t z i t e  o f  

t he  lower R ev e t t .  During upper  Reve t t  d e p o s i t i o n  broad lobes  o f  c l ean  

sheetwash sand b u i l t  ou t  l o c a l l y  over  s i l t  and mud near  t he  Be l t  Sea 

margin,  i n t e r b e d d i n g  v i t r e o u s  wh i t e  q u a r t z i t e  and s i l t y  a r g i l l i t e  

r oc k- t y pe s .  The S t .  Regis Format ion r eco r ds  a major  t r a n s g r e s s i o n  of  

sea  margin a r g i l l i t e  over  t he  f l u v i a l  Reve t t  Format ion fol lowed in t he
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Wallace Format ion by l a c u s t r i n e  ca r bona t es  ( G ro t z i ng e r ,  1981) c l e a r l y  

i n d i c a t i n g  t h a t  e i t h e r  source  t e r r a n e s  had subs ided s i g n i f i c a n t l y ,  sea 

l eve l  had changed,  or  a major  c l i m a t i c  change had occur red .  The w e l l -  

de f ined  c y c l i c i t y  o f  t he  Wallace Format ion ( Gr o t z in g e r ,  1981) and the  

Mt. Sh ie lds  q u a r t z i t e  o f  t he  Missoula Group ( S l ove r ,  1982) and the  

lack of  t he se  cyc l e s  dur ing  lower Be l t  d e p os i t i o n  may be f u r t h e r  evidence  

suppor t ing  a major  t e c t o n i c  o r  c l i m a t i c  change some t ime a f t e r  Reve t t  

deposi  t i o n .

S t r a t i g r a p h i c  t h i cken i ng  in t he  upper Revet t  Format ion southward 

a cr oss  t he  Osburn f a u l t  can be most s imply exp la i ned  a t  t h i s  t ime by 

a sou thwar d- th i cken ing  sedimentary  pr i sm.  Syndepos i t i ona l  growth 

f a u l t i n g  along the  Jocko l i n e  o r  s t r u c t u r a l  j u x t a p o s i t i o n  o f  t h i c k  

next  to t h i n  s t r a t i g r a p h i c  s e c t i o n s  a r e  two o t h e r  p o s s i b l e  e xp l an a t i o n s  

f o r  t he  t h i c k e n i n g .  I f  growth f a u l t i n g  o ccu r red ,  t he  l ack o f  s o f t -  

sediment  fo l d s  and slumps i n d i c a t e s  t h a t  sediment  was draped over  the  

Jocko l i n e  which had no topographic  e xp r e ss ion  dur ing Revet t  d e p o s i t i o n .

Informal lower ,  middle ,  and upper members o f  the  Revet t  Formation 

recognized by White,  Winston,  and Jacob (1977) and White and Winston 

(1977,  1982) near  Kel logg,  Idaho are  r ecogn i zab l e  a t  l e a s t  as f a r  

e a s t  as S t .  Regi s ,  Montana and as f a r  nor th  as Thompson F a l l s ,  Montana. 

Fur t he r  work may demonst ra t e  the  u s e f u l ne s s  o f  t h e se  informal  members 

through the whole a rea  o f  Revet t  outcrop and a id  in c l a r i f y i n g  many 

s t r a t i g r a p h i c ,  s ed imento logi c  and s t r u c t u r a l  enigmas,  f o r  example:
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- How fa r  throughout the basin can upper Revett un i ts  be correlated?

- Can the middle Revett be considered a d is ta l  facies o f  the lower 

Revett? The St. Regis as a d is ta l  facies o f  the Revett?

-  How fa r  north does the th ick  quar tz i te  wedge o f  the lower Revett 

extend? Is i t  equivalent to the th ick  quar tz i te  in the middle 

Creston Fm. o f  the Purcell  Supergroup?

- How many major th ru s t  sheets d issect the Belt  basin? How 

much s t ruc tu ra l  o f f s e t  is  there between th rus t  sheets?

- What characterizes the la te ra l  and d is ta l  va r ia t ion  o f  modern 

sheet f lood deposits?

- Are there recognizable tectonica l ly-genera ted sedimentary 

sequences in the Revett? In any other Belt  units?

- Are other parts o f  the Revett be t te r  in te rpreted as sheet 

braided or braided stream deposits? Could th is  aid in 

determining proximity  on a large a l lu v ia l  fan-fan s k i r t  complex?

- How large were the a l lu v ia l  fan complexes tha t  suppl ied Revett 

sediment? Are there id e n t i f i a b le  proximal a l lu v ia l  fan facies 

preserved?

- What and where was the source terrane o f  the Revett? Why 

are there few or no grains larger  than medium sand in the 

lower Belt?

This study contr ibutes a small part  o f  the fundamental knowledge

required to bu i ld  answers to questions o f  th is  kind.
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Locat ion o f  measured sect ions (Figure 4 in  t e x t ) :

Placer Creek sect ion —  in  the Wallace, Idaho 15' quadrangle 

south o f  Wallace along the West Fork o f  Placer Creek in  

the no r th -cen t ra l  pa r t  o f  sect ion 4, T. 47 N., R. 4 E. and 

in  the southwest 1/4 o f  sect ion  33, T. 48 N., R. 4 E. This

area has been mapped by S.W. Hobbs and others (1965) and by

J.E. Harr ison and others (1974a, 1981).

Glidden Lakes sect ion  —  in  the Cooper Gulch, Montana 15'

quadrangle about 1/2 mi le  southwest o f  lower Gl idden Lake in

the centra l  pa r t  o f  sect ion 19, T. 48 N., R. 6 E. This

area has been mapped by J.E. Harr ison and others (1974a, 1981).

Lookout Pass sect ion - - -  in  the Saltese, Montana 15' quadrangle along 

the northeast side o f  I n te r s ta te  Highway 90 in  the centra l  

and northwest 1/4 o f  sect ion 4, T. 19 N., R. 32 W. This

area has been mapped by Wallace and Hosterman (1956) and by

J.E. Harr ison and others (1974a, 1981).

S i l v e r  Cable sect ion —  in  the Saltese, Montana 15' quadrangle in  

the south-cent ra l  pa r t  o f  sect ion 13 and the n o r th -cen t ra l  pa r t  

o f  sect ion  24, T. 20 N.,  R. 32 W., about 1/2 mi le  north o f  

the S i l v e r  Cable Mine. This area has been mapped by Wallace 

and Hosterman (1956) and by J.E.  Harr ison and others (1974a, 

1981).
West Twin Creek sect ion —  in  the Haugan, Montana 15' quadrangle 

along the west side o f  West Twin Creek in  sect ions 12 and 1,

T. 19 N., R. 30 W. This area has been mapped by Wallace 

and Hosterman (1956) and by J.E. Harr ison and others 

(1974a, 1981).
F la t  Rock Creek sect ion —  in the St. Regis, Montana 15' quadrangle 

along the northwest side o f  F la t  Rock Creek in  the southeast 

1/4 o f  sect ion 23 and the northwest 1/2 o f  sect ion 24, T. 19 

N., R. 29 W. This area has been mapped by Wallace and 

Hosterman (1956) and by J.E. Harr ison and others (1974a, 1981).



Eddy Mountain sec t ion  —  in  Eddy Mountain, Montana 7 1/2

quadrangle, in  the c i rque wal l  below Eddy Mountain Lookout 

the nor theast  1/4 o f  sect ion 33, T. 21 N.,  R. 28 W. This 

area has been mapped by J.E. Harr ison and others (1974a, 

1981).
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PALEOCURRENT ROSE DIAGRAMS
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Paleocurrent rose diagrams for cross s t ra t i f i c a t io n  in 
the Revett Formation. After  Hrabar (1971).
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Paleocurrent rose diagrams fo r  cross s t r a t i f i c a t i o n  in  the 
Revett Formation. A f t e r  Bowden (1977). Revett  Lakes' rose 
t rans la ted  30 km eastward to e l im ina te  the e f f e c t  o f  r i g h t -  
l a t e ra l  movement along Osburn f a u l t .
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