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ABSTRACT

Detra, Earl H., M.S., Spring, 1980 Geology

Structural Investigation o f a Section Through the Seven Devils 
Mountains, Idaho

Director: David M. Fountain ‘

Rocks o f  the Seven Devils Mountains consist o f  an entire  suite 
of island-arc-type rocks including subvolcanic, volcanic, pyro- 
c la s t ic ,  vo lcan ic las tic , and e p ic las t ic  rocks, generated during 
the development o f a Permian through Triassic is land-arc system. 
These rocks were subjected to a single major deformational event 
characterized by east-over-west thrust fa u lt in g  which was con­
centrated near the east flanking metamorphic-plutonic terrane. 
From geometric and kinematic arguments, th is  deformation is pro­
posed to be synkinematic with motion o f previously id e n t if ie d  
thrust fa u lt ing  related to emplacement of the Idaho batho lith . 
Various s tructura l elements have been analyzed and systematic 
varia tion o f  deformational s ty le  has been defined. A model en­
ta i l in g  b a tho lith ic  u p l i f t  is  favored as an agent o f deformation, 
but subduction cannot be ruled out, and a combination o f models 
may u lt im ate ly  explain deformation o f Seven Devils terrane.

11
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CHAPTER I 

INTRODUCTION

The Seven Devils Mountains are s itu a te d  in  w es t-cen tra l Idaho, 

forming the d iv id e  between the Snake and lower Salmon River d ra in ­

ages near R iggins, Idaho (F ig . 1). The most d is t in c t i v e  ch a rac te r­

i s t i c s  o f  the range is  i t s  extreme r e l i e f ,  r i s in g  from about 400m 

above sea leve l in  H e lls  Canyon to  over 2800m e le va t io n  a t  the 

Devil Peak, less than 10km away.

Rocks underly ing  much o f  the Seven Devils  Mountains are p a rt  

o f  a d iscontinuous b e l t  o f  eugeoclina l vo lcan ic  and v o lc a n ic la s t ic  

rocks extending from ce n tra l Alaska to  northern Mexico (F ig . 3).

The northern h a l f  o f  th is  b e l t  o f  Permo-Triassic vo lcan ic  rocks, 

along w ith  o v e r ly in g  sedimentary rocks o f  la te  T r ia s s ic  age, has 

been designated Wrangellia  (Jones and o th e rs , 1977). Immediately 

east o f  W rangellia  are located the major Cretaceous b a th o l i t h ic  

terranes o f  western North America, which u su a lly  inc lude a well 

developed regional-metamorphic envelope. To the west are the 

h e av ily  deformed la te  Mesozoic eugeoclina l sequences, such as the 

Franciscan te rrane  o f  western C a l i fo rn ia  (Maxwell, 1974).

Wrangellia  and adjacent te rranes have been obscured lo c a l l y  by 

f lood  basa lts  o f  T e r t ia r y  age, and fragmented by t ra n scu rre n t 

f a u l t in g  re la te d  to  North American and P a c i f ic  p la te  in te ra c t io n .  

These T e r t ia r y  geologic events serve to  promote controversy concern­

ing the o r ig in s  and in te r re la t io n s h ip s  o f  p re -T e r t ia ry  rocks.

1
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S im ila r it ie s  between the Wrangell ian rocks o f  eastern Oregon 

and Idaho and modern island arc rocks have long been recognized. 

G i l lu ly  (1935) was probably f i r s t  to propose such an o r ig in  fo r  th is  

volcanic b e lt ,  and has been supported by Hamilton (1963) in a d e f i ­

n i t iv e  petrologic and metamorphic study o f rocks on the western 

margin o f  the Idaho batho lith . Since that time, various c o n f l ic t in g  

hypotheses have been advanced (Hyndman and Talbot, 1975; Hamilton, 

1976; Onasch, 1976, 1979; Scholten and Onasch, 1977; Brooks and 

V a l l ie r ,  1978) and the geologic h is tory o f the region remains unclear.

Early work in the Seven Devils area was p r im arily  concerned 

with the economic geology o f the various base and precious metal 

deposits (Livingstone, 1920; Wagner, 1945; Cook, 1954). The volcanic 

stratigraphy o f the Hells Canyon area was extensively studied and 

described by V a l l ie r  (1974, 1977). Onasch (1976, 1979) analyzed 

the geologic structure o f the western margin o f the Idaho batho lith  

terrane and adjacent Seven Devils terrane in d e ta i l ,  flore recently, 

Brooks and V a ll ie r  (1978) proposed a regional geologic h is tory fo r  

the pre-Tertiary o f eastern Oregon and western Idaho.

The purpose o f  th is  paper is  to present a reconnaissance struc­

tu ra l investigation o f  the Seven Devils Mountains in order to aid in 

reconstructing the geologic h is tory o f Seven Devils terrane. A 

regional synthesis is presented.

In order to accomplish these goals, several sources o f  informa­

tion  have been u t i l iz e d .  The f i r s t  o f these was an extensive
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l i te ra tu re  survey o f the local and regional geologic framework. This 

phase essentia lly  described the a f f in i t ie s  and d is tr ib u t io n  o f  the 

d if fe re n t terranes as they ex is t today. The next phase involved an 

in-depth review o f rock types and processes occurring at various tec­

tonic boundaries with pa rt icu la r  reference to convergent type boun­

daries. In th is  way, i t  was possible to make preliminary comparisons, 

contrasts and in terpre ta tions o f  the structure , petrology, chemistry 

and metamorphism of Seven Devils rocks with the processes which may 

have generated them.

Field a c t iv i t ie s  also entailed two phases. One o f these consis­

ted o f reconnaissance (1:24,000) geologic mapping of a transect 

through a re la t iv e ly  unknown portion o f the Seven Devils Mountains. 

This phase provided d e f in it io n  o f  l i th o lo g ie  types and gross geologic 

structure fo r comparison with published descriptions. The second 

phase involved a detailed description and analysis o f  ductile -type 

s tructura l elements in order to define the sty le  o f deformation and 

sense o f motion.
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CHAPTER I I  

STRATIGRAPHY AND GENERAL GEOLOGY

The generalized stra tig raph ie  column fo r  th is  area is shown in 

Appendix I.

Seven Devils Group

The Seven Devils Mountains are ch ie f ly  underlain by an extremely 

th ick  sequence o f metavolcanic and vo lcan ic las tic  rocks o f early 

Permian to la te Triassic age. V a l l ie r  (1974) designated th is  package 

o f rocks the Seven Devils Group.

Rock types include pyroclastic  breccias, agglomerates, andésite 

and basalt flows, flow breccias, volcanic conglomerates and other 

ep ic las tics , tu f fs  and minor in tercalated limestones. A ll have been 

altered to some extent by greenschist facies o f regional metamorphism 

and may be appropriately termed a sp ilite -keratophyre association.

Rocks o f former andesitic composition are overwhelmingly dominant.

In the Hells Canyon area V a l l ie r  (1974, 1977) recognizes four 

mappable units in the approximately 6km-thick section. Of the four, 

only the youngest two were encountered in th is  study. These two are 

the Wild Sheep Creek and Doyle Creek formations, both o f Triassic age. 

In the map area (Plate 1), these formations are p r im arily  volcaniclas­

t i c  in nature, consisting o f coarse volcanic breccias and agglomerates. 

Clasts are almost exclusively keratophyric, sub-rounded to angular and 

ranging in size from l a p i l l i  to 0.3m boulders. They are characteris­

t i c a l l y  supported by a fine-grained tuffaceous matrix o f approximately

7
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the same composition as the c las ts , although in some cases altered 

to a varying degree. The vo lcan ic lastics are poorly bedded.

Several th in  keratophyre porphyry flows are intercalated with 

the vo lcan ic lastics as are local volcanic graywackes and shales. 

Limestone units are th in  and rare.

The Wild Sheep Creek and Doyle Creek formations are normally 

d i f f i c u l t  to  d istingu ish from each other (see V a l l ie r ,  1977) and no 

attempt was made to do so in th is  study. However, the Kurry Creek 

Member which forms the uppermost Doyle Creek Formation is  d is t in c ­

t ive .  I t  appears to be derived from more mature sediments that the 

underlying units and includes volcanic conglomerates, graywackes, 

shales and minor black shales. Sedimentary structures, such as well 

developed bedding and graded bedding are common in th is  u n it ,  p a r t i ­

cu la r ly  in the f iner-grained portions.

The source area fo r  Kurry Creek rocks was c lea r ly  more lithoTo- 

g ic a l ly  diverse than the source areas fo r  other Seven Devils rocks.

I t  must have included d io r i te s ,  gabbros and limestones in addition to 

the dominant andésite component. Thin, d is ta l l a t i t e  ashflow units 

in the Kurry Creek Member o f the Doyle Creek Formation record the 

f in a l ,  explosive phases o f volcanism in the Seven Devils volcanic 

p i le .

In th in  section the mineralogy of Seven Devils Group rocks is 

typ ica l o f  the greenschist facies. A lb ite  is commonly present as 

r e l i c t  phenocrysts a fte r  more-calcic fedlspar, and contains
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fine-grained inclusions and selvages o f s e r ic i te ,  epidote and ch lo r­

i te .  Fine m icro ]ites  of a lb ite  also comprise up to 40% of the ground- 

mass. The remainder of the groundmass is composed of a fe l t y  mass of 

c h lo r i te ,  epidote, s e r ic i te ,  p y r i te ,  c a lc i te ,  and leucoxene with local 

quartz and hematite. No primary mafic minerals were observed in th is  

study, but V a l l ie r  (1974) reported r e l i c t  hornblende and pyroxene in 

Hells Canyon. Rare amygdules are f i l l e d  by c a lc i te ,  epidote, quartz, 

heulandite and other un identif ied zeo lites.

Geochemical evidence reported by Hamilton (1963) and Batiza and 

V a l l ie r  (1976) indicates that Seven Devils rocks are p r in c ip a l ly  

basalts and andésites o f ca lc -a lka lic  a f f in i t ie s  which have been 

altered to a p i l i te s  and keratophyres during a greenschist metamorphism.

Two phases of metamorphism have been recognized in Seven Devils 

rocks. The f i r s t  occurred during la te  (?) Jurassic (Hamilton, 1963) 

and may have accompanied Jurassic d io r i t i c  plutonism. According to 

Onasch (1979), the second was o f eafly  (?) Cretaceous age, possibly 

related to in trus ion and u p l i f t  of the Idaho ba tho lith . The f i r s t  

metamorphism was weak and generally contact in nature (V a l l ie r ,  1974). 

The second event boosted Seven Devils rocks to equilibrium qreen- 

schist facies in the Salmon River Canyon, but was less evident fa r ­

ther west as indicated by lack o f equilibrium and the presence o f 

primary hornblende and pyroxene in Hells Canyon (V a l l ie r ,  1974). 

Locally, higher grades o f metamorphism were attained in Seven Devils 

rocks where they occur in greater proximity to the Idaho batho lith  

(e .g .: a t Slate Creek, see Fig. 2).
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Basement fo r  the volcanic p i le  as exposed in Hells Canyon is  com­

posed o f gabbroic and ultramafic rocks, and may represent oceanic 

crustal material (Hyndman and Talbot, 1976; Brooks and V a l l ie r ,  1978).

V a l l ie r  (1977) interpreted the coarse vo lcan ic las tic  nature of 

the Seven Devils Group to indicate rapid deposition marginal to an 

active volcanic center. These rocks were occasionally emergent, 

resu lting  in erosional unconformities, local c la s t ic  deposition, and 

oxidation of c la s t ic  and pyroclastic material (see V a l l ie r ,  1977).

I t  is suggested here that the widespread breccias o f the Seven Devils 

Group represent the volcano-sedimentary apron deposited proximally 

to an active ca lc -a lka line  volcanic arc. The uppermost u n it ,  the 

Kurry Creek Member of the Doyle Creek Formation probably records 

erosion o f the arc during the a f te r  the f in a l  phases o f volcanism.

The best exposures o f  the Wild Sheep Creek and Doyle Creek 

formations are in the western portion o f Plate 1, along Dry Diggins 

Ridge and near Dry Diggins Lookout. '

Martin Bridge Formation

Thick (^600m), la te ra l ly  continuous limestones in the Seven 

Devils Mountains have been correlated with the la te  Triassic Martin 

Bridge Formation of eastern Oregon (Hamilton, 1963). The occurrence of 

th is  un it  above volcanic units o f nearly the same age indicates a 

rapid t ra n s it io n  from intense volcanic and ep ic las t ic  deposition to 

a qu ie t, shallow, reef environment. Examination o f th in  sections 

from limestone outcrops in Hells Canyon suggests that the environment
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of deposition fo r  at least part o f the u n it  may have been s im ila r to 

the modern Bahamas Banks (Ray Murray, verbal communication, 1976).

The th ick , white, massive central portion o f the formation pro­

bably comprises a reef core (V a l l ie r ,  1974). This reef core l i t h o -  

facies was observed in the Seven Devils Mountains to grade upward 

into a g raph it ic  limestone and a breccia un it  which may be in te r ­

preted as a back-reef breccia (Don Winston, verbal communication, 

1976). This breccia consists o f strongly weathered and rounded 

cobbles of limestone in a black, m ic r i t ic  matrix. I t  is  overlain 

by the Lucile Slate (see below).

Metamorphism o f the Martin Bridge Formation occurred under the 

same conditions as the underlying Seven Devils Group. Although the 

mineralogy is essentia lly  unaffected, there is a progressive increase 

of ca lc ite  grain size from west to east, toward the Idaho batho lith . 

Fossil evidence is completely destroyed over the same in te rva l.

The Martin Bridge Formation is"best exposed in the area o f Plate 

1 on McClinery Ridge and in the Shingle Creek drainage forming the 

prominent easterly dip slopes.

Lucile Slate

The Lucile Slate, also presumed to be o f Late Triassic age, 

overlies the Martin Bridge Formation in the Salmon River Canyon,

I t  consists o f a f ine  calcareous p h y l l i te ,  normally p y r i t ic  and very 

carbonaceous. Locally, i t  contains scattered clasts o f limestone. 

C h lo r ite , quartz, se r ic i te  and graphite are the principal components 

with lesser amounts of ca lc ite  and pyr ite .
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The Lucile Slate outcrops poorly and i t s  thickness is unknown, 

as i t s  top is  nowhere exposed. The best exposures are immediately 

south o f the town o f Luc ile , Idaho, and on the extreme eastern portion 

o f the area on Plate 1, in the Papoose Creek drainage.

Because o f th e ir  gradational contact and the presence of lime­

stone clasts in the s la te , the Martin Bridge reef and Lucile Slate 

basin may be interpreted to have existed contemporaneously. The slate 

would represent a res tr ic ted  black shale basin whereas the limestone 

represents an offshore carbonate reef or bank, which overlies an older 

volcanic arc. This setting is  almost identica l to that proposed by 

Ripley and Ohmoto (1979) fo r  Triassic rocks in Peru. They speculated 

that an offshore bench composed of a subsided volcanic arc and over- 

ly ing  sediments formed a barr ie r fo r  a p a r t ia l ly  res tr ic ted  basin in 

which syngenetic ore bodies were deposited.

In trusive Rocks

The Seven Devils terrane is intruded by very diverse rock types 

which are treated in the following discussion as four re la t iv e ly  d is ­

t in c t  groups.

The oldest su ite  o f in trusives is composed o f gabbroic and 

ultramafic rocks located in Hells Canyon, and are thought to be of 

Permian and/or Triassic age (V a l l ie r ,  1974). Because they do not 

occur in the area shown on Plate 1, these rocks were not investigated 

and are not discussed except to comment that they may be closely
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re la ted to an oceanic basement complex (Hyndman and Talbot, 1976; 

Brooks and V a l l ie r ,  197%).

The oldest su ite  o f in trus ive  rocks shown on Plate 1 is  a group 

of keratophyre and s p i l i t e  porphyries which are exposed as dikes and 

stacks in the high portions o f  the Seven Devils Mountains. These 

rocks intrude most o f the Seven Devils Group, but could not be 

observed cross-cu tting  the Martin Bridge Formation or the Kurry 

Creek Member o f the Doyle Creek Formation. Their age is ,  therefore , 

in terpreted to be la te  T r iass ic . The ke ra tophyre -sp il ite  porphyries 

appear to be s im ila r  to  in trus ive  rocks in Hells Canyon, described 

by V a l l ie r  (1974), who also speculates a possible la te  T r iass ic  age 

fo r  these rocks.

M inera log ica lly  the ke ra tophyre -sp il ite  porphyries are iden tica l 

to volcanics o f the Seven Devils Group except in the abundance and 

size o f a lb i te  phenocrysts. The phenocryst abundance is  generally 

higher in the in trus ive  rocks, varying from neg lig ib le  in some dikes 

to approximately 60% o f the rock. Phenocrysts may reach 0.75cm in 

length.

Because o f the s im i la r i t y  o f the in tru s ive  porphyries to extru ­

sive rocks o f  the Seven Devils Group they have previously been mapped 

as volcanic rocks. However, they are homogeneous over large areas, 

and th e ir  contacts w ith the vo lcan ic las t ics  are i r re g u la r  but very 

sharp in outcrop. At several locations (e .g .:  above Shelf and Basin 

Lakes) large inclusions o f sedimentary rocks up to tens of meters
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long, are completely surrounded by the po rphyr it ic  rock.

These re la tionsh ips d ic ta te  tha t the keratophyre -sp il ite  por­

phyries be in terpreted here as cogenetic w ith the surrounding 

volcanic p i le .  They may represent a shallow subvolcanic in trus ive  

system. They are exposed along the higher parts o f the Seven Devils 

Mountains in the southern portion o f  Plate 1. The high r e l ie f  o f the 

central part o f the range may be fa c i l i ta te d  by the very res is tan t 

nature o f these rocks.

Jurassic d io r i te  and quartz d io r i te  stocks and dikes comprise 

the second su ite  o f in trus ive  rocks encountered by th is  study. These 

plutons, best exposed in the Granite Creek drainage in the western 

portion o f  Plate 1, are ty p ic a l ,  medium-grained, equigranular d io r i te s ,  

They are essen tia lly  unmetamorphosed in the Seven Devils Mountains 

but are more a ltered and sheared near Luc ile , Idaho, probably r e f le c t ­

ing the early (?) Cretaceous metamorphism defined by Hamilton (1963).

The e a r l ie r ,  la te  (?) Jurassic'metamorphism (Hamilton, 1963), 

which weakly affected the older rocks, apparently had no e f fe c t  on 

the Jurassic d io r i te  su ite . Therefore, the d io r i te s  were probably 

syn- or post-metamorphic with respect to the la te  (?) Jurassic event. 

Hamilton (1963) suggests tha t shearing also appears to pre-date these 

in trus ions.

The youngest set o f  in trus ives consists o f rocks d ire c t ly  

re lated to the Idaho ba tho lith . Most o f these g ra n it ic  plutons are 

exposed outside the Seven Devils Mountains and are not depicted in
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Plate 1. They were emplaced during middle to la te  Cretaceous time 

{Hyndman and others, 1975) and may have caused the early  (?) Creta­

ceous metamorphic event (Hamilton, 1963).

Plutonic rocks o f  Idaho and eastern Oregon e x h ib it  a consistent 

pattern o f i n i t i a l  Sr^^/Sr^G values. Armstrong and others (1977) 

have found tha t in trus ives  o f the Cretaceous su ite , situated gener­

a l ly  east o f the Salmon River, have i n i t i a l  ra t ios  o f  greater than 

0.7055. The older suites o f  rocks, mostly situated west o f the Salmon 

River, e xh ib it  ra t io s  o f less than 0.7043. This evidence strongly 

suggests tha t the Idaho ba tho lith  is  o f more continental derivation  

than the more westerly in trus ives , and tha t the western l im i t  o f 

continental crust during Cretaceous time was near the eastern edge 

o f  the Seven Devils Mountains (see Armstrong and others, 1977).

Other Rocks o f the Seven Devils Mountains

Two other groups o f rocks make up small portions o f the Seven 

Devils Mountains but are not considered part o f  Seven Devils terrane. 

The Riggins Group is  a th ick  (7km ?) sequence o f metavolcanic and meta- 

sedimentary schists which was th ru s t westward over Seven Devils rocks 

during the Cretaceous (Hamilton, 1963). This th ru s t ,  known as the 

Rapid River th ru s t ,  separates middle to upper greenschist facies 

rocks o f  the upper p la te (Riggins Group) from the lower greenschist 

facies rocks o f  the Seven Devils terrane (Hamilton, 1963). Minor 

l i th o lo g ie s  included in the Riggins Group are garnetiferous amphibolite
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dikes and several serpentinized metaperidotite bodies which were 

apparently te c to n ic a l ly  emplaced. C a lc -s i l ica te  schists are lo c a l ly  

common. Hamilton (1963) presented evidence that the Seven Devils 

and Riggins Groups e xh ib it  chemical s im i la r i t ie s ,  and suggests tha t 

the two groups have s im ila r  o r ig ins .

Riggins Group rocks do not outcrop in the area o f Plate 1, but 

are covered by T e r t ia ry  basalts in the eastern part o f the diagram.

The Miocene Columbia River basalts occur sporadica lly in the 

higher parts o f  the Seven Devils Mountains. Small outcrops occur 

near Dry Diggins Lookout and a la rger erosional remnant occurs on 

the eastern edge o f  the map area. The occurrence o f these basalt 

outcrops at high elevations (2340m) above the basalts on the Columbia 

Plateau (1970m) suggests tha t some u p l i f t  o f the Seven Devils Moun­

tains may have occurred since Miocene time.
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CHAPTER I I I

DEFORMATION AND STRUCTURE OF THE SEVEN DEVILS TERRANE

Most o f  the research presented here was devoted to a study o f 

the s truc tu ra l elements o f  Seven Devils terrane. One phase o f the 

study consisted o f  reconnaissance geologic mapping o f a transect 

through the Seven Devils Mountains which is  depicted on Plate 1.

During th is  phase, the gross geologic features were observed, and 

an in te rp re t ive  cross section was produced (Plate 2 ) .  A second 

phase o f  the study involves a more deta iled treatment o f  mesoscopic 

s truc tu ra l elements and is  discussed below along with resu lts  o f 

the f i r s t  phase.

Faults

The predominant type o f  deformation in the Seven Devils Moun­

ta ins is  fa u lt in g .  The rocks appear to have been so b r i t t l e  as to 

preclude extensive, penetrative fo ld in g , instead resu lt ing  in fa u l t ­

ing and pervasive frac tu r ing . This b r i t t l e  response is probably due 

to the low metamorphic grade o f the rocks, and a shallow depth of 

deformation.

The fau lts  which were most important in the deformation o f Seven 

Devils terrane are a north-northeasterly  trending swarm o f reverse 

fa u lts  (see Plates 1 and 2). These fa u lts  dip moderately to steeply 

east or are v e r t ic a l .  The re la t ive  sense o f  motion, as determined by

17
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drag-fo ld  o r ie n ta t io n ,  frac tu re  patterns and rare slickensides is 

nearly inva r iab ly  east side up or west side down. This sense o f 

motion is  compatible w ith  tha t o f  the Rapid River Thrust noted above, 

home o f  the fa u lts  near Seven Devils Lake e xh ib it  c o n f l ic t in g  ev i­

dence fo r  sense o f  motion and may have suffered reversal o f  the p r i ­

mary in fe rred  sense o f  motion.

A good example o f  th is  set o f  fa u lts  is  exposed on Dry Diggins 

Ridge near the junc tion  o f  the Sheep Creek and Hells Canyon t r a i l s .

At th is  loca tion , the fa u l t  trends 005° and dips 85° east. I t  

consists o f  a 5m-thick zone o f  heavily brecciated and c h lo r i t iz e d  

vo lcan ic las t ics . Fault gouge is undeveloped or has been re c rys ta l­

l ized . The re la t iv e  sense o f  motion, east side over west, is  deter­

mined by observing the assymetry o f  drag-folded vo lca n ic la s t ic  beds 

in the footwall o f  the fa u l t  zone. To the north, th is  p a r t ic u la r  

fa u l t  can be traced fo r  several kilometers but is  covered by younger 

Columbia River Basalts and so il fa r th e r  south.

A second set o f  fa u l ts  occurs in the northwestern portion o f  

the map area (see Plate 1). These fa u lts  are in ferred  from aeria l 

photographs and from inconsistent bedding a tt i tu d es  in  tha t area.

They trend northeasterly  and are in terpre ted to be ve r t ica l because 

o f  th e i r  re c t i  l in e a r i t y .  Since outcrops o f the s t ra t i  g raph ica lly  

high Kurry Creek Member o f  the Doyle Creek Formation occur a t much 

lower elevations on the west side o f  Hells Canyon, the re la t ive  

motion at these fa u lts  is  in terpre ted to be northwest side down.
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The th i rd  set o f  fa u lts  depicted on Plate 1 consists o f rouahly 

east-west-trending normal fa u l ts .  They are not considered to be 

important in the deformation o f  Seven Devils terrane but do de flec t 

bedding and fo l ia t io n  a tt itudes  in th e i r  v ic in i t y .  One o f  these 

fa u lts  contro ls the Shingle Creek drainage north o f Heavens Gate; 

another is well exposed south o f  Quad Lakes.

Folds

On the basis o f  fo ld  ana lys is , two zones o f  s truc tu ra l s ty le  can 

be recognized in  the Seven Devils Mountains. In the western portion 

o f  Plate 1, rocks are in tensely fractured and fo lds are poorly de­

veloped. Existing fo lds tend to  be drag fo lds developed adjacent 

to reverse fa u lts .  For the purpose o f  th is  discussion, rocks west 

o f  Windy Saddle (center o f  Plate 1) occupy the “ b r i t t l e  zone".

In contrast, the sedimentary section exposed in  the eastern 

portion o f  Plate 1 was deformed in a more d u c t i le  s ty le .  These rocks 

are not as strong ly  frac tu red , generally e x h ib i t  a wel1-developed 

fo l ia t io n ,  and d isp lay non-pervasive fo ld ing . The d u c t i le  nature 

o f deformation in these rocks is  probably due to  the re la t iv e  weak­

ness o f  the sedimentary section, and possibly to  higher temperatures 

o f deformation. This s ty le  domain is designated the "d u c t i le  zone".

Bedding a tt i tu d es  measured in vo lca n ic la s t ic  rocks o f  the b r i t t l e  

domain are depicted in Figure 4. Two d is t in c t  domains are present. 

Domain A is  defined by poles to bedding which occupy a h a lf  g ird le  

representing west-northwest dipping beds. The axis o f  fo ld ing  which
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27

Fig. 4 Orientation diagram of poles to bedding taken from
Plate 1. "F" indicates inferred fold axis, "f" indicates 
the approximate range of trends for reverse faults cutting 
Seven Devils terrane.

d is t u r b e d  b y  e - w

NORMAL FAULTING

17

Fig. 5 Orientation diagram of poles to foliation taken from 
the ductile zone of Plate 1. "Fk" indicates attitude of 
kink fold axes in foliation (see Fig. 7), "L" denotes the 
attitude of lineations in the foliation (see Fig. 10),and 
"f" indicates the approximate range of trends for reverse 
faults cutting Seven Devils terrane.
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is  in fe rred  from th is  h a l f  g i rd le  plunges gently north-northeast.

Domain B is defined by a c lus ter  o f  steeply east-southeast-dippinn 

beds which may represent the opposite limb o f  domain A.

The overal l  symmetry o f  Figure 4 is most eas i ly  interpreted 

as monoclinic, which is charac te r is t ic  o f  asymmetric fo ld ing  (see 

Turner and Weiss, 1963, Ch. I I ) .  On the basis o f  f i e l d  observations, 

i t  is  f e l t  that the asymmetry was generated by inhomogeneous defor­

mation in which widely spaced fau l ts  cut rocks o f  otherwise homo­

geneous structure. Domain A represents those rocks which have been 

drag-folded along the north-northeast-trendino reverse fa u l ts ,  whereas 

domain B represents the general fabr ic  o f  the b r i t t l e  zone.

The most d is t in c t iv e  charac te r is t ic  o f  the duc t i le  zone is the 

development o f  a strong fo l ia t io n  oriented subparallel to bedding.

An or ienta t ion diagram o f  poles to f o l i a t io n  measured on Plate 1 

is  shown in Figure 5. A d i f fuse c lus te r  indicated moderately east- 

southeast-dipping fo l ia t io n s .  This-geometry is  s im i la r  to that  o f  

domain B in Figure 4; possibly suggesting a geometric l in k  between 

fo l ia t ion s  in the duct i le  zone and reverse fau l t ing  in the b r i t t l e  zone.

Analysis o f  Ducti le Zone

Early in the course o f  th is  p ro jec t ,  the re la t i v e ly  duct i le  zone 

o f  deformation in the sedimentary rocks on the east side o f  the Seven 

Devils Mountains was the subject o f  more detai led study. The resul ts  

o f  th is  study are described below.
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Three phases o f  deformation have been observed in the duc t i le  zone 

o f  the Seven Devils Mountains. In the presumed sequence given below, 

the re la t i ve  t iming o f  the la s t  two phases is  uncertain and may have 

been simultaneous.

Foii a t i o n . The f i r s t  phase o f  deformation is  defined as the 

development o f  a s t ra in -sh ip  f o l i a t io n  with concurrent development of  

a tectonic "a" l inea t ion  in the plane of  f o l i a t i o n .  The f o l i a t io n  is 

well developed in tuffaceous units  of  the Seven Devils Group, in 

t h in ly  bedded port ions o f  the Martin Bridge Formation and in the 

Lucile Slate, In outcrop i t  is  v is ib le  as a prominent f i s s i l i t y  

usual ly subparallel to bedding. A l l  inequidimensional consti tuent 

elements such as conglomerate and breccia c lasts  and indiv idual 

mineral grains are v i s ib l y  f la t tened and/or rotated in to the plane 

o f  f o l i a t io n .  Most grains show no sign o f  in ternal d is rupt ion ,  but 

some large clasts exh ib i t  f rac tu r ing  and m ic ro - fau l t ing .

Where f o l i a t io n  is  not developed, c lasts  and mineral grains are 

roughly equidimensional and angular. Fo l ia t ion  of th is  type is  not 

observed in vo lcan ic- f low or in t rus ive  rocks.

On a microscopic scale, the f o l i a t i o n  resu l ts  from para l le l  

o r ienta t ion  o f  c h lo r i t e ,  s e r ic i t e ,  and quartz grains in tuffaceous 

rocks and from c a lc i t e ,  quartz, and clays in l imestones. I t  is  f u r ­

ther enhanced by comminution o f  c a lc i te  along d iscrete planes which 

are very suggestive o f  microcataclasis.
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Poles to fo l ia t io n  measured in the Martin Bridge Formation and 

Lucile Slate from the Rapid River area to Slate Creek (see Fig. 2) 

are depicted in Figure 6. The pattern of  data points is extremely 

d i f fuse,  apparently because o f  pos t - fo l ia t ion  normal fau l t ing .  A 

strong maximum re f lec ts  the dominant east-southeast dips. This 

maximum is a segment of  a g rea t-c irc le  g ird le  which indicates fold ing 

about an axis which plunges gently northeast. The overal l symmetry 

of  Figure 6 is roughly orthorhombic and the posit ion of  the maximum 

shows that the fo l ia t io n  has been folded asymmetrically with long 

east limbs and shorter west limbs.

An orientat ion diagram of poles to fo l ia t io n  in tuffaceous 

Seven Devils rocks o f  the duct i le  domain is presented in Figure 7. 

Here, two strong maxima are observed forming a g rea t-c i rc le  g ird le  

which suggests fo ld ing about a northeast-plunging axis. The south­

east-dipping fo l ia  are the common type in the Seven Devils Mountains, 

whereas northwest-dipping fo l ia  appêar to be restr ic ted  to the Slate 

Creek area. These data show the existence of a large scale northeast 

plunging synform with an axis which nearly fol lows the course of the 

lower Salmon River.

Lineat ion. Wherever the s t ra in -s l ip  f o l ia t io n  is developed in 

Seven Devils terrane, i t  is accompanied by a mesoscopic l ineat ion.

In outcrop the l ineat ion occurs as streaks and smeared grains of 

ca lc i te  in limestones, and ch lo r i te  in tuffaceous rocks. In breccias 

and conglomerates, the l ineat ion is also formed by the dimensional
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110

Fig. 6 Orientation diagram of poles to foliation in the 
Martin Bridge Formation measured in the ductile zone of 
Seven Devils terrane. Contour intervals at 1, 2, 5, and 
10% per 1% area.

N

60

Fig. 7 Orientation diagram of poles to foliation in Seven 
Devils Group rocks measured in the ductile zone of Seven 
Devils terrane. Contour intervals at 1, 2, 5, and 10% 
per 1% area.
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preferred or ientation of t r i a x ia l  clasts which appear to have been 

f la ttened in the plane of  f o l ia t io n  and elongated in the direction 

o f  l ineat ion.  On Heavens Gate Ridge, average dimensional ratios fo r  

conglomerate clasts is 4.3:2.1:1.

In thin section, the l ineat ion is caused by the dimensional 

preferred or ientat ion of f ine ca lc i te  and ch lo r i te  grains which are 

not in te rna l ly  disrupted. Due to d i f f i c u l t y  in th in-sect ion 

preparation slates could not be examined microscopically, but l inea­

t ion appears to be formed by or ientat ion of  se r ic i te  and quartz grains.

The geometry o f  l ineations in the duct i le  s ty le  domain is sum­

marized stereographically in Figure 10. Att i tudes are remarkably 

consistent, having one well defined maximum and an attenuated great 

c i rc le  g ird le  generated by fo ld ing about a north-northeast-plunging 

axis. The average l ineat ion plunges 25°/099°, which is  very nearly 

paral lel to the average dip of  the fo l ia t io n  (compare Figs. 5 and 10).

Origin of  fo l ia t io n  and l in e a t ion . The type of  fo l ia t io n  des­

cribed above is s im i lar  to s t ra in -s l ip  cleavage described by Turner 

and Weiss (1963, p. 98), in which each cleavage plane represents a 

discrete zone that has localized slippage. This cleavage plane 

separates two laminae in which shear stra in was re la t i ve ly  homogeneous 

and grains were not disrupted (Fig. 8). In th is  way, fo l ia t io n  was 

promoted by f la t ten ing  and/or rota t ion of grains with in the laminae, 

and by cataclasis along the cleavage plane. Lineation, meanwhile, 

formed in response to duct i le  elongation of  grains and drag across 

the cleavage plane.
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F i g .  3 Schematic diagram showing development of strain slip 
foliation "s" and shear lineation "1".
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Since there is no evidence fo r  the fo ld ing  necessary to form an 

axia l-p lane f o l i a t i o n ,  especia l ly  in the map area (Plate 1); both 

f o l i a t io n  and l inea t ion  are believed to have arisen from intense 

shearing. Therefore, the l ineat ion  is  considered to be a tectonic 

"a" l inea t ion ,  ind ica t ing  the d irec t ion  of  tectonic  transport . This 

d irec t ion  as shown by Figure 10 is in the 099° - 279° l in e ;  and 

observations of  shape and symmetry o f  deformed grains (see Fig. 8) 

show that the overlying rocks were transported westward or the under­

ly ing rocks eastward. This re la t ive  sense o f  motion is  s im i la r  to 

that of the superjacent Rapid River Thrust (Hamilton, 1963).

Onasch (1979), invest igat ing a port ion o f  Seven Devils terrane 

near Slate Creek, defined an isoc l ina l  fo ld ing  event as the f i r s t  of 

three deformations. Though such folds are known to ex is t  elsewhere 

(e.g.:  near Luc i le ,  Idaho), there is  no evidence fo r  isoc l ina l  folds 

in the area of  Plate 1. Whether f o l i a t io n  was formed by isoc l ina l  

fo ld ing or by over-(under?) th rust ing ,  the geometry would be very 

s im i lar .

Second Deformation. The second (?) phase of  deformation of 

Seven Devils rocks involved the development o f  large-scale warps in 

bedding. Figures 9a and 9b exh ib i t  the resul ts  o f  a domainal analysis 

o f  bedding measurements from the Seven Devils Group and Martin Bridge 

Formation. Domain I consists of  the area north of  Luci le ,  Idaho, 

whereas domain I I  occurs south o f  Luci le. The inferred fo ld  axis 

fo r  domain I plunges gently to the northeast and agrees closely with
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Fig. 9 Domainal analysis of bedding attitudes in the Martin 
Bridge Formation and Seven Devils Group rocks. Contour 
intervals at 2, 4, and 8% per 1 % area.
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Fig. 10 Orientation diagram of lineations measured in the 
ductile zone of deformation of Seven Devils terrane. 
Contour intervals at 1, 2,  5 , and 10% per 1% area.

N

o

65

Fig. 11 Orientation diagram of kink fold axes measured in 
Seven Devils terrane. Contour intervals at 1, 2, 5, 10, 
and 15% per 1% area.
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Fig. 12. Sketch of kink fold in foliated Martin Bridge F o r ­
mation, from road cut in the Shingle Creek drainage.
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Onasch's (1979) data. Bedding in  domain I I  (Fig. 9b) has been folded 

about a south-southeast-p lunging a x is ,  which is  not apparent in any 

o ther  data presented here.

Third Deformation. The t h i r d  (?) phase o f  deformation consis ts  

o f  non-pervasive kink fo lds  o r  chevron fo lds developed a t  the outcrop 

scale and la rg e r ,  in  f o l i a t e d  rocks. D irec t  observation v e r i f i e s  

th a t  these fo lds  are responsible fo r  the f i r s t - o r d e r  v a r ia t io n  ( i . e . :  

g re a t - c i r c le  g i rd le s )  in graphic data f o r  f o l i a t i o n  and l in e a t io n  

(see Figs. 6 and 10).

A t t i tudes  o f  k in k - fo ld  axes are shown in Figure 11. Though 

there is  some v a r ia t i o n ,  the maxima ind ica te  axes th a t  gently  plunge 

to the nor th -nor theast  and south-southwest. The former a t t i t u d e  is  

compatible w ith  fo ld in g  in fe r red  from Figures 6 and 10. A sketch o f  

a typ ica l  k in k - fo ld  is  shown in Figure 12.

Timing o f  Deformation. The r e la t i v e  t im ing o f  the three phases 

described above is  uncerta in . The on ly  observable temporal r e la t i o n ­

ship is  tha t  f o l i a t i o n  and l in e a t io n  precede kink fo ld in g .  In addi­

t i o n ,  there are no c ross -cu t t ing  re la t ion sh ip s  o f  these phases w i th  

e i t h e r  reverse fa u l t i n g  in  the b r i t t l e  domain or  motion along the 

Rapid River Thrust. The p rox im i ty  o f  a l l  these tec ton ic  elements, 

along w ith  t h e i r  s im i la r  sense o f  motion, sugnests tha t  they may be 

g e n e t ica l ly  re la ted  to the same dynamic system. They may, in  f a c t ,  

be e s s e n t ia l l y  simultaneous, though there is  no d i r e c t  evidence fo r  

t h i s .
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The absolute age(s) o f  deformation in  Seven Devi ls  terrane may 

be constra ined by several datable geologic events. Except f o r  minor 

te c ton ic  adjustments, deformation is  c e r ta in l y  l im i te d  to pre-Miocene 

t ime by the e s s e n t ia l l y  undeformed nature o f  ove r ly ing  Columbia River 

Basalts. The Rapid River Thrust i s  considered by Hamilton (1963) to 

be p o s t -e a r ly (? )  Cretaceous because i t  cross-cuts  metamorphism pre­

sumed to be o f  tha t  age.

Onasch (1979) reports  th a t  deformation o f  the Riggins te r rane ,  

above the Rapid River Thrust ,  i s  s p a t i a l l y ,  and the re fo re  g e n e t ic a l l y ,  

re la ted  to  metamorphism and in t ru s io n  o f  the Idaho b a th o l i t h ,  which 

occurred dur ing the mid- to  la te-Cretaceous (Hyndman and others ,

1975). This in ference is  considered to  be tenuous, p a r t i c u la r l y  since 

the Rapid River Thrust i s  e i t h e r  obscured by metamorphism or  c ross-cu t  

by the b a th o l i t h  north o f  the Riggins area (Hamilton, 1963, p la te  1). 

Hyndman (verbal communication, 1980) argues tha t  the regional meta­

morphism post-dates the la te  T r ia s s ic  Mart in Bridge and Luc i le  

formations and pre-dates the Late Cretaceous Idaho b a th o l i t h ,  but the 

ava i lab le  data do not permit  f u r t h e r  co n s t ra in t  o f  the t im ing .  Onasch 

(1979) also states th a t  the Rapid River Thrust occurred a f t e r  meta­

morphism and is  th e re fo re ,  "no o lde r  than la te  Cretaceous", and is  

poss ib ly  concurrent w i th  o ther  la te  Cretaceous ove r th rus t  s t ruc tu res  

o f  western North America.
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CHAPTER IV 

DISCUSSION

S im i l a r i t i e s  between qreenstones o f  eastern Oreqon and modern 

is land-arc  systems were f i r s t  recognized by G i l l u l y  (1935). U t i l i z i n g  

geochemical and pe t ro log ic  evidence, Hamilton (1963) rekindled the 

notion tha t  Riggins Group and Seven Devils Group rocks were deposited 

in  an environment very s im i la r  to  the modern Aleut ian Is lands. More 

recent geochemical re su l ts  (Batiza and V a l l i e r ,  1976) support Hamilton 

showing tha t  the s p i l i te -ke ra to p h y re  associat ion o f  Seven Devils 

terrane was o r i g i n a l l y  c a lc -a lk a l in e  in nature, typ ica l  o f  modern 

volcanic  arc systems. Métal logénie evidence fu r th e r  supports the 

is land-arc  hypothesis, in tha t  ore deposits such as the Red Lodge and 

Iron Dyke in the Seven Devils D i s t r i c t  (Frederickson and others,  1976) 

c lose ly  resemble the Kuroko deposits o f  Honshu Is land,  Japan (Lambert 

and Sato, 1974).

The is land-arc  associat ion appears to be well establ ished, though 

the de ta i led  s t ru c tu ra l  h is to ry  is  s t i l l  unclear.

Controversy concerning the o r ig in  o f  the Seven Devils terrane 

was i n i t i a t e d  by Hyndman and Talbot (1975) who aroued th a t  the rocks 

represent an accreted terrane. They c i ted  the presence o f  sheared 

se rpen t in i tes ,  metagabbros and westward-directed th rus t ing  (or east­

ward under- th rus t ing )  as evidence. Hamilton (1976), using geochemical
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data, advanced the hypothesis tha t  Seven Devi ls rocks represent a 

p a r t i a l l y  subducted is land-arc .  Brooks and V a l l i e r  (1978) also pro­

posed an al lochthonous o r ig in  f o r  the Seven Devils arc system and 

suggested tha t  port ions o f  the Riggins Group represent oceanic 

c rus t .

Onasch (1976, 1979) and Scholten and Onasch (1977), u t i l i z i n g  

extensive mapping and s t ruc tu ra l  i n te r p r e ta t i o n , contended, however, 

tha t  deformation in  the region is  d i r e c t l y  re la ted to in t rus ion  and 

u p l i f t  o f  the Idaho b a th o l i th .

I t  is  c lear  from the c o n f l i c t i n g  proposals summarized above 

tha t  the ju x ta p o s i t io n  of  Seven Devils terrane and b a th o l i th ic  - 

metamorphic terrane is  not understood. Two basic themes are ev ident:  

1) p a r t ia l  subduction and accret ion to the cont inent o f  an is land-arc  

during eastward underthrust ing ;  and 2) over thrus t ing  o f  an on-shore 

volcanic arc by a r i s in g  and l a t e r a l l y  spreading b a th o l i th .  The 

r e la t i v e  sense o f  motion would be the same in e i th e r  case. Further­

more, the two cases may not be incompatible.

The key evidence f o r  d isc r im ina t ing  between the two a l te rn a t ive s  

is  the t im ing o f  th ru s t  f a u l t i n g  r e la t i v e  to tha t  o f  in t rus ion .  In 

the case o f  accre t ion ,  underthrust ing is  expected to precede i n t r u ­

sion at  any given loca t ion  w i th in  the vo lcanic arc (Karig and Sharman, 

1975), On the other hand, over th rus t ing  should occur simultaneously 

w i th ,  or  a f t e r ,  in t rus ion .
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Unfor tunate ly ,  no d i r e c t  l i n e  o f  evidence f o r  the r e la t i v e  

t im ing o f  in t rus ion  and th ru s t in g  has been discovered in the Seven 

Devils Mountains. I f ,  as Onasch (1979) contends, metamorphism pre­

ceded th ru s t in g  along the Rapid River Thrust,  and i f  the metamorphism 

was caused by b a th o l i t h i c  in t ru s io n ,  then at  leas t  some th ru s t in g  is  

c e r ta in l y  re la ted  to b a th o l i t h i c  upwell ing. These observations do 

not,  however, necessar i ly  preclude underthrust ing (subduction) at  an 

e a r l i e r  t ime; p a r t i c u la r l y  since the sense o f  motion would be the same.

I t  i s  the fe e l in g  o f  the author tha t  the simplest  in te rp re ta t io n  

requires only a s ing le  deformational sequence o f  events. The increas­

ing in te n s i t y  o f  deformation from Hells  Canyon to  the Salmon River 

Canyon observed in th is  study, along w i th  tha t  observed by Onasch 

(1979) from west to east in the Riggins te rrane ,  also suggests the 

same conclusion. Moreover, i t  suggests tha t  the impetus f o r  d e fo r ­

mation was generated to the east and was d irec ted toward the west.

Speculative Geologic His tory

Speculations concerning the geologic h is to ry  o f  the Seven Devils 

Mountains are summarized in Figures 13a through 13d. The in te rp re ­

ta t io n s  presented are drawn from l i t e r a t u r e  already referenced, and 

by the present f i e l d  work in the Seven Devils Mountains and other 

areas presumed to  be parts o f  Wrangel l ia.  The diagrams are s e l f -  

explanatory, though several po in ts should be stressed.

From mid-Permian to  la te  T r ia ss ic  t ime, a vo lcanic arc resided 

somewhere o f f  the coast o f  western North America. This is an
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su

c r a t o n
ea

ma n t l e

Fig. 13a Reconstruction of Seven Devils tectonic setting
during mid-Triassic time. Extensive calc-alkaline vol- 
canism and the development of andesitic stratovolcanoes 
in the Seven Devils arc are shown.

L u c ile  S la te ,M a rtin  Bridge Fm.

Seven Devils Gp,. R igg ins Gp.

Fig. 13b Latest Triassic reconstruction, showing erosion 
of the volcanic arc with subsequent clastic and reef 
deposition. Spilite-keratophyre porphyrys have intruded 
the volcanic pile.
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Fig. 13c Late Jurassic reconstruction, showing intrusion 
of Jurassic diorite and quartz diorite stocks into the 
Triassic arc. This may have occurred in response to 
westerly situated subduction.

Ropid R iv e r T hrus t

Idoho

B a th o lith

Fig. 13d Late Cretaceous-early Tertiary reconstruction, 
showing emplacement of the Idaho batholith and related 
rocks. Thrust faults, generated by lateral spreading 
of the batholithic terrane, have fragmented the old 
volcanic arc and back-arc basin.
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unusually lonq- l ived  volcanic is land arc by modern standards, and i t  

is  suggested tha t  there may have been more than one phase o f  arc 

development during that  period (see Brooks and V a l l i e r ,  1978).

During t h i s  t ime, rocks o f  the Seven Devils Group were deposited 

as abundant andes i t ic  py roc las t ics ,  basa l t ic  and andesit ic  f lows, 

numerous e p ic la s t ic  beds, w i th  many unconformit ies. Riggins Group 

rocks probably were simultaneously deposited as d is ta l  equivalents 

o f  the Seven Devils Group in a basin behind the arc.

During la te  T r iass ic  t ime, volcanism in the Seven Devils arc 

ceased and the arc ra p id ly  subsided, resu l t ing  in development o f  

extensive coral reefs and carbonate banks. At th is  t ime, the back- 

arc basin became stagnant and black euxin ic shales were deposited.

The next recorded event is  the in t rus ion  o f  the Seven Devils 

rocks by the Jurassic d i o r i t i c  su i te .  These plutons possibly resul ted 

from more wes te r ly -s i ted  subduction.

Sometime a f t e r  the ear ly  Cretaceous, possib ly during la te  Cre­

taceous t ime, the old Seven Devils arc was subjected to a pronounced 

shearing event which was more intense in the eastern part  o f  the 

terrane. At th is  t ime, basinal Riggins Group rocks already deformed 

and metamorphosed were th rus t  in to  s t ruc tu ra l  superposit ion o f  the 

Seven Devils Group arc rocks. This th rus t ing  is  la rge ly  a t t r ibu ted  

to doming and la te ra l  spreading o f  the Idaho b a th o l i th ,  although the 

a l te rn a t iv e  hypothesis o f  underthrusting cannot be precluded.
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Summary

This deformational event is  expressed as two d i s t i n c t  s t ruc ­

tu ra l  s ty le  domains in the Seven Devils Mountains. The east side 

o f  the range, composed mostly o f  sedimentary rocks, deformed in a 

more duc t i le  manner. This d u c t i le  zone is  characterized by promi­

nent f o l i a t i o n  and contained l in e a t io n ,  by ro ta te d , elongated and 

f la t tened  component gra ins,  and by non-pervasive fo ld ing .  D u c t i l i t y  

was probably due to the re la t i v e  weakness o f  the sedimentary sect ion, 

possibly enhanced by la te n t  heat from the cooling Idaho ba tho l i th .

Farther west, deformation o f  the underlying volcanic p i le  is 

characterized by more b r i t t l e  s t ruc tu ra l  elements inc luding pervasive 

fractures and widely spaced reverse fau l ts .

Despite the v a r i a b i l i t y  o f  s t y le ,  the sense o f  motion f o r  both 

zones is  indicated as east-over-west th rus t ing  or underthrustinq.

This is  also compatible with  motion along the Rapid River th rus t  

which superposes rocks o f  the piutonic/metamorphic complex above 

Seven Devils terrane.

A co r re la t ion  between s t ruc tu ra l  elements o f  the b r i t t l e  zone, 

d u c t i le  zone and the metamorphic complex and t h e i r  r e la t i ve  t iming is  

proposed in Table 1. A re la t i v e  time frame fo r  movement on the Rapid 

River Thrust is also depicted. I t  should be noted tha t  correspondina 

s t ruc tu ra l  elements have e s se n t ia l ly  the same sense o f  motion.

As stated above, absolute t im ing o f  deformation cannot be nar­

rowly constrained. However, a t  least  some deformation occurred 

a f t e r  in t rus ion  o f  the Jurassic d i o r i t i c  s u i te ,  as evidenced by
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Table 1. Comparison o f  s t ruc tu ra l  elements from b r i t t l e  and d u c t i le  zones 
( th is  study) and those from the Ripgins Group (Onasch, 1979), 

and suggested re la t i ve  t im ing o f  t h e i r  formation.

c5'
3
i3

Phase B r i t t l e  Zone Duct i le  Zone Metamorphic Comolex 
(Riggins Group)

CD
"ncp.

I 1) Diverse iso c l in a l  folds
3"CD
CD I I 2) Easterly plunging asym­
■o
OQ.

metric fo lds

aO3 I I I . 3) East plunging upr ight
■o
O3"

asymmetric fo lds

<—► CD Q. IV 1) East over west reverse 1) East over west shearing 4) North-south trending up­
1—H3"O

fa u l t in g  and fractures r i g h t ,  symmetric folds

"OCD3 V 2) Northerly trending kinks 5) Northeast-southwest
3 and northeast and south­ trending kink fo lds and
(/)o'3

east piunging warps warps
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lo ca l ly  sheared rocks of  th is  group. I t  is proposed that the shear­

ing o f  Jurassic rocks occurred during phases IV and V (from Table 1), 

which, i t  can be argued from s im i la r  kinematic in terpre ta t ions,  were 

essent ia l ly  contemporaneous late phases o f  deformation. Ear l ie r  

deformation of  Seven Devils rocks referred to by Hamilton (1963, 

p. 16) may be related to phases I ,  I I  or I I I .  No evidence neces­

s i ta t in g  an e a r l ie r  deformation was detected in th is  study.

Table 2 summarizes the t iming of major geologic events recorded 

in Seven Devils rocks as constrained by the available data. The 

c r i t i c a l  relationships are between events 6 through 10. As is  shown, 

there is considerable potential overlap in the ages of  these events. 

This overlap has resulted in the controversy over deformation on the 

west margin of the Idaho bathol i th ,  and no resolution appears to be 

forthcoming.
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Table 2. Postulated t iming o f  geologic events.

Event Tr iass ic Jurassic Cretaceous Reference
8

(O'

3.3"CD
CD■D
O
Q .
C

a
o3
"O
o

CD
Q .

■DCD
(/)C/)

1. Development o f  Seven 
Devils arc

2. Deposition o f  Martin 
Bridge, Luc i le  Fms.

3. Deposition o f  
Riggins Group

4. In t rus ion  o f  
D io r i te  Suite

5. Metamorphism

6. Deformation {Phases 
I ,  I I ,  I I I ,  Table 1)

7. Deformation (Phases 
IV, V, Table 1)

8. Movement on Rapid 
River Thrust

9. In t rus ion of  Idaho 
ba tho l i th  and asso­
ciated metamorphism

(not d e f i n i t e l y  known)

V a l l i e r ,  1977

Hamilton, 1963

Hamilton, 1963

Hamilton, 1963 

Hamilton, 1963

Onasch, 1^79

This study, 
Onasch, 1979

This study, 
Hamilton, 1963

Hyndman and 
others, 1975

ro



CHAPTER V 

CONCLUSIONS

Seven Devil s-Wrangel1ian te rrane represents a Permian through 

T r ia s s ic  is land  arc system which resided an unspec i f ied  d is tance 

o f fsho re  o f  western North America. I t  i s  suggested here th a t  the 

d is tance was r e l a t i v e l y  l im i t e d  so as to  a l low  the development o f  a 

r e s t r i c t e d ,  b lack shale basin in  the black arc area. The presence 

o f  common, subvolcanic i n t r u s i v e  rocks,  consanguineous w i th  the 

vo lcan ic  p i l e ,  suggest th a t  a vo lcan ic  center  was located in the 

area o f  the Seven Devi ls  Mountains.

A l l  phases o f  deformation present in  Seven Devils  rocks near 

Riggins,  Idaho, are dynamically  congruent w i th  each o the r ,  a r i s in g  

from east-west o r ien ted  fo rces ,  w i th  the primary sense o f  motion 

being east block over west. This motion is  compatible w i th  th a t  

in te rp re te d  f o r  the o v e r r id in g  Rapid River t h ru s t ,  and w i th  th a t  f o r  

l a t e  phases o f  deformation in  the t e c t o n i c a l l y  superposed Riggins 

te rrane .

I n te r p r e ta t io n  o f  s t r u c tu r a l  elements is  in  agreement w i th  both 

genet ic  i n t r e p r e t a t i o n s ; 1) p a r t i a l  subduction or  under th rus t ing ;

and 2) upwel l ing o f  the plutonic /metamorphic  te rrane in the east.

The author suggests th a t  re s o lu t io n  o f  t h i s  problem may be 

aided by d e ta i le d  in v e s t ig a t io n  o f  the var ious contacts between

43
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geologic  te rrenes.  This could reveal p rev ious ly  unrecognized c ross­

c u t t in g  re la t io n s h ip s  and b e t te r  r e l a t i v e  age determinat ion o f  

s t ru c tu ra l  elements. Synorogenic sedimentary depos i ts ,  i f  d iscovered, 

could also a s s is t  in  the da t ing  o f  motion along th ru s t  f a u l t s  o f  the 

region.  However, i t  is  poss ib le  th a t  there is  no d e f i n i t i v e  evidence 

which v e r i f i e s  e i t h e r  deformational model.
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Appendix 1. Genera l ized s t r a t i g r a p h ie  s e c t io n  o f  Seven D ev i ls  
t e r ra n e  in the  area o f  P la te  1.
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