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INTRODUCTION 

The east-central Alaska region extends west from the Canadian border to the 
southeast edge of the Koyukuk basin, and north from the Yukon-Tanana upland to the 
southeast flank of the Brooks Range (fig. 1). The region encompasses all or parts 
of thirteen 1:250,000 quadrangles and covers an area of about 140,000 km2. 

The physiography of the region (Wahrhaftig, this volume) is extremely diverse 
( f i g  1 )  Steep mountainous areas having high to moderate relief include parts of 
the Ogilvie Mountains, White Mountains, Yukon-Tanana upland, Ray Mountains, and 
southeastern Brooks Range. Areas of dissected plateaus and rolling hills with 
moderate to low relief include the Porcupine plateau and the Kokrinea-Hodzana 
upland. Lowlands characterize the Yukon Flats basin and extend upstream into 
other parts of the Yukon River and Porcupine River drainage basins. 

e 
'4 

Bedrock exposures are severely-1-imited in most of the east-central Alaska 
region. Mountainous areas are locally glaciated, but except in the most rugged 
parts of the Ogilvie Mountains and parts of the Brooks Range, bedrock is 
extensively mantled by surficial cover and the colluvial products of alpine .,'*, 
weathering processes. Stream cuts commonly offer the best exposures in generally 
forested or tundra covered areas of moderate relief. Lowland areas have few pre- 
Cenozoic bedrock exposures because of extensive surficial cover and tundra. 

The pioneering reconnaissance studies by Y. 0 .  Mertie and his predecessors 
were carried out in the east-central ~ L a s k a  region prior to 1940. A relatively 
small group of geologists conducted the basic geologic mapping during the 1960's 
and 197OCs that defined the stratigraphic and structural framework of the region 
and that forms the foundation of more recent studies. Among these mappers, to 
whom I am especially indebted, are E. E. Brabb and Michael Churkin, Jr., in the 
Charley River and Black River quadrangles; H. L. Foster, in the Eagle quadrangle 
and the Yukon-Tanana upland; R. M. Chapman and F. R. Weber, in the Tanana and 
Livengood quadrangles; and W. P. Brosge and H. N. Reiser, in the southeastern 
Brooks Range. Although the list of references accompanying this chapter attests 
to the number of contributors to the geology of the region, the fundamental 
contributions of these seven cannot be overestimated. Among the major geologic 
features of the east-central Alaska region that they helped define are the Charley 
River, Livengood, and southeastern Brooks Range fold-and-thrust belts; the low- 
grade metamoxphic and plutonic complexes of the Ruby geanticline, Yukon-Tanana 
upland, and southern Brooks Range: the Tozitna mafic-igneous and sedimentary 
assemblage; and regionally prominent strike-slip fault systems (fig. 21 .  More 
recent work has emphasized the wide range of stratigraphic facies and structural 
styles characterizing the east-central Alaska region. This work has led Churkin 
and others (1982) and Silberling and Jones (1984) to subdivide the region into 
numerous teetonostratigraphic (lithotectonic) terranes and subterranes (fig. 2; 
Silberling and others, this volume), the identity, origins, and significance of 
which are presently under debate. The application of terrane terminology and 
concepts to the east-central Alaska region, and their implications with regard to 
accretionary tectonics and paLeogeographic reconstruction in interior Alaska, 
raises a number of fundamental questions. Among them are: 
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BOUNDARY OF EAST-CENTRAL 
ALASKA REGION 

EXPLANATION 
1 :250,000 QUADRANGLES (ALASKA) 

1 Arctic 9 Black River 
2 Table Mountain 10 Melozitna 
3 Chandalar 11 Tanana 
4 Christian 12 Livengood 
5 Coleen 13 Cirde 
6 Bettles 14 Charley River 
7 Beaver 15 Eagle 
8 FOR Yukon 

1 :250,000 QUADRANGLES (CANADA) 
16 Blow River - Davidson Mtns. 
17 Old Crow 19 Ogilvie River 
18 Porcupine River 20 Dawson 

Figure 1. Index map showing area of study, quadrangle locations, and main 
physiographic features. 



ALASKA REGION 

EXPLANATION 

REGIONAL TECTONIC FEATURES 

KMF Kobuk-Malamute fault 
T B  Tozitna fault 
KVCF Kaltag-Victoria Creek fault 
LFtB Livengood segment of Cordilleran fold-and-thrust belt 

TECTONOSTRATIGRAPHIC TERRANES 

Arctic Alaska terrane 
AAC Coldfoot subtenane 
AAE Endicott Mountains subterrane 
AAH Hammond subterrane 
AAN North Slope subterrane 

AM Angayucham 
MN Minchumina TZ Tozitna 

Cnz Cenozoic racks MNK Minook VEN Venetie 
CZ Crazy Mountains NAm North American WC Woodchopper Canyon 
K Cretaceous rocks PC Porcupine WHM White Mountains 
KA Kandik River WS Wickersham 

Figure 2 .  Major geotectonic features and tectonostratigraphic terranes . (*, 
terranes af ter  Silberling and others, t h i s  volume, Silberling and Jones, 
1 9 8 4 ,  and Churkin and others, 1982) 



(1) HOW i n t e r n a l l y  c o n s i s t e n t  and d i s t i n c t  a r e  t h e  s t r a t i g r a p h i c  and 
s t r u c t u r a l  frameworks of t h e  t e r r a n e s  prev ious ly  des igna ted  f o r  e a s t - c e n t r a l  
Alaska? A r e  t h e r e  s i m i l a r i t i e s  a s  w e l l  a s  d i f f e r e n c e s  among t h e s e  t e r r a n e s ,  and 
i f  so ,  how a r e  t hey  explained? 

(2 )  What i s  t h e  c h a r a c t e r  of terrane-bounding s t r u c t u r e s ?  Can major Suture  
zones be i d e n t i f i e d  i n  e a s t - c e n t r a l  Alaska? If so, how do they relate t o  o t h e r  
major s t r u c t u r a l  f e a t u r e s  known i n  t h e  region, such a s  fold-and-thrust  belt  
s t r u c t u r e s  o r  s t r i k e - s l i p  f a u l t s ?  

( 3 )  How and where did t h e  ul t ramafic-bear ing mafic  vo l can i c /p lu ton i c  
sequences of e a s t - c e n t r a l  Alaska o r i g i n a t e ,  and how were they  emplaced a t  t h e i r  
p r e sen t  s i t e s ?  

( 4 )  What is t h e  s i g n i f i c a n c e  of t h e  g r a n i t i c  plutonism and metamorphic 
o v e r p r i n t  t h a t  c h a r a c t e r i z e  sqme t e r r a n e s ,  and how d i s t i n c t  a r e  t h e  metamorphic 
d i f  f e r enees  between t e r r a n e s ?  ' ""'", -+ 

(5) Is t e r r a n e  a c c r e t i o n  requi red  t o  exp la in  t h e  geologic  framework of e a s t -  
c e n t r a l  Alaska, o r  can reasonable  paleogeographic r econs t ruc t ions  be made forb:% 
non-accret ionary model of geo logic  development, a s  wel l?  

The approach t aken  i n  t h i s  chapter  is first t o  b r i e f l y  d e s c r i b e  t h e  geology 
of r e p r e s e n t a t i v e  a r e a s  wi th in  t h e  e a s t - c e n t r a l  Alaska reg ion  ( f i g .  3 ) ,  us ing  
newly compiled geologic  maps f o r  each of t h e  a r ea s .  The a r e a s  cons idered  are: (A1 
Charley River ,  (B) Livengood, (C) Ray Mountains, (Dl Beaver, and (E) Coleen. Each 
of t h e s e  a r e a s  has  undergone recent  work o r  is  c r i t i c a l l y  s i t u a t e d  wi th  r e spec t  t o  
r e g i o n a l  geo logic  problems and lends  i t s e l f  t o  re -eva lua t ion  i n  Light  o f  new 
s t u d i e s  e lsewhere i n  t h e  reg ion .  Together, t h e s e  f i v e  areas encompass most of t h e  
bedrock exposed i n  t h e  e a s t - c e n t r a l  Alaska reg ion .  Next, important  t o p i c a l  
problems of r eg iona l  o r  i n t e r r e g i o n a l  s i g n i f i c a n c e  a r e  d i s cus sed  wi th in  t h e  
con tex t  of t h e  a r e a l  geology as p r e s e n t l y  understood o r  i n t e r p r e t e d ,  and t h e  
ques t i on  of t e r r a n e  a c c r e t i o n  is considered.  I n  a b r i e f  concluding s e c t i o n ,  a 
p r e f e r r e d  paleogeographic  and geo tec ton i c  model is  suggested.  

GEOLOGIC S-ES OF REPRESENTATIVE ABXX3 

Charley R i v e r  Ares 

A s  d e f i n e d  here, t h e  Charley River  a r e a  inc ludes  t h e  parts of t h e  Charley 
River and n o r t h e a s t  Eagle 1:250,000 quadrangles  l y i n g  n o r t h  of t h e  T i n t i n a  fault 
zone ( f i g .  3 ) .  Rocks of t h e  Yukon-Tanana upland south of t h e  T i n t i n a  zone a r e  
d i s cus sed  by Foster and o t h e r s  ( t h i s  volume). 

Previous m r k .  Geologic observa t ions  were f i r s t  made i n  t h e  Charley River 
r eg ion  by p ionee r ing  Alaskan g e o l o g i s t s  such a s  P r i n d l e  (1905,  1906, 19131, Kindle 
(19081, Brooks and Kindle (1908) ,  and Cairnes  (1914): bu t  t h e  reconnaissance 
studies of Mertie (1930,  1932, 1937) l a i d  the groundwork f o r  subsequent geologic  
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A Charley River (Fig. 4) D Beaver (Fig. 16) 
8 Livengood (Fig. 8) E Coleen (Fig. 18) 
C Ray Mountains (Fig. 12) 
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BOUNDARY OF EAST-CENTRAL 
ALASKA REGION 

EXPLANATION 
1 :250,000 QUADRANGLES (ALASKA) 

1 Arctic 9 Black River 
2 Table Mountain 10 Melozitna 
3 Chandalar 11 Tanana 
4 Christian 12 Livengood 
5 Coleen 13 Cirde 
6 Bettles 14 Charley River 
7 Beaver 15 Eagle 
8 Fort Yukon 

1 ;250,000 QUADRANGLES (CANADA) 
16 Blow River - Davidson Mtns. 
17 Old Crow 19 Ogilvie River 
18 Porcupine River 20 Dawson 

Figure 3 .  Location of representative geologic map areas discussed in t e x t  and 
illustrated in succeeding figures. 



investigations in this part of east-central Alaska. For the past 20 years, the 
work of  Brabb and Churkin has served as the geologic standard for the Charley 
River area. Current work relies largely on the distribution of rock units mapped 
by Brabb and Churkin (1969) and on the stratigraphic relations worked out during 
the course of their mapping (Brabb, 1967, 1969; Brabb and Churkin, 1967; Churkin 
and Bxabb, 1965a,b). Reconnaissance petroleum and mineral exploration during the 
past 10 years has led to the realization that thrust faulting was an important 
deformational mechanism in the Charley River and adjacent areas (Gardner and 
others, 1984; unpublished data of British Petroleum Corporation and Louisiana Land 
and Exploration Corporation), and recent work suggests that the area lies within 
an extension of the northern Cordilleran fold-and-thrust belt of Canada (Dover, 
1985a). Norris (1982, 1984) mapped a comparable style of folding and thrusting in 
adjacent Yukon Territory. 

Stratigraphic and structural framework. The most recent map compilations of 
the Charley River area arerthosaof Dover (1988) and Dover and Miyaoka (in press), 
shown in simplified form in figure ' 4  .---The pattern of distribution of 
stratigraphic units on the map results from the tectonic repetition of a variety 
of stratigraphic sequences within a belt of folding and thrusting that extends 
across the entire Charley River area. The geology of parts of the Dawson and ,,., 
Ogilvie River quadrangles in adjacent Yukon Territory is compiled from Norris 
(1982) on figure 4 in order to illustrate the regional continuity of stratigraphic 
and structural trends. 

The thrusted stratigraphic sequence in the eastern part of the Charley River 
area comprises a predominantly carbonate and marine clastic succession as much as 
11,000 rn thick of Middle Proterozoic to Early Cretaceous age (fig. 5). Detailed 
stratigraphic descriptions of the succession can be found in the reports by Brabb 
and Churkin already.listed, and in reports by Clough and Blodgett (l984), Young 
(1982), and Laudon and others (1966). The three most prominent thrust repetitions 
involve two key stratigraphic units: (1) Late Proterozoic and(or) Lower Cambrian 
strata of the upper part of the Tindir Group, which includes Oldhamia-bearing 
beds in two of the repeated sections and basaltic volcanics and redbeds in all 
three sections, and (2) the Permian Tahkandit Limestone and Triassic limestone and 
shale of the lower part of the Glenn Shale, also found in all three structurally 
repeated sections. The moderate- to low-dip of the bounding thrusts can be 
observed locally in bedrock exposures, but more commonly, it is interpreted from 
mapped thrust traces. The older-on-younger pattern o f  thrust repetition required 
by the map patterns for the main thrust-bounded sequences in the southeastern part 
of the map is illustrated in the five structure sections shown in figure 6. 
Numerous imbricate fault splays complicate the internal structure of each of the 
thrust-bounded sequences, but the principal sole thrusts are indicated on both the 
map and the structure sections. The structure sections are constructed from 
surface geologic controls using classic fold-and-thrust belt styles and geometric 
rules (see Dover, in press). However, because of limited stratigraphic control, 
the sections should be considered conceptual rather than balanced. 

Map patterns also demonstrate that at least some of the prominent faults in 
the western Charley River area are older-on-younger thrusts. The Snowy Peak and 
Threemile Creek thrusts, for example, bring late Paleozoic or older strata over 
Lower Cretaceous rocks of the Kandik Group (fig. 4 ) .  However, in contrast t o  the 
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Figure 5. Generalized stratigraphic columns of t;he Charley River area. See 
figure 3 for area location, and figure 4 for terrane locations and 
explanation of map units (letter symbols in parentheses). 
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EXPLANATION OF FOSSIL SYMBOLS 

6 Mainly brachipods / Graptoliles 
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6 Pianls 

EXPLANATION OF LITHOLOGIC SYMBOLS 

Siliceous shale and chert c] s,,dg.ne .....A Basalt, pillow basalt 

Limeslone and dolomile Shale --- Diabase and gabbro 

Cong!ornerate Tuff 





e a s t e r n  p a r t  of t h e  Charley River  a r ea ,  t h e  s t r a t i g r a p h i c  sequences involved i n  
t h r u s t i n g  i n  t h e  western p a r t  a r e  mainly c l a s t i c  rocks, bedded chert, and 
a s s o c i a t e d  mafic  igneous rocks of e a r l y ,  middle, and l a t e  Pa leozoic ,  and Mesozoic 
ages  ( f i g .  5 ) .  The d r a s t i c  l i t h o l o g i c  d i f f e r e n c e s  between t h e s e  sequences and 
coeva l  ones i n  t h e  e a s t e r n  p a r t  of t h e  Charley River a r ea  led t o  Jones and o t h e r s  
(1981)  and Churkin and o t h e r s  (1982) de s igna t e  t h e s e  western sequences a s  s e p a r a t e  
t e c t o n o s t r a t i g r a p h i c  t e r r a n e s .  Although some of t h e s e  t e r r a n e s  are bounded by 
t h r u s t  f a u l t s  comparable i n  s t y l e  and magnitude t o  t hose  elsewhere i n  t h e  fo ld -  
and- thrus t  b e l t  of t h e  Charley River a r ea ,  t h e  c h a r a c t e r  of t h e  bounding 
s t r u c t u r e s  of t h e  rest of  t h e s e  t e r r a n e s  is  equivocal  because of poor exposures .  

S t r a t i g r a p h i c  v a r i a t i o n s  i n  t h e  Charley River fold-and-thrust  belt--Although 
t h e  s t r a t i g r a p h i c  success ion  involved i n  t h e  e a s t e r n  p a r t  of t h e  Charley River  
fold-and-thrust  belt i s  g e n e r a l l y  t h e  one def ined  by Brabb and Churkin, numerous 
d i f f e r e n c e s  occur  i n  t h e  success ions  of var ious  t h r u s t  p l a t e s  ( f i g .  7 )  a s  a  r e s u l t  
of f a c i e s  v a r i a t i o n s  and ae-veraLrnajor unconformities (see f i g .  5 and d i scus s ion  
by Dover, i n  p r e s s ) .  Va r i a t i ons  occur-along s t r i k e  wi th in  i n d i v i d u a l  t h r u s t  
p l a t e s  a s  w e l l  a s  between d i f f e r e n t  t h r u s t  p l a t e s .  For example, t h e  predominant 
carbonate  and q u a r t z i t e - a r g i l l i t e  components of t h e  upper p a r t  of the T i n d i r  
Group, a s  w e l l  a s  subord ina te  i n t e r l a y e r s  of c h e r t - c l a s t  conglomerate, d i a r n i c t w r '  
redbeds,  and b a s a l t i c  vo l can i c  and v o l c a n i c l a s ~ i c  rocks,  i n t e r f i n g e r  w i th in  t h e  
Yukon and Three C a s t l e  Mountain t h r u s t  p l a t e s  ( f i g s .  4 and 7 ) .  One example of 
f a c i e s  t e l e scoped  a c r o s s  a  t h r u s t  boundary involves  t h e  Jonas Ridge Limestone and 
coeva l  bu t  more a r g i l l a c e o u s  Ordovician t o  Cambrian s t r a t a  a c r o s s  t h e  Tatonduk 
t h r u s t .  Another example is  t h e  v a r i a t i o n s  i n  l imestone and c h e r t - c l a s t  
conglomerate components between t h e  Permian Tahkandit Limestone and S t e p  
Conglomerate t h a t  occur  i n  t h r u s t  slices of t h e  Nation River  t h r u s t  system ( f i g s .  
4 and 7 ) .  Thrus t ing  a l s o  juxtaposed sequences i n  which d i f f e r e n t  amounts of  
s e c t i o n  a r e  miss ing  beneath a t  l e a s t  fou r  major unconformit ies  t h a t  punc tua te  t h e  
Middle P ro t e rozo ic  t o  Lower Cretaceous succession of t h e  e a s t e r n  p a r t  of  t h e  
Charley River  a r e a  (see f i g .  5 ) .  The unconformit ies  a r e :  (1) between t h e  upper 
(Lower Cambrian and (o r )  Late  P ro t e rozo ic )  and lower (Middle P ro t e rozo ic )  p a r t s  of 
t h e  T i n d i r  Group, (21 below t h e  Nation River  Formation (Upper Devonian), ( 3 )  below 
t h e  Tahkandit  Limestone and S t e p  Conglomerate (Permian),  and ( 4 )  between t h e  upper 
(Lower Cretaceous and J u r a s s i c )  and lower (Middle and Upper T r i a s s i c )  p a r t s  of t h e  
Glenn Sha le .  The most d r a s t i c  and abrupt  d i f f e r e n c e s  are i n  t h e  amount of s e c t i o n  
miss ing  beneath t h e  unconformity a t  t h e  base of t h e  Permian s e c t i o n ,  which rests 
d i r e c t l y  on upper T i n d i r  s t r a t a  i n  t h e  Nation River  t h r u s t  complex ( f i g s .  4 and 
7). Figure  7 r e p r e s e n t s  a p re l imina ry  at tempt  t o  r e c o n s t r u c t  f a c i e s  p a t t e r n s  
p r i o r  t o  t h r u s t i n g  a c r o s s  t h e  sou theas t e rn  p a r t  of t h e  t h r u s t  bel t .  L i t t l e  is  
known about  f a c i e s  v a r i a t i o n s  and unconformit ies  wi th in  t h e  s t r a t i g r a p h i c  
sequences of t h e  western p a r t  of  t h e  Charley River  fold-and-thrust  belt.  

D i r e c t i o n  and amount of t e c t o n i c  transport--Most t h r u s t s  i n  t h e  Charley River  
quadrangle  have n o r t h e a s t  t r e n d s  and underwent t e c t o n i c  t r a n s p o r t  toward t h e  
sou theas t ,  based on t h e  t r e n d s  of th rus t -genera ted  fo ld s ,  r e g i o n a l  d i p s ,  and g ros s  
map p a t t e r n s  of older-on-younger s t r a t i g r a p h i c  r e p e t i t i o n  (see f i g .  4 ) .  Most 
major f o l d s  a r e  up r igh t ,  bu t  a few a r e  over turned  i n  t h e  d i r e c t i o n  of  t e c t o n i c  
t r a n s p o r t .  A few nor thwes t -d i rec ted  back- thrus t s  a r e  i n f e r r e d  i n  p l aces ,  and some 
have been mapped by Nor r i s  (1982) i n  ad j acen t  Yukon T e r r i t o r y .  On t h e  o t h e r  hand, 
t h r u s t s  i n  t h e  sou theas t  co rne r  of  t h e  Charley River  quadrangle  and i n  t h e  
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Figure  7 .  Schematic pre - Ju ra s s i c  s t r a t i g r a p h i c  r e l a t i o n s  i n t e r p r e t e d  from 
r e s t o r e d  t h r u s t  pla tes ,  e a s t e r n  Charley River  fold-and-thrust belt. See 
f i g u r e  4 f o r  explanation of map u n i t s  and f i g u r e  5 f o r  explana t ion  of 
lithologic symbols. 



nor theas t  Eagle quadrangle trend predominantly northwest-southeast  p a r a l l e l  t o  
s t r u c t u r e s  i n  t h e  ad j acen t  Dawson quadrangle of Yukon T e r r i t o r y ,  where t h e  
d i r e c t i o n  of t e c t o n i c  t r a n s p o r t  is  toward t h e  nor theas t ,  based on t h e  same kinds 
of map evidence mentioned above. The remarkable change of 90-110 degrees  i n  
o r i e n t a t i o n  of t h e  Charley River  fold-and-thrust  belt involves  d i r e c t i o n  of 
t r a n s p o r t  a s  w e l l  as s t r u c t u r a l  t rend ,  and t akes  p l ace  a t  an abrupt  "bend" around 
which i n d i v i d u a l  s t r u c t u r e s  can be mapped cont inuously from one t r e n d  t o  t h e  
o t h e r .  The a x i s  of t h e  bend g e n e r a l l y  co inc ides  with t h e  Michigan Creek and o t h e r  
major a n t i c l i n e s  i n  t h e  Charley River map a rea ,  and p r o j e c t s  eas tward  i n t o  a 
narrow zone s e p a r a t i n g  belts of  east-west and north-northeast  s t r u c t u r a l  t r e n d s  i n  
ad j acen t  Yukon T e r r i t o r y  ( f ig .  4 ) .  

Modest amounts of t h r u s t  t r a n s p o r t ,  generally of 5 km o r  less, are  
i n t e r p r e t e d  for most i n d i v i d u a l  t h r u s t  p l a t e s  from t h e  geometr ic  c o n s t r a i n t s  of 
c ros s - sec t ion  cons t ruc t ion ;  t o t a l  shor ten ing  d i s t r i b u t e d  w i th in  some s t r u c t u r a l  
duplexes o r  imbr i ca t e  t h r u s t  zones may be 1 0  km o r  more. Cumulative sho r t en ing  of 
100 km i s  e s t ima ted  f o r  t h e  segment o f t h e  Charley River fo ld-and- thrus t  b e l t  i n  
t h e  Charley River  a r e a .  

Numerous l i s t r i c  normal f a u l t s  a r e  shown on f i g u r e  4 .  These f a u l t s  g e n e r a u p  
involve  Lower Cretaceous rocks of t h e  Kandik Group and Upper Cretaceous t o  
T e r t i a r y  rocks;  i n  p l a c e s  t h e  l i s t r i c  f a u l t s  involve o l d e r  rocks  a s  w e l l .  The 
listric f a u l t s  a r e  i n t e r p r e t e d  t o  s p l a y  from r e l a t i v e l y  s teep-dipping segments of 
t h r u s t  f a u l t s ,  where t h e  t h r u s t s  a r e  i n f e r r e d  t o  ramp upsec t ion .  As a c o r o l l a r y ,  
ramps w e r e  suspec ted  i n  c ross -sec t ion  cons t ruc t ion  below a r e a s  of  abundant l is tr ic  
normal f a u l t i n g  ( f i g .  6) . 

Timing of fo ld-and- thrus t  belt  deformation--Lower Cretaceous rocks a r e  
involved i n  f o l d i n g  and t h r u s t i n g  throughout t h e  Charley River  reg ion .  There is  
no p o s i t i v e  evidence t o  suggest  compressional deformation p r i o r  t o  t h e  Albian 
(Ea r ly  Cretaceous)  i n  t h e  Charley River  fold-and-thrust  bel t ,  b u t  t h a t  p o s s i b i l i t y  
cannot  be e l imina t ed .  L e s s  deformed rocks of Late Cretaceous (Maes t r ich t ian?)  t o  
mid-Paleocene age ( u n i t  TKs) unconfonnably over lap  and pos t -da te  f o l d i n g  and 
t h r u s t i n g  (fig. 4 ) .  I n  t h e  two p l a c e s  where previous mapping sugges ted  t h a t  Late  
Cretaceous t o  T e r t i a r y  were involved i n  t h r u s t i n g ,  new evidence f o r  an Ea r ly  
Cretaceous age of t h e  deformed rocks has  been found (Dover, i n  p re s s ;  Cushing and 
o t h e r s ,  1986) .  Therefore ,  a t  l e a s t  t h e  l a t e s t ,  and probably t h e  main s t a g e  of 
fold-and-thrust  bel t  development occur red  a f t e r  depos i t i on  of  the Albian Kathul 
Graywacks and correlative rocks, and be fo re  unconformable d e p o s i t i o n  of u n i t  TKs 
began i n  Maes t r ich t ian?  time. The same age of deformation i s  i n d i c a t e d  f o r  a l l  
p a r t s  of  t h e  Charley River  fold-and-thrust  b e l t ,  r ega rd l e s s  of  s t r u c t u r a l  t r e n d  
and d i r e c t i o n  of thrust t r a n s p o r t .  

L i s t r i c  normal f a u l t i n g  involv ing  Upper Cretaceous and T e r t i a r y  s t r a t a  a s  
young as Eocene(?) pos t -da tes  compressional deformation. 

Tintina f a u l t  zone--The T i n t i n a  f a u l t  zone c u t s  northwest-southeast  a c r o s s  
t h e  southwest  co rne r  of t h e  Charley River  a r e a .  It s e p a r a t e s  weakly t o  non- 
metamorphosed rocks of t h e  Charley River  fold-and-thrust  b e l t ,  on t h e  nor th ,  from 
igneous and metamorphic rocks of t h e  Yukon-Tanana upland (see F o s t e r  and o t h e r s ,  
1987, and t h i s  volume), t o  t h e  south .  The T i n t i n a  zone i s  expressed  



topographically as a linear trench, which contains Upper Cretaceous to lower 
Tertiary non-marine clastic sedimentary rocks and(or) Cenozoic sediments. It is a 
major strike-slip zone along which significant right-lateral strike-separation 
occurred prior to Late Cretaceous and younger deposition; 450 km of right- 
separation is documented in southern Yukon Territory (Tempelman-Kluit, 1979; 
Gordey, 1981). Although the magnitude of strike-slip that has occurred along the 
part of the Tintina fault zone in the Charley River area cannot be demonstrated 
locally, the Tintina zone's distinctly cross-cutting relation to the Charley River 
fold-and-thrust belt is evident from map patterns. Locally in the Charley River 
area, fold-and-thrust belt structures appear to be dextrally dragged as much as a 
few ten's of kilometers along the Tintina zone. 

Tintina trench-fill deposits are cut by an array of mainly dip-slip or 
oblique-slip faults--some with substantial displacements that accompanied uplift 
of the Yukon-Tanana block south of the Tintina zone. Some of these faults are 
still active (Foster and obhers,1983). As much as 50 km of cumulative post- 
Eocene strike-separation is inferrdd'fo'r faults cutting Tintina trench-fill in 
Yukon Territory (see Hughes and Long, 1979,) and in the Eagle quadrangle (Barker, 
1986; Cushing and others, 19861, suggesting reactivation or continuation of 
Tintina strike-slip motion into post-Eocene time. ,:L, 

Livengood area 

As defined here, the Livengood area includes moat of the Livengood 1:250,000 
quadrangle, as well as the part of the southeast Tanana quadrangle south of the 
Yukon River, and the Crazy Mountains and adjacent parts of the northern Circle 
quadrangle (fig. 3 ) .  The area excludes the Yukon-Tanana upland, described by 
Foster and others (this volume). 

Previous work. Geologic investigations prior to 1935 in the Livengood area 
by Prindle, Brooks, and Eakin, are summarized and incorporated by Mertie (1937) in 
his geologic description of the Yukon-Tanana region. Much of the impetus for 
those and subsequent geologic studies in the area was the discovery of gold and 
the development of placer mines, many of which have operated intermittently to the 
present time. Regional map compilations (1:250,000) by Chapman and others (1971, 
1982) and Foster and others (19831 serve as a basis for current studies in the 
Livengood area. Reports of particular interest include those by Foster (19681, 
Brosgh and others (1969), Davies (1972), Chapman and others (19791, Foster and 
others (1982), Weber and Foster (1982), Albanese (1983), Cady and Weber (19831, 
Robinson (1983), Smith (1983), Cushing and Foster (1984), Weber and others (19851, 
Blodgett and others (1987), Wheeler-Crowder and others (1987), and Weber and 
others (1988) . 

Stratigraphic and structural framework. The degree of structural 
segmentation of the Livengood area and the complexity of its disrupted 
stratigraphy are clear from published geologic maps of the area, and are inherent 
in its subdivision into numerous tectonostratigraphic (lithotectonic) terranes by 
Churkin and others (1982), Silberling and Jones (1984), and Silberling and others 
(this volume). However, the actual character and regional significance of this 



geologic framework are not as obvious. In this summary, the geology of this 
critically situated area is updated in light of new data and work in progress. 

Stratigraphic belts and terranes--The Livengood area contains eleven distinct 
stratigraphic belts** that are separated structurally from one another (fig. 8 ) .  
The bounding structures of the belts are either strike-slip faults or thrust 
faults, but which of these types of fault is represented by individual structural 
boundaries has been in question. The geologic map of figure 8 shows my preferred 
structural interpretation of the Livengood area. This interpretation differs in 
some important details from previously published map interpretations, reflecting 
the uncertainty of some field relations. However, there is general agreement on 
the character of the fault-bounded stratigraphic belts (fig. 9). 

(1) The Wickersham stratigraphic belt, called the Wickersham terrane by 
Silberling and Jones (1984) and the Beaver terrane by Churkin and others (1982), 
is the southeasternmost and str~cturally highest of the stratigraphic belts. It 
consists of the informally named Wkckersham grit unit of Late Proterozoic and 
Early Cambrian age (Weber and others, 1985). The Wickersham grit unit is 
subdivided by Chapman and others (19711 into a lower part of rhythmically 
interbedded grit, bimodal quartzite, slaty argillite, and subordinate chert and,,:., 
maroon and green slate, and an upper part of slaty argillite, maroon and green 
slate, quartzite, black limestone containing floating quartz grains, chert, and 

8 subordinate grit. The grit unit is overthrust from the southeast by greenschist 
facies metamorphic rocks of the Yukon-Tanana upland, thought by Weber and others 
(1985) to be only modestly telescoped and slightly higher grade equivalents of the 
grit unit. 

( 2 )  The Whlte Mountains stratigraphic belt, called the White Mountains 
terrane by Silberling and Jones (1984) and Churkin and others (19821, is 
characterized by the Fossil Creek Volcanics (Ordovician) and the disconformably 
overlying Tolovana Limestone (Silurian). The Fossil Creek Volcanics is 
agglomeratic and has an alkalic basaltic composition. Recent mapping shows that 
(1) the sedimentary and volcanic divisions of the Fossil Creek recognized by 
Chapman and others (1971) are interfingering lateral facies rather than vertically 
stacked units, and (2)  the Fossil Creek Volcanics were deposited on a basement of 
upper Wickersham grit unit that is identical in all respects to the grit unit in 
the Wickersham belt. Moreover, pebbles and cobbles of gritty quartzite resembling 
the Wickexsham grit unit occur: in the agglomeratic volcanic part of the Fossil 
Creek, indicating a nearby source of Wickersham rocks in Ordovician time. The 
character and distribution of Fossil Creek lithologies and their basaltic 

** The term "stratigraphic beltH is used here to denote a typically elongate belt 
of rocks having characteristic stratigraphy or lithologic content that differs in 
some way from that of adjacent belts. This term is used in order to avoid any 
genetic connotation of "suspect" or accretionary origin that may be associated 
with the terms "tectonostratigraphic terrane" and "lithotectonic terrane", either 
by intent or by implication of common usage (for example, see usage in Silberling 
and Jones, 1984, p. A-2; and AGI Glossary, Bates and Jackson, 1987). 
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composition sugges t  a  l o c a l  vo lcan ic  c e n t e r  withih an i n t r a c o n t i n e n t a l  
d e p o s i t i o n a l  b a s i n  with l o c a l l y  s teep ,  perhaps f a u l t - c o n t r o l l e d  topography. From 
t h e s e  l i t h o l o g i c  r e l a t i o n s  and from map evidence f o r  s t r u c t u r a l  ove r tu rn ing  and 
discordance,  t h e  boundary between t h e  White Mountains and Wickersham/Beaver 
t e r r a n e s  is  i n t e r p r e t e d  t o  be a  t h r u s t e d  unconformity of r e l a t i v e l y  sma l l  
displacement .  

Local ly ,  c h e r t -  and q u a r t z i t e - c l a s t  conglomerate and a s s o c i a t e d  c l a s t i c  rocks 
unconformably o v e r l i e  t h e  F o s s i l  Creek-Tolovana s e c t i o n .  The conglomerate i s  
undated b u t  is l i t h o l o g i c a l l y  s i m i l a r  t o  t h a t  i n  t h e  Nation River Formation 
(Devonian) and t h e  S t ep  Conglomerate (Permian) of t h e  Charley River  a r e a .  

Also inc luded  he re  i n  t h e  White Mountains s t r a t i g r a p h i c  belt ,  bu t  detached 
from t h e  F o s s i l  Creek-Tolovana section by another  t h r u s t  f a u l t ,  is  a distinctive 
u n i t  of gray,  commonly bimodal, v i t r e o u s  q u a r t z i t e  r e f e r r e d  t o  as t h e  Globe u n i t  
by Weber and o t h e r s  (1985) r The Globe u n i t  t y p i c a l l y  con ta in s  sheared  a r g i l l i t e  
i n t e r b e d s  and abundant s i l l s  of hor!nbIende-bearing q u a r t z  d i o r i t e  o r  q u a r t z  
gabbro. The age of t h i s  q u a r t z i t e  is unknown, and so  f a r ,  t h e  mafic  i n t r u s i v e  
rocks have proved t o o  a l t e r e d  t o  d a t e .  However, t h e  v i t r e o u s  and bimodal 
c h a r a c t e r  of t h e  Globe u n i t ,  and its a s s o c i a t i o n  with mafic sills,  s e r v e  t o  . p, 
d i s t i n g u i s h  it from o t h e r  q u a r t z i t e s  of t h e  Livengood a r e a .  The Globe u n i t  a t  t h e  
base of  t h e  White Mountains belt  i s  i n  s teep-  t o  moderate-angle t h r u s t  c o n t a c t  on 
t h e  Beaver Creek s t r a t i g r a p h i c  b e l t  t o  t h e  no r th .  

(3) The Beaver Creek stratigraphic belt corresponds t o  t h e  Manley t e r r a n e  o f  
S i l b e r l i n g  and Jones (1984) and p a r t  of  t h e  Kandik t e r r a n e  of Churkin and o t h e r s  
(1982). The Beaver Creek belt con ta in s  mainly f l y scho id  rocks and che r t - r i ch ,  
l o c a l l y  d e r i v e d  polyn'tictic conglomerate.  There a r e  t h r e e  d i s t i n c t  f l y s c h  
sequences i n  t h e  Beaver Creek belt.  The Vrain u n i t  of Fos t e r  and o t h e r s  (1983) 
occurs  i n  t h e  e a s t e r n  p a r t  of t h e  b e l t ,  t h e  Wilber Creek u n i t  of Weber and o t h e r s  
(1985) has  been mapped mainly i n  t h e  c e n t r a l  and western p a r t s  of t h e  belt, and 
t h e  Cascaden Ridge u n i t  of  Weber and o t h e r s  (1985) occurs  i n  t h e  c e n t r a l  p a r t  of 
t h e  b e l t  a long  i ts  no r th  edge. 

The Vrain u n i t ,  which is undated, c o n s i s t s  mainly of carbonaceous, commonly 
i ron-s ta ined ,  rhy thmica l ly  i n t e r l a y e r e d  f ine-gra ined  t o  g r i t t y  c l a s t i c  rocks,  as 
w e l l  as t u f f ,  and a-prominent  u n i t  of t y p i c a l l y  s t r e t c h e d  c h e r t -  and q u a t t z i t e -  
pebble  conglomerate.  Minor amounts of c h e r t  and b a s a l t  a l s o  occur  i n  rocks 
ques t i onab ly  a s s igned  to t h e  Vrain.  

The Middle Devonian ( E i f e l i a n )  Cascaden Ridge u n i t  c o n s i s t s  mainly of  
t u r b i d i t i c  shale, q u a r t z i t e ,  and conglomerate. It has a l o c a l l y  developed b a s a l  
conglomerate con ta in ing  up t o  cobble- o r  boulder-s ized c l a s t s  of maf i c lu l t r amaf i c  
rocks,  c h e r t ,  dolomite,  sha l e ,  and o t h e r  l o c a l l y  occu r r ing  rock types  (Weber and 
o t h e r s ,  1 9 8 5 ) .  The s i m i l a r i t y  of some c h a r a c t e r i s k i c  l i t h i c  components of t h e  
Cascaden Ridge and Vrain  u n i t s ,  and t h e i r  comparable s t r a t i g r a p h i c  p o s i t i o n  
between t h e  Wilber Creek u n i t  and a p e r s i s t e n t  maf i c /u l t r amaf i c  band a t  t h e  t o p  of 
the under ly ing  Livengood s t r a t i g r a p h i c  b e l t ,  r a i s e s  t h e  p o s s i b i l i t y  t h a t  Che 
Cascaden Ridge and Vrain u n i t s  may be  c o r r e l a t i v e ,  a t  l e a s t  i n  p a r t .  



The Wilber Creek unit is Late Jurassic and Early Cretaceous in age, and 
contains shale, graywacke, quartzite, and polymictic conglomerate. It probably 
lies unconformably on both the Vrain and Cascaden Ridge units, but its basal 
contact is poorly constrained and questionably located on figure 8 because of the 
difficulty in distinguishing between these three flysch units, 

Polymictic conglomerates tentatively assigned to the Cascaden Ridge, Vrain, 
and Wilber Creek units of the Beaver Creek stratigraphic belt contain locally 
derived chert, argillite, quartzite, carbonate, mafic volcanic, and law-grade 
metamorphic clasts, and flat shale chips, as well as quartz, plagioclase, 
muscovite, chlorite, epidote, and opaque grains. All of these constituents are 
present in the various rock sequences of the Livengood area, suggesting that these 
polymictic conglomerates were derived from local sources as early as Middle 
Devonian time. All three of the flysch units appear to be in faulted or faulted 
unconformable contact on the Livengood stratigraphic belt to the north, .. .1 

Some of the clastic rocks forrtiefry+'mapped as-Wilber Creek unit in the 
Serpentine Ridge and Manley areas of the southeastern Tanana quadrangle (labeled 
SR and M, respectively, on figure 8) are inferred here to be pre-Cretaceous based 
on lithologic associations and degree of induration. GO, 

An undated sequence of dark-gray calcareous shale, silty limestone, and 
subordinate quartzite, tentatively correlated with the lithologically similar 
lower part of the Glenn Shale (Triassic) in the Charley River area, also occurs 
locally in the Beaver Creek stratigraphic belt. 

( 4 )  The Livengood stratigraphic belt generally corresponds with the Livengood 
terrane of Silberling and Jones (1984) and Churkin and others (1982). The 
Livengood belt is characterized by the Livengood Dome Chert (Ordovician), which in 
its type area consists mainly of intensely deformed black to varicolored chert and 
subordinate interbeds of graptolitic shale, tuffaceous rocks, and limestone. In 
some places, mafic sills or basalt interbeds occur in the Livengood Dome Chert. 
The Livengood Dome Chert could be a less volcanic facies of the Ordovician Fossil 
Creek Volcanics, which contains dark chert interbeds in the White Mountains 
stratigraphic belt. 

Many questions have arisen about the stratigraphic and structural relations 
of the ~ivengood Dome Chert with other units of the ~ivengood stratigraphic belt, 
because most of the units are poorly dated and contacts are seldom exposed. 
Uncertain identification of two key units is especially critical to map 
interpretation in the central and eastern parts of the Livengood belt. The two 
units are a distinctive dolomite, called the Amy Creek unit (Weber and others, 
1985), and a clastic unit characterized by chert-pebble conglomerate (mapped as Za 
and Dc, respectively, on figure 8) . 

The Amy Creek unit is a silicified, locally stromatolitic dolostone formed 
largely by dolodtization of pelletoidal lime mud. It contains thick black chert 
interbeds and lesser amounts of argillite, basalt, and volcaniclastic rocks. The 
Devonian to Silurian age originally assigned to the Amy Creek unit was based on 
fossils in a thin, presumably correlative limestone bed at a fossil locality on 
Lost Creek (locality A, fig. 8). However, that correlation is now discounted, and 



the Amy Creek unit is currently undated (Robert Blodgett, oral commun., 1987). 
Based on its lithologic and petrologic character, and on its lack of fossils, the 
Amy Creek unit more closely resembles Late Proterozoic dolomites of the east- 
central Alaska region and Yukon Territory than a middle Paleozoic carbonate. A 
Late Proterozoic age is therefore tentatively adopted for the Amy Creek unit in 
this report for map and interpretive stratigraphic purposes. The fossiliferous 
Lost Creek beds are now designated as a separate unit of Late Silurian age, 
informally named the limestone of Lost Creek (see figures 8 and 91, that lies 
stratigraphically between the Livengood Dome Chert and a unit of chert-pebble 
conglomerate (Blodgett and others, 1988) . 

Chert-pebble conglomerate commonly occurs as isolated exposures between 
outcrops of the Livengood Dome Chert and maroon and green slate characteristic of 
the upper part of the Wickersham grit unit. At locality B, north of Livengood 
Dome (fig. 8 ) r  where the conglomerate contains flat argillite chips and has an 
amorphous siliceous matrix,* it has been interpreted as a basal conglomerate of the 
Livengood Dome Chert (Weber and otlierS'-'1985) . At locality C (fig. 8 )  , chert- 
pebble conglomerate occupies a similar position between the Livengood Dome Chert 
and the maroon and green slate unit, but here the conglomerate also contains 
granular dolomite clasts, is associated with black argillite, graywacke, and o m  
clastic rocks, and has a mylonitic quartz-chert arenite matrix. In the character 
of its matrix and associated rocks, this conglomerate more closely resembles 

b 

conglomerates assigned to middle Paleozoic or younger clastic sequences in the 
Beaver Creek stratigraphic belt. The tentative interpretation, shown on figure 8, 
is that the chert-pebble conglomerate at localities B and C is part of a Devonian 
clastic sequence lying in angular unconformity on the upper Wickersham grit unit 
and overthrust by the Livengood Dome Chert. 

East of locality C, the same conglomerate appears to lie in low-angle 
unconformity across a contact between maroon and green slate assigned to the upper 
part of the wickersham grit unit, and a heterogeneous overlying unit of chert, 
siliceous argillite, greenstone, agglomeratic basalt, dolomite, dolomite-boulder 
conglomerate, siltite, quartzite, grit, and felsic volcanics?, all injected by 
abundant, thick rnafic sills. The sills range from quartz-bearing diorite and 
gabbro to sparse serpentinized cumulate ultramafic rocks thought to be 
differentiates of the sills. 

The mafic and ultramafic rocks of the heterogeneous unit are similar in 
composition and petrologic character to those in a persistent but discontinuous 
northeast-trending band that marks the structural top of the Livengood 
stratigraphic belt. The rocks within this band include gabbro and diorite 
interlayered with serpentinized peridotite and dunite. K-Ar hornblende ages on 
three diorite or gabbro samples from this band near Amy Dome give Cambrian to Late 
Proterozoic ages ranging from 518.3+15.5 to 633519 Ma (D.L. Turner, unpublished 
data). Modeling of gravity and magnetic data across the mafic/ultramafic band 
confirms its layered character and the southward-decreasing dip of its structural 
base (Cady and Morin, in press). The origin of these rocks is uncertain, but they 
are tentatively interpreted as a differentiated Cambrian or Precambrian sill 
complex by Cady and Morin (in press). Based on their lithologic associations and 
the p8trologic similarties of their mafic and ultramafic components, the 
heterogeneous unit, the Amy Creek unit, and the mafic/ultramafic band of the 



Livengood stratigraphic belt may all represent thrust segments of a 
volcanic/plutonic center correlative with the upper part of the Tindir Group in 
the Charley River area, and the Mount Harper Volcanic complex in the Dawson area 
of Yukon Territory. 

(5) The Schwatka stratigraphic belt is separated from the Livengood belt by 
the victoria Creek strike-slip fault. The Schwatka belt has been included in the 
Wickersham and white Mountains terranes by Silberling and Jones (1984), and in the 
corresponding Beaver and White Mountains terranes by Churkin and others (1982). 
oldhamia-bearing Wickersham grit unit forms the basement of the Schwatka 
stratigraphic belt, but recent work indicates that overlying clastic, volcanic, 
and carbonate rocks differ from those of the White Mountains stratigraphic belt. 
Fossiliferous Lower Devonian (Emsian) and(or) Middle Devonian (Eifelian) limestone 
in the Schwatka belt is distinctly younger than the Silurian Tolovana Limestone of 
the White Mountains, with which it was formerly correlated (Weber and others, 
1988). If some of the limerstona, of the Schwatka belt is interbedded with the 
underlying unit of agglomeratic maf!ic"vblcanics, chert, and clastic rocks, as 
preliminary interpretation of recent mapping suggests, then at least part of the 
volcanic-bearing sequence may be as young as Early or Middle Devonian. If so, 
these volcanic rocks would be at least partly correlative with the Woodchopper .r, 
Volcanics of the Charley River area, rather than with the Fossil Creek Volcanics 
of the White Mountains. This interpretation supports that originally made by 
Mertie (1937) . 

( 6 )  The Crazy Mountains belt is separated from the rest of the Livengood area 
by strike-slip faults. Most of the rocks in the East and West Crazy Mountains are 
included in the Crazy Mountains terrane of Silberling and Jones (1984) and Churkin 
and others (1982). The upper part of the Wickersham grit unit forms the basement 
of the Crazy Mountains belt, where maroon and green slate, grit, and black 
limestone containing floating quartz grains are distinctive lithic components, and 
the section contains Oldhamia. Lithologies in the structurally? overlying 
sequence of chert, clastic rocks, mafic igneous rocks, and fossiliferous Lower 
Devonian limestone resemble those in the Schwatka stratigraphic belt. Overlying 
chert-pebble conglomerate is indistinguishable from middle to upper Paleozoic 
conglomerates in the White Mountains, Beaver Creek, and Livengood stratigraphic 
belts, and in the Charley River area. 

(7)  The Preacher b lock  of Foster and others (1983) is bounded by splays of 
the Tintina strike-slip fault aystem. It contains thrust imbrications of 
lithologic components found mainly in the Livengood stratigraphic belt south of 
the Victoria Creek fault, including rocks of the upper part of the Wickersham grit 
unit, and probable correlatives of the Amy Creek dolomite unit and the 
heterogeneous mafic-bearing sequence. 

Three additional terranes of small size are defined by Silberling and Jones 
(1984)  at the west end of the Livengood area, 

(8 )  The Minook terrane of Silberling and Jones (1984) contains upper 
Paleozoic flysch and chert-pebble conglomerate and grit, lithologies resembling 
those in the Beaver Creek stratigraphic belt. 



( 9 )  The Baldry terrane has been described as  a  " s t r u c t u r a l l y  complex and 
polymetamorphosed assemblage of r ad io la r i an  cher t ,  marble, greenschis t ,  and mica 
s c h i s t "  derived from probable lower t o  middle Paleozoic p r o t o l i t h s  ( S i l b e r l i n g  and 
Jones, 1984).  Although t h e  metamorphic rocks of the  Baldry t e r r a n e  were t i g h t l y  
folded, thrus ted ,  and sheared under low-grade d u c t i l e  condit ions,  s u i t a b l e  
p r o t o l i t h s  occur in t he  White Mountains, Livengood, and Schwatka s t r a t i g r a p h i c  
belts. Metamorphic r e c r y s t a l l i z a t i o n  and d u c t i l e  deformation i n  t h e  Baldry 
t e r r a n e  could be i n t e r p r e t e d  a s  a  deeper c r u s t a l  o r  higher temperature 
manifestat ion of t h e  more b r i t t l e  s t y l e  of imbricate t h r u s t i n g  t h a t  cha rac te r i zes  
t h e  l i k e l y  p r o t o l i t h s .  

(10 )  The Ruby t e r rane  of S i l b e r l i n g  and Jones (1984) a l s o  conta ins  
metamorphic rocks, but  genera l ly  of higher grade than those  i n  t h e  Baldry t e r rane .  
The p r i n c i p a l  u n i t s  a r e  s t a u r o l i t e -  and garnet-mica s c h i s t  and marble. The rocks 
of t h e  R u b y  t e r r a n e  a r e  described more f u l l y  i n  t h e  sec t ion  on t h e  Ray Mountains 
area, t o  follow. However,-by analogy with s imi la r  rocks i n  t h e  Ray ~ o u n t a i n s  
area,  where metamorphic f a c i e s  gradat'I3ns2*are abrupt and r e l a t e d  t o  g r a n i t i c  
in t rus ives ,  t h e  rocks of t h e  Ruby t e r r a n e  a r e  t e n t a t i v e l y  i n t e r p r e t e d  as l o c a l l y  
higher grade r e c r y s t a l l i z e d  equivalents  of p r o t o l i t h s  s i m i l a r  t o  those  i n f e r r e d  
f o r  t h e  Baldry t e r rane .  GO, 

b 
(11) The Toz i tna  stratigraphic belt, found along t h e  north margin of t h e  

Livengood area, is included i n  t h e  Tozitna t e r rane  of S i l b e r l i n g  and Jones (1984) 
and t h e  Tozitna/CircLe t e r r a n e s  of Churkin and o thers  (1982). The Tozitna b e l t  
conta ins  t h e  Rampart Group (Brosg8 and others ,  1969) a s  w e l l  a s  voluminous mafic 
i n t r u s i v e  rocks and subordinate b a s a l t i c  volcanics. The Rampart Group c o n s i s t s  of 
i n t e r c a l a t e d  che r t ,  s i l i c e o u s  a r g i l l i t e ,  tuffaceous and v o l c a n i c l a ~ t i c  rocks, 
a i l t a t o n e ,  sandstone, q u a r t z i t e ,  and minor limestone. The mafic rocks, which may 
c o n s t i t u t e  75 percent  o r  more of t h e  Tozitna b e l t ,  a r e  dominantly d iabase  and 
gabbro, but  range from d i o r i t e  t o  b a s a l t  and pi l low b a s a l t ,  Cumulate u l t ramaf ic  
l aye r s  and lenses  formed loca l ly ,  most l i k e l y  i n  d i f f e r e n t i a t e d  s i l ls .  The gabbro 
has a  K-Ar hornblende age of 21056 Ma (Tr iass i c )  according t o  Pat ton  and o the r s  
(1977). Chert3 y i e l d  Late Mississippian, Pennsylvanian, and T r i a s s i c  r ad io la r i ans  
(Fos ter  and o thers ,  1983; Jones and o thers ,  1 9 8 4 ) ,  and a limestone bed near  
Rampart conta ins  Permian f o s s i l s  (Brosg& and o thers ,  1 9 6 9 ) .  The b a s a l  contac t  
between t h e  Tozitna belt and various underlying sequences, inc luding those  of t h e  
Schwatka and Crazy Mountains s t r a t i g r a p h i c  b e l t s  and t h e  Ruby t e r rane ,  is 
i n t e r p r e t e d  t o  be a structural detachment, The content  and contac t  r e l a t i o n s  of 
t h e  Tozitna s t r a t i g r a p h i c  b e l t  a r e  considered f u r t h e r  i n  t h e  sununary of t h e  Ray 
Mountains area  t o  follow. 

Gran i t i c  i n t r u s i v e  rocks--Granitic plutons of mid-Cretaceous and Early 
Ter t i a ry  age occur i n  t h e  Livengood area .  The o ldes t  da ted  p lu tons  have mid- 
Cretaceous K-Ar b i o t i t e  and Pb-a zircon ages of about 90 Ma (Chapman and others ,  
1971, 1982). Two of these  are the Roughtop and Sawtooth Mountain plutons,  near  
t h e  nor th  edge of t h e  Beaver Creek s t r a t i g r a p h i c  b e l t  i n  t h e  western p a r t  of t h e  
Livengood area .  A t h i r d  is  a small  s y e n i t i c  plug t h a t  is  enriched i n  thorium and 
r a r e  earth elements and occurs within t h e  Wickersham s t r a t i g r a p h i c  belt. All 
other  da ted  plutons i n  t h e  Livengood area  give e a r l y  T e r t i a r y  K-Ar b i o t i t e  ages 
between 55 and 65 Ha (Chapman and others ,  1971, 1982; Fos ter  and o thers ,  1983). 
Three of t h e  e a r l y  T e r t i a r y  plutons--the Manley Hot Springs Dome, Tolovana Hot 



Spr ings  Dome, and Vic to r i a  Mountains p lu tons ,  i n t rude  f l y s c h o i d  rocks of t h e  
Beaver Creek s t r a t i g r a p h i c  b e l t .  The two l a r g e s t  of t h e  e a r l y  T e r t i a r y  plutons-- 
t h e  Cache Mountain and Lime Peak p lu tons ,  a r e  emplaced i n  g r i t  of  t h e  Wickersham 
s t r a t i g r a p h i c  bel t .  The g r a n i t i c  p lu tons  of t h e  Livengood a r e a  a r e  d i s cus sed  i n  
more d e t a i l  by Weber and o t h e r s  (1988, p. 30-35) and by Burns and o t h e r s  (1987). 

Structure--The keys t o  recognizing demonstrable s t r i k e - s l i p  f a u l t s  i n  t h e  
Livengood a r e a  are (1) t h e i r  c u r v i l i n e a r  topographic express ion  and c o n t i n u i t y  
across d i v e r s e  geologic  belts, and (2 )  t h e  width, i n t e n s i t y ,  and c h a r a c t e r  of 
shea r ing  o f  t h e  f a u l t  zones. Two p r i n c i p a l  s t r i k e - s l i p  f a u l t s  a r e  i d e n t i f i e d  i n  
the Livengood quadrangle--the V i c t o r i a  Creek and Tozitna f a u l t s .  These a r e  t h e  
two main s p l a y s  of t h e  T i n t i n a  f a u l t  zone, which e n t e r s  t h e  Livengood a r e a  from 
t h e  e a s t .  The  V i c t o r i a  Creek f a u l t  connects  westward wi th  t h e  Kal tag  f a u l t  of  t h e  
Tanana quadrangle .  

Exposures of s t r i k e - s k i p  z w e s  a r e  rare because t h e i r  sheared . rocka  are weak, 
e a s i l y  eroded, and form l i n e a r  t o p d g f q h i c  t r enches  con ta in ing  v a l l e y  f i l l  
m a t e r i a l s .  However, t h e  V i c t o r i a  Creek f a u l t  zone is  well-exposed a long  t h e  lower 
reaches of  V i c t o r i a  Creek. Here, t h e  main p a r t  of t h e  fault zone i s  1 t o  1 .5  krn 
wide and con ta in s  disconnected t e c t o n i c  l e n s e s  wi th in  an i n t e n s e l y  and pervasiv,e& 
sheared,  my lon i t i c  matrix. Tectonic  l e n s e s  range from n e a r l y  microscopic  i n  s i z e  
t o  b locks  hundreds of  meters long. Axes of c r enu la t i ons  and sma l l  f o l d s  vary but  
are u s u a l l y  s t e e p  t o  v e r t i c a l ;  s l i c k e n s i d e s  gene ra l l y  plunge a t  low ang le s .  The 
c o n t i n u i t y  and l i n e a r i t y  of t h e  V i c t o r i a  Creek s t r i k e - s l i p  f a u l t  zone, and i ts  
low-angle t r u n c a t i o n  of fold-and-thrust  t r ends ,  demonstrate i t s  s t e e p  d i p  and 
p o s t - t h r u s t i n g  age.  Except f o r  p o s s i b l e  d e x t r a l  d rag  of some p r e - e x i s t i n g  
t h r u s t s ,  t h e r e  i s  no d i r e c t  evidence i n  t h e  Livengood a r e a  a lone  f o r  t h e  s ense  and 
magnitude of s l i p  on t h e  V i c t o r i a  Creek f a u l t  zone, bu t  i t s  c h a r a c t e r ,  i t s  
mappable c o n t i n u i t y  with bo th  t h e  T in t ina  and Kaltag f a u l t s ,  and i t s ' a l i n e m e n t  
between them, mark the V i c t o r i a  Creek f a u l t  a s  a  fundamental l i n k  i n  a  T in t ina -  
V i c t o r i a  Creek-Kaltag r i g h t - l a t e r a l  s t r i k e - s l i p  f a u l t  system. 

The Tozi tna fault zone, l o c a t e d  along t h e  no r th  edge of t h e  Livengood area ,  
i s  no t  exposed i n  t h e  Livengood a rea ,  bu t  i ts  physiographic  exp re s s ion  and 
c u r v i l i n e a r  t r a c e  i n d i c a t e  t h a t  it is  a s p l a y  of t h e  T in t ina  system. About 55 krn 
of r i gh t - s epa ra t i on  i s  e s t ima ted  f o r  t h e  Tozi tna f a u l t  from t h e  o f f s e t  of  t h e  
b a s a l  c o n t a c t  of t h e  Tozi tna s t r a t i g r a p h i c  b e l t  from p o i n t  D t o  D 1  on figure 8.  
The b a s a l  Toz i tna  contact a l s o  appears  t o  be o f f s e t  r i g h t - l a t e r a l l y  10 km o r  less 
between t h e  East and West Crazy Mountains ( l o c a l i t y  E, f i g u r e  81,  and between t h e  
Eas t  Crazy Mountains and t h e  western Charley River  a rea ,  p o s s i b l y  i n d i c a t i n g  two 
a d d i t i o n a l  but  minor s p l a y s  of  t h e  T in t ina  f a u l t  system. 

I n  c o n t r a s t  wi th  t h e  s t r i k e - s l i p  zones, t h r u s t  c o n t a c t s  a r e  r e l a t i v e l y  narrow 
and s h a r p l y  def ined ,  typically a r e  s t r a t i g r a p h i c a l l y  c o n t r o l l e d ,  a r e  a s s o c i a t e d  
with l a rge - sca l e  low-plunging folds, a r e  no t  expressed by a  topographic  t r ench ,  
and form systems of  sp l ay ing  i n d i v i d u a l  t h r u s t s ,  each of r e l a t i v e l y  l i m i t e d  extent 
and displacement .  Most t h r u s t  f a u l t s  a r e  a l s o  poor ly  exposed, b u t  t h e y  can be 
c l e a r l y  i d e n t i f i e d  i n  most p l a c e s  by s t r a t i g r a p h i c  t r u n c a t i o n s  and older-on- 
younger s t r a t i g r a p h i c  r e p e t i t i o n ,  



In most of the Livengood area south of the Victoria Creek fault, older-on- 
younger thrust relations, the mapped traces of thrust faults, rare overturned 
folds, and geophysical modeling (Cady and Morin, in press; Long and Miyaoka, in 
press) all indicate that the major northeast-trending thrusts dip to the southeast 
and had transport directions toward the northwest (fig. 8 ) .  Based on preliminary 
resistivity cross-sections by Long and Miyaoka (in press), the White Mountains 
stratigraphic belt was thrust about 10 krn across the Beaver Creek belt along the 
largest of these thrusts, here named the Beaver Creek thrust (fig. 8 ) .  Numerous 
northwest-directed older-on-younger thrusts also imbricate the Wickersham, White 
Mountains, and Livengood stratigraphic belts. Preliminary interpretation of 
geologic sections (Dover, 1988, PI, 11-B) suggests most of these thrusts have 
small displacements of a few kilometers or less. 

Near the west edge of the Livengood quadrangle, thrust trends wrap nearly 180 
degrees around a major west-plunging anticline or anticlinal duplex, so that 
north- to northeast-trending thqusts in the western part of the Livengood area dip 
northwest and have southeast-di6ectedmovernent (fig. 8 ) .  This "bendw is analogous 
in character to that of the Charley River area. All major thrusts in the 
Schwatka, Crazy Mountains, and Tozitna stratigraphic belts north of the Tintina- 
Victoria Creek-Kaltag fault, also have southeastward-directed transport, includ@y 
some with younger-on-older displacements that are interpreted as detached and 
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thrusted stratigraphic contacts. 
1 

Structural timing--Dateable thrusting in the Livengood area involves rocks of 
the Wilber Creek unit as young as Early Cretaceous, and pre-dates strike-slip 
movement on the Victoria Creek and Tozitna faults. At one locality (labeled F on 
figure 81 ,  dolomite tentatively assigned to the Amy Creek unit is interpreted by 
Weber and others (1988) as having been thrust over the Victoria Creek fault, but 
this seem unlikely because the topographic trench representing the Victoria Creek 
zone appears to persist unbroken across and therefore post-date the alleged 
thrust. Pre-Cretaceous thrusting is possible but cannot be demonstrated. 

Local evidence for the time of the principal strike-slip movement on the 
Tintina fault and its major splays in the Livengood area is that it cuts obliquely 
across and therefore post-dates fold and thrust trends involving Wilber Creek 
rocks as young as Early Cretaceous, and its principal movement pre-dates the 
deposition of poorly dated Tertiary(?) rocks. The idea that an earlier phase of 
major strike-slip and accompanying graben formation along an ancestral Tintina 
system controlled Jurassic to Lower Cretaceous (and possibly older) Wilber Creek 
deposition in the Beaver Creek stratigraphic belt (Weber (written coxnmuns., 1987) 
is incompatible with the regional distribution of lithologically equivalent rocks. 
All the rocks of the Beaver Creek belt appear to have lateral equivalents within 
regionally developed thrust-telescoped sequences of the Charley River and Dawson 
areas that are cut by the Tintina fault and extend far beyond the limits of the 
fault zone. The Wilber Creek unit, in particular, is correlated by Weber and 
others (1988, p. 36) with the Kathul Graywacke of the Kandik Group in the Charley 
River area. This unit represents a foreland basin sequence traceable into the 
foothills of the Brooks Range (Young, 19731, rather than a locally developed 
strike-slip graben deposit. Tertiary reactivation of the Tintina zone is 
indicated by numerous faults whose dip-slip components of movement are obvious, 
but which may have lateral-slip components as well. As much as 50 krn of late 



Tertiary or Quaternary right-slip is postulated by Barker (1986) on the basis of 
geomorphic evidence. Modern fault scarps south of the Crazy Mountains (Foster and 
others, 1983) indicate that the Tintina fault zone is still active. 

Although Tintina fault movement was of a magnitude and scale capable of 
affecting pre-existing structures in adjacent wallrocks, such effects in the east- 
central Alaska region appear to have been relatively minor readjustments, such as 
the drag of pre-Tintina thrust faults recognized in the Charley River area, or 
possibly the tightening up of compressional structures--a process that would 
require closer control on the timing of thrust movements to demonstrate than is 
currently available. In this region at least, the interpretation most in accord 
with observed geologic relations is that Cordilleran fold-and-thrust belt 
development and Tintina strike-slip are unrelated events separated in time. 

Tho Livengood axes as a segment of the Charley River fold-and-thrust belt 
displaced by the Vic tor ia  Greek-Jaltaq and Tozitna splays of the Tintina fault 
system. Right-lateral displacement o r t h e .  east-central Alaskan segment of the 
main Tintina fault system was estimated by Chapman and others (1985) to be 160 to 
180 km,, based on: (1) estimates of displacement along the Kaltag fault farther 
west, assuming a Kaltag-Tintina connection, and (2 )  estimated offset between th,%.., 
Lower Cretaceous Kandik Group in the Charley River area and presumably correlative 
flyschoid rocks at the east end of the Beaver Creek stratigraphic belt in the 
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Livengood area. This estimate differs considerably from the 450 km of right- 
separation documented for the Tintina system in central Yukon Territory by 
Tempelman-Kluit (1979) and Gordey (1981). One possible explanation for this 
discrepancy is transpression, whereby the 270 km of excess Canadian strike-slip 
motion was absorbed in the Livengood area by compressive thrusting on splays that 
bend or horsetail southwestward from the main Tintina fault zone at the leading 
edge of the northwestward driving upland. However, the geology uf the Livengood 
and adjacent areas does not support a transpressive model because: 

(1) The assumptions on which previous estimates of Tintina movement in east- 
central Alaska are based are invalid. Although a Kaltag-Tintina connection has 
been tracked through the Livengood area v i a  the Victoria Creek fault by current 
mapping, other major faults with possibly large lateral components of movement by 
which Tintina strike-slip could have been distributed and dissipated (Dover, 
1985b) have now been recognized in southwest Alaska (Patton and Moll, 1982). Thus 
the discrepancy in amount of movement that the transpressive model was invoked to 
explain is in doubt. 

(2) As presently mapped, the polymictic conglomerate-bearing Wilber Creek 
unit does not reach the easternmost end of the Beaver Creek stratigraphic belt, 
which has generally been resto~ed against the Kandik basin sequence of the Charley 
River area in Tintina reconstructions used in support of the 180 km estimate of 
separation (Chapman and others, 1985). Even if it did, the conglomeratic rocks of 
the Beaver Creek belt do not match well with the Biederman Argillite and Keenan 
Quartzite, which are the units of the lower Kandik Group exposed on the north side 
of the Tintina zone in the Charley River area. However, a section of folded and 
thrusted argillite and thick Keenan-like quartrite remarkably similar to that in 
the Kandik Group does characterize the western part of the Wilber Creek belt in 
the westernmost Livengood quadrangle, and the displacement required to juxtapose 



these western Livengood units with their lithologic counterparts in the Charley 
River area is about 400 km. 

(3) Thrust faulting in the Livengood area appears to be comparable in style 
and magnitude, and involves some similar stratigraphic sequences as that in the 
Charley River fold-and-thruat belt, which predates and is clearly cut by the 
Tintina fault system. Even if all the thruats were transpressional, the amount of 
shortening they could accomodate would be at most only a small fraction of the 
alleged 270 km discrepancy between previous estimates of Tintina fault 
displacement in central Yukon Territory and east-central Alaska. Nor is crustal 
thickening by brittle thrusting or ductile processes in the Yukon-Tanana upland 
(Foster and others, 1987, and this volume) known to be of appropriate Late 
Cretaceous to early Tertiary age and of sufficient magnitude to account for such 
drastic crustal shortening during Tintina time. 

The main alternative-to transpression is that Tintina fault displacement in 
east-central Alaska was comparable 'to-that in Yukon Territory (Dover, 1985b) . The 
concept of comparable displacement is supported by the remarkable similarity 
between the stratigraphic belts of the Livengood area and those of the Dawson area 
of west-central Yukon Territory, areas now separated by nearly 400 km, whose .b*, 

possible connection was recognized by Tempelman-Kluit (1971, 1984). In the 
southeast Dawson quadrangle, northeast-trending, northwestward-moving, thrust- 

A 
bounded rock sequences described by Green (1972) and Thompson and Roots (1982) are 
truncated at a high angle by the Tintina fault zone (fig. 10). These sequences, 
from structurally highest (on the southeast) to lowest (on the northwest), and 
their suggested Livengood area equivalents, are: 

(a) A belt of internally deformed and weakly metamorphosed Late Proterozoic 
to Lower Cambrian grit, maroon and green slate, and minor black limestone, 
overlain by gabbro-bearing Ordovician and Silurian Road River Formation. 
Corresponding rocks of the Livengood area are the Wickersham grit unit and the 
Fossil Creek Volcanics in the Wickersham and White Mountains stratigraphic belts. 

(b) Strongly folded and imbricately thrusted Keno Hill quartzite of late 
Paleozoic age and associated gabbro (R. I. Thompson, written communication, 1986). 
Corresponding rocks of the Livengood area are the undated but petrologically 
similar Globe quartzite and gabbro unit in the White Mountains stratigraphic belt. 

(c) Carbonaceous phyllitic argillite, slate, and quartzite of  a "lower 
schistn unit to which a Jurassic age was assigned by Green (19721, but which in 
the area remapped by Thompson and Roots (1982) contains at least some chert- 
pebble-rich polymictic conglomerate resembling that in the Lower Mississippian and 
Devonian Earn Group. Corresponding rocks of the Livengood area are the vrain unit 
in the Beaver Creek stratigraphic belt. Also,  a discontinuous band of Triassic 
limestone and limy shale underlying the "lower schist unit" of the Dawson 
corresponds to locally occurring but undated calcareous rocks tentatively assigned 
to the lower part of the Glenn Shale (Triassic) in the Beaver Creek belt. 

(dl Chert-rich and tuffaceous? rocks in a second belt of the Ordovician and 
Silurian Road River Formation, which here is locally deposited on mafic sills. 



I LIST OF STRATIGRAPHIC BELTS. UNITS, AND PLUTONS' I 
cv 
ECM 
M 
KG 
KH 
L 
LS 
OP 
PB 
RR 
S 
TZ 

Circle Vokanics 
East Crazy Mountains belt (~ncludes mafic volcanics) 
Globe unit (quanzite) 
Kandik Group (Kandik basin) 
Keno Hill Quartzite 
Ltvengood belt 
Lower rchist unit 
Ordovician to Late Prolerozoic rocks 
Preacher block 
Road River Formalion 
Schwatka bell (includes malic volcanics) 
Toziina bell 

WCM West Crazy Mountains unit (includes'malic volcania) 
WG Wickersham grlt unit 
WG+FC Wickersham grit unlt and Fossil Creek Volcanics, undivided 
WV Wmdchopper Vukanics . 

Plutons 
AM.-Antimony Mountain 
CP--Cache Peak 
LM.-Lime Mountain 
TR--Tombstone Range 
VM--Victoria Mountain 

I - Contan 

Mapr striko-slip faull-Arrows show sense of displacement 

I ... . -... ... Pre-slip position I 
I - Detached unconlormity 

I - Mapr thrust fault separating stratigraphic bells or units.-Sawleeth on upper plate 

Approximate direction 01 thrust transpDrt 

4+ Major antidinal fold axis showing dirdion of plunge 'No! distlnguishod in unpalterned 
and unlabled areas 

Figure 10. Tintina f a u l t  separat ion .  P o i n t s  D and D' are two o r i g i n a l l y  
adjacent reference points displaced by Tintina fault movement. A, Present  
configuration. B, Restored pre-Tintina c o n f i g u r a t i o n .  



The corresponding u n i t  of t h e  Livengood a rea  is  t h e  Livengood Dome Chert  i n  t h e  
Livengood s t r a t i g r a p h i c  be l t .  

(e) A heterogeneous, Late  Pro te rozoic  t o  Lower Cambrian u n i t  of c h e r t ,  
c l a s t i c  rocks,  minor l imestone,  and abundant mafic i n t r u s i v e  and e x t r u s i v e  
mat ,e r ia l  marking l o c a l  vo l can i c  c e n t e r s .  Corresponding rocks of t h e  Livengood 
area comprise t h e  heterogeneous u n i t  i n  t h e  Livengood s t r a t i g r a p h i c  b e l t ;  and 

(f) Late P ro t e rozo ic  maroon and green slate, g r i t ,  and minor l imestone,  
s i m i l a r  t o  t h a t  i n  ( a ) .  Corresponding rocks of the  Livengood a r e a  comprise t h e  
Wickersham g r i t  u n i t  which unde r l i e s  t h e  heterogeneous u n i t  i n  t h e  Livengood 
s t r a t i g r a p h i c  belt. 

P r e d i c t a b l y  f o r  a fold-and-thrust  belt  involving abrupt  f a c i e s  t r a n s i t i o n s ,  
t h e r e  a r e  some important l i t h o l o g i c  v a r i a t i o n s  among t h e  s t r u c t u r a l  p l a t e s  
c o r r e l a t e d  between t h e  Livengoo4,and Dawson area,  e s p e c i a l l y  i n  t h e  r e l a t i v e  
abundances of l i t h i c  components. Furthermore, t h e  Amy Creek u n i t  of t h e  Livengood 
s t r a t i g r a p h i c  bel t  (el has no p r e s e n t l y  known coun te rpa r t  i n  i t s  corresponding 
sequence of  t h e  Dawsron area. However, s i m i l a r  carbonates  are common i n  the 
under ly ing  s t r u c t u r a l  p l a t e  a t  Dawson, below t h e  Dawson t h r u s t  (Thompson and b*. 

Roots, 1 9 8 2 ) .  Consider ing t h e  v a r i a b i l i t y  of s t r a t i g r a p h i c  d e t a i l s  w i t h i n  t h e  
t h r u s t  bel t ,  t h e  remarkably high degree of correspondence of d i s t i n c t i v e  

4 
l i t h o l o g i c  u n i t s  and a s s o c i a t i o n s  wi th in  i nd iv idua l  thrust-bounded sequences 
between t h e  two a reas ,  a s  well a s  s i m i l a r i t i e s  i n  s t r u c t u r a l  s t y l e  and vergence, 
and i n  the d i s t r i b u t i o n  of low-grade metamorphic e f f e c t s ,  a l l  p rovide  s t r o n g  
evidence t h a t  t h e  two a r e a s  were d i r e c t l y  connected be fo re  T i n t i n a  s t r i k e - s l i p  
f a u l t  movement. I t h e r e f o r e  i n t e r p r e t  t h e  e a s t e r n  Livengood area t o  be a segment 
of the nor the rn  C o r d i l l e r a n  fold-and-thrust  belt  d i sp l aced  by t h e  T i n t i n a  f a u l t  
zone from t h e  Dawson and Charley River a r e a s .  

Res to r ing  t h e  easternmost  Livengood a r e a  t o  an original p o s i t i o n  oppos i t e  t h e  
Dawson a r e a  has  two important  consequences for c o r r e l a t i o n s  between t h e  Livengood 
and Charley River  a r e a s .  F i r s t ,  t h e  Wilbur Creek  u n i t  a t  t h e  west end of t h e  
Beaver Creek s t r a t i g r a p h i c  b e l t ,  r a t h e r  than  t h a t  a t  the  east end, is  a l i n e d  w i t h  
t h e  Kandik b a s i n  (figs. 8 and 1 0 ) .  This alignment produces a f a r  more 
s a t i s f a c t o r y  connect ion between t h e  lower u n i t s  of t h e  Kandik Group cut-off  by t h e  
T i n t i n a  f a u l t  i n  t h e  Charley River a rea ,  and t h e  p a r t  of t h e  Wilber Creek u n i t  
con ta in ing  a prominent Keenan-like q u a r t z i t e  u n i t ,  Second, t h e  "bendm s e p a r a t i n g  
northwest- and sou theas t -d i r ec t ed  t h r u s t s  i n  t h e  Livengood a r e a  is  a l i n e d  with t h e  
a x i s  a long  which t h r u s t  t r e n d s  and t r a n s p o r t  d i r e c t i o n s  change i n  t h e  same way i n  
t h e  Charley River  a r e a  ( f i g .  1 0 ) .  

Ray Mountains area 

The Ray Mountains a r ea ,  as  de f ined  here ,  i nc ludes  t h e  Ray Mountains proper ,  
i n  t h e  n o r t h  ha l f  of t h e  Tanana and southernmost part  of t h e  ad j acen t  B e t t l e s  
1:250,000 quadrangles ,  and also t h e  a r e a  between t h e  Tozi tna and Yukon Rivers  i n  
t h e  sou th  hal f  o f  t h e  Tanana quadrangle  (fig. 3 ) .  The a r e a  spans t h e  Xokrines- 
Hodzana upland  ( a l s o  known as t h e  Ruby g e a n t i c l i n e ) ,  from t h e  Koyukuk b a s i n  on t h e  
northwest  (Pa t ton  and o t h e r s ,  i n  press) to t h e  Yukon F l a t s  basin. I t  i s  sepa ra t ed  



from the Livengood area on the southeast by the ~altag-Victoria Creek splay of the 
Tintina fault system (figs. 1 and 2) . 

Previous work. A brief reconnaissance study by Eakin (1916) cover3 part of 
the area considered here, but attention was first focused on the Ray Mountains 
area in a report by Patton and Miller (1970) on the Kanuti ultramafic belt. 
Preliminary geologic maps at a scale of 1:250,000 of the Bettles (Patton and 
Miller, 1973), Melozitna (Patton and others, l978), and Tanana (Chapman and 
others, 1982) quadrangles now cover the entire Ray Mountains area, and a few 
preliminary topical reports related to that mapping or earlier work are also 
available. The moat applicable of these to the Ray Mountains area deal with the 
Kaltag fault (Patton and Hoare, 1968), the age of the Rampart Group (Broage and 
others, 19691, and mapping at Sithylemenkat Lake (Herreid, 1969). The main 
impetus for more recent and on-going work in the Ray Mountains area was a 
multidisciplinary study along a transect across the Yukon-Koyukuk basin, from its 
southeast borderland in the Ray#ountains, to the south flank of the Brooks Range. 
Of the many short topical reports and-abstracts generated so far by the Yukon- 
Koyukuk transect, mostly published since 1985, those of Dover and Miyaoka 
(1985a,b,c) in the Ray Mountains area are emphasized in this review, and others 
are cited where relevant. . b.'., 

Geologic Frarmrwork. Dover and ~iyaoka (1985a) separated the Ray Mountains 
segment of the Kokrines-Hodzana upland into three diverse and complex rock 
packages, and a fourth package is designated here. These are informally named (1) 
the metamorphic suite of the Ray Mountains, in the central part of the range; (2)  
the Kanuti assemblage, on the northwest: (3) the Rampart assemblage, on the 
southeast; and ( 4 )  the Devonian metaclastic sequence separating packages 1 and 3 
(figs. 11 amd 12). The metamorphic suite of the Ray Mountains is part of the Ruby 
tezrane of Silberling and Jones (19041, and the structurally flanking-Kanuti and 
Rampart assemblages correspond to their Angayucharn and Tozitna terranes, 
respectively. The mid-Cretaceous Ray Mountains granitic batholith was intruded 
mainly into the metamorphic suite, but it locally cuts all of the other 
assemblages. The map distribution of these major units is shown on figure 12. 

Metamorphic suite of the Ray ~ountains--Five informal units compxise the Ray 
Mountains metamorphic suite. The structurally lowest two (units 1 and 2) may be 
autochthonous; the other three (units 3 to 5 )  are more structurally complex and 
are probably parautochthonous or possibly allochthonous. 

Unit 1 is feldspathic quartzite containing 70 to 85 percent quartz, 10 to 20 
percent intermediate plagioclase, and 2 to 10 percent mica. Most samples also 
contain a few percent of untwinned K-feldspar, and many have as much as 5 percent 
garnet andtor) cordierite. The protolith was a slightly argillaceous, 
feldspathic, quartz-rich sediment of continental derivation but uncertain age. 

Unit 2 is a mineralogically and texturally distinctive augen orthogneiss 
containing augen of igneous plagioclase, granulated quartz and plagioclase, or 
poikilitic simply twinned K-feldspar, in a cataclastic matrix of quartz, feldspar, 
and synkinematic micas. The augen orthogneiss has a Devonian U-Pb zircon age of 
390212 Ma (Patton and others, 1987). Similar augen orthogneiss yields Middle 
Devonian to Early Mississippian Rb-Sr whole-rock and U-Pb zircon ages elsewhere in 



EXPLANATION 

I 0  Quaternary deposits, undivided Metamorphic Suite of the Ray Mountains 

TKv 

Tertiary sedimentary rocks, undivided 

Felsic volcanic rocks (lower Tertiary to 
Upper Crstaceous) 

Quartz-pebble conglomerate (Upper 
Cretaceous) 

Igneous-pebble conglomerate (Upper? 
and Lower Cretaceous) 

Graywacke and mudstone (Lower 
Cretaceous) 

Unit 5--Quartzite and marble (middle 
Paleozoic and older?) 

Unit 4--Metabasite (Mesozoic, middle 
Paleozoic or older?) 

Unit 3--Pelitic to quarttitic schist (middle 
Paleozoic and older?) 

Unit 2--Augen onhogneiss (Devonian) 

Unit 1 --Quartzofeldspathic paragneiss 
(lower Paleozoic or Late Proterozoic) 

Kgr Granitic intrusive rock  (Cretaceous)-- ,--.. . .-, 
Includes Ray Mountains pluton - Contact 

Kanuti Assemblage Normal fault--Where shown, bar and bpll 

m Ju 
on downthrown side; dotted wher'e' ' 

Utramafic unit (Jurassic and(or) older) concealed 
8 JMbc Chen and basalt unit (Jurassic? to 

Mississippian) - Thrust fault--Sawteeth on upper plate, 
dotted where concealed 

Rampart Assemblage 

Jrn Mafic igneous rocks (Triassic and 
older?) 

A Strike-slip fault--Shear symbol used 
e where fault zone is wide, arrows 

show sense of displacement, dotted 

r Rsmpan Gmup (Triassic? to 
where concealed 

Mississippian)--Sedimentary rocks - Anticline 

Devonian Metactastic Sequence 

E l  Limestone and dolomite (Upper 
Devonian) 

Dmw Blastornylonitic bimodal qusnz-wacke 
and associated clastic rocks 
(Devonian and older?) 

Syncline 

.--4.- Overturned syncline 

A Geographic landmark 

0 Locality referred to in text 

Figure 11.--Geologic map of t h e  Ray Mountains area .  See figure 3 
for area l o c a t i o n  
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Figure 12. Generalized stratigraphic columns of the 
Ray Mountains area. See figure 5 for explanation 
of lithologic symbols, and figure 11 for 
explanation of map units. 
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the metamorphic borderlands of the Yukon-Koyukuk basin (Dillon and others, 1979, 
1980, and 1985). The protolith of the augen orthogneiss was granitic igneous rock 
that was probabLy intruded into the other four units. 

Unit 3 is the most widely distributed and variable of the metamorphic units 
and consists mainly of pelitic to quartzitic schist. Subordinate interlayers are 
micaceous quartzofeldspathic schist, calc-schist or calc-silicate gneiss, 
amphibolitic schist, quartzite, marble, phyllonite, and, a t  one locality, meta- 
conglomerate containing metabasite clasts as large as cobble size. Quartz- 
segregation layering and blastomylonitic fabric are characteristic, and bedding is 
transposed along the main foliation, which parallels axial surfaces of isoclinal 
folds. The schist varies widely in mineralogy and texture because of the complex 
interaction of polyphase deformation and polymetamorphic recrysta~lization 
superimposed on its diverse lithologic components. The protolith of most of the 
schist was siliceous argillite and argillaceous feldspathic to calcareous quartz- 
rich sediment, which possibly oqiginated as a turbidite having primary 
alternations of quartzofeldspathic'an~~argillaceous laye~s. 

Unit 4 consists of metamorphosed mafic igneous rocks, or metabasite, that 
occurs as large mappable bodies ranging from metagabbro and metadiabase to . ,:e4 
amphibolite and garnet-amphibolite. It also occurs as thin interlayers of 
amphibolitic schist and greenschist within unit 3. The mappable mafic rock bodies 
grade in fabric and degree of recrystallization from weakly sheared and 
incompletely recrystallized in their cores to strongly sheared and extensively 
recrystallized along their margins. 

Unit 5 is composed of relatively pure quartzite and marble. Beds thick 
enough to map separately on figure 11 are associated with metabasite bodies in the 
southern part of the Ray Mountains. A few thin interbeds of quartzite and marble , 

also occur in unit 3 .  

Contacts between units within the metamorphic suite of t h e  Ray Mountains are 
generally shallow-dipping, somewhat discordant blastomylonite zones in which 
ductile shear occurred under low-grade metamorphic conditions. 

Preliminary analysis suggests that the mesoscopic fabric of the metamorphic 
suite of the Ray Mountains involves at least three defomational phases and three 
metamorphic episodes (Dover and Miyaoka, 1985b) . The earliest folds (Fl, fig. 131 
are isoclines to which the main schistosity (Sl) is axial planar. F1 axes 
comonly parallel the axes of mapped folds. In thin section, F1 isoclines are 
associated with synkinematic amphibolite-facies minerals (MI) . F1 isoclines are 
overprinted by second generation folds (F2) of variable style that have axial 
plane cleavage (S2) at a low to moderate angle with S1 (fig. 13). Most F2 folds 
are small chevron folds with tight or even isoclinal forms. Tight F2 folds 
increase in abundance toward cataclastic zones between major rock units and 
assemblages, where the cataclastic foliation is the dominant fabric element and 
appears to coincide with 52.  These second-generation structures throughout the 
metamorphic suite of the Ray Mountains are invariably associated with greenschist- 
or locally glaucophaniric greenschist-facies mineral assemblages 042). In rocks 
not strongly affected by the cataclastic event, M2 produced relatively minor 
retrogression of M1 minerals. In more strongly cataclastic rocks, many of 
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Figure 13. Sketches of superimposed mesoscopic 
structures. F, fold axis;  S, axial plane 
foliation; subscripts indicate sequence of 
formation: acrows showing sense of rotation 
indicate asymmetry of folding. 
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Figure 14. Possible protolith model for the 
metamorphic suite of the Ray Mountains. 



phyllitic aspect, MI minerals are locally preserved as granulated or pseudomorphic 
relics cut by cataclastic S2 foliation with synkinematic M2 mineral assemblages. 
Such rocks are retrogressive phyllonites. All the graphitic chlorite-muscovite- 
quartz schist of the Ray ~ountains metamorphic suite is probably blastomylonita 
produced or affected by the M2 cataclastic event, and some of these rocks are 
demonstrably phyllonitic. In parts of the Ray Mountains not strongly affected by 
the cataclastic event, broad warps (F3) bend earlier structures in individual 
outcrops; FL and F3 are coaxial in places. In strongly cataclasized zones, F3 
folds are generally small crenulations that fold synkinematic M2 minerals and have 
only incipiently recrystallized axial-plane cleavage (S3) that cuts the 
cataclastic S2 foliation. Hornblende-hornfels facies mineral assemblages (M3) 
occur in a contact metamorphic aureole several kilometers or less wide around the 
mid-Cretaceous Ray Mountains granitic batholith. M3 is generally post-kinematic 
relative to F2/S2 and earlier structures, and may represent a late, post-kinematic 
phase of M2. However, in the easternmost part of the Ray Mountains metamorphic 
suite, where it is in contact with the Devonian metaclastic unit and the Rampart 
assemblage, M3 garnet and albitic plagtocfase porphyroblasts are rotated within a 
cataclastic foliation that is probably $3 but could possibly be 52.  

Kanuti assemblage--Two tectonically juxtaposed units form the Kanuti . i . * r  

assemblage, which lies on the northwest side of the metamorphic suite of the Ray 
Mountains. A lower chert-basalt unit contains discontinuous and largely unaheared 
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blocks and lenses of incipiently recrystallized basalt, diabase, gabbro, and 
sexpentinized ultramafic rocks in a mylonitic, melange-like matrix of low-grade 
metasedimentary rocks that include bedded chert of Triassic age, azgillite, slate, 
Mississippian limestone, and volcaniclastic rocks (W. W. Patton, written comun., 
1983). The structurally overriding ultramafic unit contains cryptically deformed, 
extensively serpentinized layered gabbro, peridotite, harzburgite, and dunite, 
with garnet-amphibolite possibly derived from eclogite at the base. K-Ar ages on 
hornblende from the gacnet amphibolite are 138, 149, and 161 Ma (W. W. Patton, 
written comun., 1983). Primazy igneous and sedimentary textures and mineralogy 
are typically preserved in the Kanuti assemblage, which was interpreted to be 
dismembered ophiolite by Patton and others (1977) and Loney and HirmneLberg 
(1985a, b) . 

Although contacts between the Kanuti assemblage and the metamorphic suite of 
the Ray Mountains are poorly exposed, the Kanuti appears to lie in low- to 
moderate-angle t h n s t  contact on the metamorphic suite because of the intensity of 
shearing in the lower, chert-basalt unit, and the regional discordance of its 
basal contact with deformed units of the underlying metamorphic suite. The Kanuti 
ophiolite is interpreted to be a slice of the oceanic basement of the Koyukuk 
basin that was obducted southeastward onto the continentally derived metamorphic 
suite of the Ray Mountains (Patton and Box, 1985; Cady, 1986; Miller, 1985; Arth, 
1985; Patton and others, in press, b). If so, obduction appears to have been 
completed by mid-Cretaceous time, because emplacement of the Ray Mountains 
batholith locally produced contact metamorphic effects in the Kanuti ophiolite (W. 
W. Patton, written commun., 1983). Also, at one locality in the chert-basalt 
unit, bedded chert displays three phases of folding similar in style, orientation, 
and mutual angular relationships to folds in the adjacent metamorphic suite (Dover 
and Miyaoka, 1985b). This similarity suggests that the Kanuti assemblage was in 
place or was close enough to the borderland in pre-mid-Cretaceous t h e  to have 



participated in the same folding history as the metamorphic suite. The amount of 
abduction represented by the Kanuti belt is controversial and relates to the 
problem of the origin of the Tozitna terrane (Rampart assemblage) discussed on 
pages MS p ,  76-80, but obduction may not have extended much beyond the present 
limits of Kanuti exposures. 

Rampart assemblage--The term Rampart assemblage, as used informally here, 
includes the Rampart Group of Mertie (1937), as well as voluminous associated 
mafic intrusive rocks. S; defined, the Rampart assemblage corresponds to the 
Tozitna stratigraphic belt of the Livengood area. The Rampart Group contains 
basalt, pillow basalt, phyllite, argillite, alate, arkosic semischist, 
volcaniclastic rocks, conglomerate, Permian limestone, and radiolarian chert of 
Mississippian to Triassic(?) ages (Jones and others, 1984). Introsive rocks 
included in the Rampart assemblage are mainly diabase and gabbro, but subordinate 
diorite and minor serpentinired ultramafic rocks occur as well. A K-Ar age of 
21026 Ma (Triassic) is reperteday BrosgB and others (1969) on hornblende from 
gabbro near the town of Rampart. ' +--.'-- 

Devonian metaclastic sequence--Also tentatively included in the Rampart 
assemblage by Dover and Miyaoka (1985a) were low-grade cataclastic rocks that 1.j;~~ 
structurally between the Rampart Group and the metamorphic suite of the Ray 
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Mountains in the southeastern Ray ~ountains. Blastomylonitic quartz-wacke with 
bimodal quartz grain-size distribution is the dominant and most distinctive 
lithology, but associated rocks include contorted phyllite, platy arenaceous 
limestone, slightly argillaceous quartz-siltstone, poorly sorted limonite-spotted 
quartzite with limy cement, and pebbly mudstone with clasts as much as 2 cm in 
diameter of limestone, quartz, quartzite, chert, argillite, and feldspathic 
quartz-arenite. No local evidence was found in the southeastern Ray Mountains for 
the protolithic age of the  bimodal quartz-wacke unit, but the Devonian(?) age 
(Dover and Miyaoka, 198Sa) suggested by analogy with lithologically similar rocks 
of the Beaver quadrangle to the north (Brosg* and othera, 1973) is now confirmed 
by the recovery of latest Devonian (Famennian) canodonts (Anita Harris, written 
communs., 1985 and 1986) from platy limestone ("limestone and dolomite unit" of 
Figure 11) associated with the bimodal unit in the area between the Tozitna and 
Yukon Rivers. 

New lithologic, textural, and paleontological data on these cataclastic to 
bLastomylonitic rocks in the Tozitna-Yukon Rivers area makes their designation as 
a separate Devonian metaelastic sequence lying between the Rampart assemblage and 
the metamorphic suite of the Ray Mountains more appropriate than assignment to the 
Rampart. The Devonian metaclastic sequence contains some rock types similar to 
those in the Rampart assemblage, but it differs in the predominance of quartz- 
rich, cornonly bimodal clastic rocks, and in being slightly older than the oldest 
rocka documented in the ~&axt assemblage. It contains some mafic intrusive 
material, but less than occurs in the Rampart assemblage. 

The grade and intensity of metamorphic recrystallization of the metaclastic 
sequence appear to increase gradually westward (down section) from unequivocal 
Rampart rocks, toward the metamozphic suite of the Ray Mountains, with which its 
metamorphic textures merge and become indistinguishable. However, clearly 
recognizable primaxy sedimentary textures and clasts are typically preserved in 



the metaclastic sequence, and in this respect it is less thoroughly tectonized and 
recrystallized in most places than is the Ray Mountains metamorphic suite. 
Metamorphic gradation was tentatively attributed to metamorphic convergence, 
caused by retrogressive phyllonitization in the metamorphic suite of the Ray 
Mountains, and progressive metamorphism in structurally detached rocks now 
assigned to the Devonian metaclastic sequence (Dover and Miyaoka, 1985b). 

Fabric data from the Devonian metaclastic sequence in the southeastern Ray 
Mountains define broadly folded but generally southeast-dipping blastomylonitic 
foliation and include mineral lineations interpreted as indicators of northwest- 
southeast movement. Two lines of evidence were cited by Miyaoka and Dover (1985) 
for up-dip movement from southeast to northwest toward the metamorphic core of the 
Ray Mountains: (1) Five of the six asymmetrical folds observed in the metaclastic 
sequence verge to the northwest, and a major east-west-trending fold in the 
underlying metamorphic suite appears to be overturned northwestward. (2 )  In a 
preliminary study of shear-sense., the preponderance of shear data also suggest 
northwestward-directed up-dip sheaf; 'Rbuement indicators include s-c tectonites, 
asymmetrical augen, porphyroblast tails, and rnicrofolds. If mylonitization was 
related to movement of the overlying Rampart assemblage, the microfabrics indicate 
it moved northwestward toward the crest of the Ruby geanticline. Recent . i . * r  

additional fabric data confirm a consistent northwest-directed sense of shear for 
the southeastern flank of the Ray Mountains, but show numerous variations in trend 
and inconsistencies in sense of shear for the Ray Mountains area as a whole 
(Miyaoka and Dover, in press) . 

Ray Mountains pluton--The Ray Mountains pluton is alined east-west across the 
northeast-trending Ruby-Hodzana upland. A reconnaissance map by Puchner ( 1 9 8 4 )  
shows the Ray Mountains batholith to be a composite of at least four separate 
intrusive phases ranging from K-feldspar-rich porphyritic granite, biotite 
granite, and two-mica granite, to granodiorite. Several K-Ar, Rb-Sr whole rock, 
and U-Pb ages from various phases of the Ray Mountains batholith range from 104 to 
111.6 Ma (Puchner, 1984; Silberman and others, 1979a; Patton and others, 1987). 
The isotope chemistry of the Ray Mountains pluton and other granitic plutons of 
the Ruby geanticline indicates that they are S-type plutons derived from or 
contaminated by continental crust (Miller, this volume). Slight contact 
metamorphic effects are present in the Kanuti assemblage at the west end of the 
Ray Mountains pluton, and an intrusive contact between a granitic pluton of 
similar age and the Kanuti assemblage was mapped by Patton and others (1978) in 
the Melozitna quadrangle, just southwest of the Ray Mountains. These relations 
establish the mid-Cretaceous as a younger limit for the time of obduction of the 
Kanuti assemblage. At the east end of the Ray Mountains batholith (Mt. Tozi 
lobe), contact metamorphic (M3) garnet and albitic plagioclase porphyroblasts in 
the Devonian elastic sequence were rotated by mylonitization, indicating that at 
least the latest movement there postdates the mid-Cretaceous. 

Brittle fracture and strike-slip faulting--Tozitna fault--A brittle fracture 
fabric and high-angle fault pattern are superimposed on the more ductile older 
fabrics of the Ray Mountains area (fig. 11). The brittle structures are expressed 
mainly by northeast-trending topographic lineaments having generally small down- 
to-the-northwest dip-slip offsets. Geophysical modeling by Cady (1986) suggests 
that post-thrusting high-angle f a u l t s  having similar northeast-trend and 



significant down-to-basin displacement cut the obducted northwest margin of the 
Ray Mountains just west of Kanuti ophiolite exposures. 

The Tozitna fault (.fig. 11) in the southeastern Ray Mountains area is a 
strike-slip fault zone about 1 km wide containing steep kink-fold axes and 
pervasive low-plunging slickensides (Dover, 1985b). Its curvilinear trace can be 
followed for more than 250 km by alined topographic valleys and low drainage 
divides or saddles across ridges from the margin of the Koyukuk basin, across the 
Tanana and Livengood quadrangles at the south edge of Yukon Flats basin, and into 
the Tintina fault system. It displaces the contact between the Rampart assemblage 
and the Devonian metaclastic sequence from its position in the southeastern Ray 
Mountains to that south of the Tozitna River about 55 km in a right-lateral sense, 
a separation comparable with that determined for the Tozitna faulc in the 
Livengood area. 

Implicatians of new mappingbetween Tonitna and Yukon Rivers: The best 
exposures of the contacts between ths"m@tamorphic.suite of the Ray Mountains, the 
Devonian metaclastic sequence, and the Rampart assemblage are in the part of the 
Ray Mountains area lying between the Tozitna xiver and the Yukon River (fig. 11). 
But here, as fn the Mt. Tozi area of the southeastern Ray Mountains, the ,..'* , 
distinctions between these sequences are obscure in places. Thick diabase sills 
and associated sedimentary rocks typical of the Rampart assemblage are underlain 

1 
by a bimodal quartz-wacke-bearing unit that is similar in most of its associated . 

. 

lithologies and petrologic characteristics to the metaclastic sequence of the 
southeastern Ray Mountains. The main differences are that in the Tozitna-Yukon 
Rivers area, (1) the carbonate3 are mainly dolomite or dolomitized limestone, and 
(2) low-grade metamorphic recrystallization of the quartz-wacke unit is locally 
more advanced than in the southeastern Ray Mountains. At locality A on figure 11, 
an argillaceous part of the blastomylonitic quartz-wacke unit grades into garnet- 
muscovite schist, and the post-kinematic static growth of contact metamorphic 
biotite, andalusite, and albite indicates a buried pluton nearby. Even so, 
primary sedimentary textures persist in most places within the bimodal quartz- 
wacke, and a few conodonts of latest Devonian (Famennian) age (A.G. Harris, 
written comun., 1 9 8 4 )  are preserved in thin platy arenaceous limestone beds 
associated with the dolomite. 

Carbonate marker beds in the dominantly metaclastic sequence define large 
folds and thrusted folds. Folding and thrusting clearly involved rocks of the 
overlying Rampart assemblage. Locally, conodont-bearing Famennian limestone 
similar to but thicker than that typical of the rnetaclastic sequence appears to be 
infolded with only incipiently metamorphosed metachert, meta-argillite, and meta- 
diabase tectonite at the base of the Rampart assemblage. Also, metachext that 
yields Mississippian to Triassic radiolarians (Jones and others, 19841, limestone 
containing poorly preserved middle to late Paleozoic corals (Chapman, 1974), and 
thick diabase sills, all belonging to the Rampart assemblage, are structurally 
imbricated with the metaclastic sequence in places. Thrusts dip north, and where 
folds are asymmetrical, vergence is to the south or southeast. However, shear 
indicators in tectonites of the Devonian metaclastic unit generally indicate a 
top-to-the-north, -northwest, or -west sense of shear, suggesting a complex 
history of movement for the contact between the Rampart sequence and the Devonian 
metaclastic unit (Miyaoka and Dover, in press). The imbricated contact has a 



broadly anticlinal northeast-plunging form in the eastern part of the Tozitna- 
Yukon Rivers area. The area of highest metamorphic grade and contact-metamorphic 
effects, near the bend in Canyon Creek (locality A, fig. 111, occurs along the 
anticlinal axis, suggesting that the buried pluton inferred there occurs in the 
core of the broad anticline. 

Near Moran-Dome (fig, ll), at the west end of the Tozitna-Yukon Rivers area, 
low- to medium-grade schist with quartz segregations resembling schist in the 
metamorphic suite of the Ray Mountains, is intruded by probable mid-Cretaceous 
granite. Medium-grade mineral assemblages are restricted to the contact aureole 

- of the pluton. The dominantly low-grade rocks of the Moran Dome area are similar 
in composition, mineralogy, and texture to the most extensively recrystallized 
parts of the metaclastic sequence in the Canyon Creek area to the east. However, 
continuity between the two areas is masked by poor exposures and the intervening 
occurrence of less completely recrystallized rocks of the metaclastic sequence and 
diabase of the Rampart assemblage. About 8 km northeast of Moran Dome, 
differences in metamorphic grade and ,degree of recrystallization between the Ray 
Mountains metamorphic suite and the Devonian metaclastic unit appear to be 
telescoped by east-dipping thrusts. Sense of shear determined from s-c tectonites 
in this area is variable, and blastomylonitic lineations participated in broad -,:., 
post-shear folding. However, the best-developed s-c fabrics indicate top-toward- 
the-west and -northwest up-dip movement (Miyaoka and Dover, in press; Smith and 
Puchner, 1985) , as they do in the southeastern Ray Mountains. 

From relations mapped in the Tozitna-Yukon Rivers area, the contact between 
the Rampart assemblage and the Devonian metaclastic sequence is interpreted as a 
zone of ductile detachment, complicated by later folding and imbricate thrusting, 
separating two vertically stacked sequences that may originally have been in 
stratigraphic continuity. Detachment was probably controlled by fundamental 
differences in ductility between the two sequenceso-a more competent, mafic-rich, 
typically Rampart upper sequence that is latest Devonian and youncrer in age, and a 
less competent, quartz-wacke-rich lower sequence that is latest Devonian and older 
in age. Variable and locally divergent sense-of-movement data indicate a complex 
history of movement for this contact. The contact between the Devonian 
metaclastic sequence and the metamorphic suite of the Ray Mountains is also 
strongly sheared, and is further obscured by metamorphism that increases gradually 
in grade and degree of recrystallization with depth and toward granitic plutons. 
An original stratigraphic contact, possibly an unconformity, is possible, but 
cannot be proved. It is also possible that all of the mulriphase deformation and 
polyinetamorphism of the metamorphic suite of the Ray Mountains occurred in one 
prolonged and intermittently active orogenic event, the ductile and brittle 
effects of which were largely depth-controlled and overlapping in time. Early 
ductile fabrics f o m d  moderately deep in the crust may have been overprinted by 
more brittle fabrics later in the orogenic cycle, as structural thickening of the 
crust drove uplift of the Ruby terrane. 

Protoliths o f  metamorphic rocks in the Ray Mountains area. The protolith of 
the main body of the metamorphic suite of the Ray Mountains was quartz-rich, 
dominantly argillaceous, possibly turbiditic sediment, containing subordinate 
mafic-igneous intercalations and a few interbeds of quartzite, calcareous 
sediments, volcaniclastic rocks, and limestone (units 3-5, figs. 11 and 12); 



possible baaement rocks are coarse-grained to gritty quartzitic to 
quartzofeldspathic rocks (unit 1, figs. 11 and 12). The heterogeneous protolith 
of the Devonian metaclastic sequence (figs. 11 and 12) includes bimodal quartz- 
wacke, siliceous argillite and chert, iron-rich and locally carbonate-cemented 
quartzite, polymictic conglomerate, mafic sills and dikes, and latest ~evonian 
(Famnnian) limestone. In lithologic character, these rock types resemble those 
in lower to middle Paleozoic assemblages deposited on gritty Wickersham (Late 
~roterozoic) baaement in the Livengood area, and in the outer part of the 
Cordilleran miogeocline in general. Appropriate protolithic models are the 
stratigraphic reconstructions described by Gordey (1981) for the Selwyn basin and 
Cassiar platfonn of south-central Yukon Territory (fig. 14), which contain all of 
the lithic elements represented in the metamorphic suite of the Ray Mountains and 
the Devonian mtaclastic unit. 

Beaver area 

As defined here, the Beaver area includes parts of the Beaver, Chandalar, 
Christian, and Arctic 1:250,000 quadrangles, and extends from the northeastern 
part of the Kokrines-Hodzana upland into the southeastern Brooks Range (fig, 3) ,5 : . r  

Previous work. Parts of the Beaver area were included in the pioneering 
I 

reconnaissance studies of Schrader (1900, l904), Maddren (19131, and Mertie (1925, 
1929). The most recent geologic maps of the Christian, Chandalar, and ~ r c t i c  
quadrangles were completed by Brosge and Reiser in 1962, 1964, and 1965, 
respectively: the Beaver quadrangle was mapped by Brosg* and others (1973). 
Topical studies, some of regional scope, include Brosge (1960, 19751, Brosgi and 
others (1962), Reiser and others (1965), Chipp (1970), Brosg& and Dutro (19731, 
Holdsworth and Jones (19791, and Dillon and others (1979). 

Stratigraphic and structural framework. The Beaver area has map relations 
that are critical to three major geologic problems: (1) stratigraphic correlation 
between the southeastern Brooks Range and the east-central Alaska region, (2 )  the 
relation of the mafic igneous complexes of the Beaver and Christian quadrangles to 
adjacent strata of the Ruby geanticline and the southeastern Brooks Range, and ( 3 )  
the relation between faults inferred to have dominantly strike-slip movement of 
moderate to large displacement, and faults interpreted as thrusts. The brief 
summary presented here is based mainly on the maps of Brosgb and Reiser cited 
above. Part of the Beaver area is also discussed by Moore and others (this volume) 
in the context of the entire Brooks Range orogen. 

Three principal rock packages are recognized in the Beaver area: (1) the 
mafic igneous complexes of the Beaver and Christian quadrangles, ( 2 )  low-grade 
metamorphic rocks of the Ruby geanticline and southeastern Brooks Range, and ( 3 )  
an intervening belt of dominantly clastic semi-schistose Devonian rocks (figs. 15 
and 16). 

(1) Mafic igneous complexes of the Beaver and Christian quadrangles--These 
contain gabbro, diabase, diorite, and basalt of Jurassic and older(?) age (Reiser 
and others, 1965), intercalated with chert, argillite, tuff, and associated 
basinal rocks of Mississippian to permian age (Holdsworth and Jones, 1979). These 







complexes appear from published descriptions to be equivalent in a11 respects-- 
including lithologic content and age of basinal sedimentary rocks, composition and 
Mesozoic age of mafic igneous rocks, and stratigraphic and structural position 
with respect to adjacent rock sequences--to the Rampart assemblage of the Ray 
Mountains and Livengood areas, and the Circle Volcanics of the Charley River area. 
Regional correlation of these sequences is implied by the inclusion of all four in 
the Tozitna terrane of Silberling and Jones (1984). 

(2) Low-arade metamorphic rocks of the Ruby geanticline--These rocks, located 
in the western part of the Beaver quadrangle include pelitic schist, marble, 
quartzite, calcareous schist, quartzo-feldspathic schist and gneiss, and 
greenstone; most are low-grade metamorphic rocks of the greenschist facies, but 
they have medium- to high-grade metamorphic assemblages near the Hodzana and 
Kanuti batholiths and other granitic plutons (fig. 15). These metamorphic rocks 
closely resemble those in the metamorphic suite of the Ray Mountains, and they 
probably formed from the same protoliths. Structural and metamorphic details are 
not available for this part of the kuby"geantic1ine. Low-grade metamorphic rocks 
similar to those of the Ruby genaticline also occur in the "schist belt" along the 
part of the southern Brooks Range included in the Hamond and Coldfoot subterranes 
of the Arctic Alaska terrane (fig. 2) of Silberling and Jones (1984) . For ,..*, 
example, generally low-grade metamorphic and blastomylonitic rocks exhibiting 
complex fabrics fanned by multiple deformation and polyphase metamorphism have 
been described in the "schist belt" (figs. 15 and 16) by Gottschalk (1987) and 
Grybeck and Nelson (1981). The Harnmond subterrane differs lithologically from the 
Coldfoot subterrane and the Ruby geanticline in containing locally thick Skajit 
Limestone (Devonian) and lower Paleozoic carbonate rocks. Locally, greenstone and 
greenschist are abundant and form large mappable masses in both the Hamond and 
Coldfoot subterranes, just as metabasites do in the Ray Mountains metamorphic 
suite. 

( 3 )  Weakly metamorphosed Devonian clastic rocks--These r o c k s  comprise the 
Venetie terrane of Silberling and Jones (1984) and occur in a belt that separates 
the mafic igneous complexes of the Beaver and Christian quadrangles from 
metamorphic r o c k s  of the Ruby geanticline and the southern Brooks Range. The most 
characteristic features of these metaclastic rocks axe their ferrugenous quartz- 
and chert-rich wacke and lithic graywacke components and their pervasive but 
incompletely recrystallized blastomylonitic fabric, through which primary 
sedimentary features and rare invertebrate fossils are preserved. A unit of black 
phyllitic argillits with subordinate wacke interbeds appears to underlie the 
coarser clastic  rocks. Available thin-sections from rocks of this metaclastic 
sequence coma~only contain more chert clasts than those from rocks of the Devonian 
metaclastic sequence in the Ray Mountains area, but some sections of quartz-rich 
siltstone and bimodal quartz-wacke are petrographically indistinguishable from 
those of the Ray Mountains. The quartz-wacke and graywacke units of the Beaver 
area (Brosgb and Reiser, 1962, 1964; Brosgh and others, 1973) appear to be 
mutually gradational and are most likely interbedded; these units are not 
separated in figure 16. At least partly correlative Hunt Fork Shale and Kanayut 
Conglomerate occur in the Endicott Mountains subterrane of the Arctic Alaska 
terrane of Silberling and Jones (1984). 



The contacts between the three rock packages described above are shown on 
figure 15 as thrust faults. In most places, these were mapped as stratigraphic 
contacts by Brosgh and ~eiser (1962, 1964) and Broag i  and others (1973), but 
structural detachment is interpreted here for most of them, based on map 
discordances. If correct, analogy with the Ray Mountains area suggests that these 
detachments may range from thick zones of distributed ductile shear to brittle 
thrusts, or some complex combination of both. The age of ductile shearing in the 
Beaver area appears to be bracketed between the Jurassic age of the mafic igneous 
rocks in the Beaver and Christian complexes, which are locally involved, and the 
mid-Cretaceous age of the Hodzana pluton (BrosgB and others, 1973), which 
influenced the  crystallization of blastomylonitic fabrics during or just after 
ductile deformation. If brittle thrusting occurred, it most likely post-dates 
ductile deformation. 

Two zones of right-lateral strike-slip faulting appear to cut east-west 
across the Beaver area. The sou$hernmost zone, along the north edge of the Beaver 
quadrangle, contains two main fault' strand3 that displace the east end of the 
Hodzana pluton, as well as the contacts between the three principal rock 
assemblages of the Beaver area, right-laterally about 17 km. The eastward 
continuation of this zone along the north edge of Yukon Flats basin is not . i.*r 
exposed, but it may merge with the other major strike-slip zone, which parallels 
the Chandalar River in the  southern Chandalar quadrangle. This zone, here called 
the Kobuk-Malamute fault zone, is poorly exposed, but it marks a prominent 
aeromagnstic lineament (Cady, 1978) and a topographic and geologic break between 
the Ruby geanticline and the schist belt of the southern Brooks Range, along which 
mafic and associated rocks (Angayucham terrane) at the margin of the Koyukuk basin 
appear to have been dragged and attenuated. The amount of right-lateral strike- 
separation along the Kobuk-Malamute zone is uncertain. However, it could be 80 km 
or more if the more eastward position of the rnafic igneous complex of the 
Christian quadrangle compared with that in the Beaver quadrangle represents 
strike-separation of an originally straighter belt of mafic complexes that was 
connected. 

Discussion. Three observations of Brosg& and Reiser (1973) in their 
descriptions of map units in the Beaver area suggest that the Devonian metaclastic 
sequence of the Beaver area shares or overlaps in metamorphic and lithologic 
characteristics with adjacent metamorphic sequences and with the rnafic igneous 
complexes of the Beaver and Christian quadrangles: 

(1) Although most exposures of the Devonian metaclastic sequence are weakly 
to strongly blastomylonitic, western exposures are more coarsely schistose and 
appear to grade into schistose rocks typical of the Ruby geanticline and the 
schist belt. This gradation is especially evident near the Hodzana and Kanuti 
batholiths in the Ruby geanticline, and west of the Chandalar River in the 
Chandalar and Christian quadrangles. 

(2)  The Devonian clastic rocks of the Endicott Mountains and Hammond 
subterranes and the  Venetie terrane i n  the Chandalar and Christian quadrangles are 
similar to one another in their lithologic range and content of distinctive rock 
types. Based on the map distribution of these units, their variably 
recrystallized fabrics, and sparse fossil evidence, Brosgi and Reiser (1962, 1964) 



considered at least some of the metamorphic rocks of the schist belt to be more 
thoroughly and coarsely recrystallized low- to medium-grade metamorphic 
equivalents of the Devonian clastic sequence. If correct, the terrane boundary 
between the Devonian clastic sequence and rocks of the adjacent schist belt may be 
primarily a metamorphic transition. 

(3) Graywacke and quartzite like that of the Devonian clastic sequence 
locally intergrade with cherty rocks assigned to the mafic igneous complexes of 
the Beaver and Christian quadrangles. Brosgh and others (1973) also note places 
in the Christian quadrangle where these mafic rocks intrude and include Devonian 
metaclastic rocks. 

These three observations heighten the similarity between the Beaver and Ray 
Mountains areas. They also support the possibility that the three principal rock 
packages here, as in the Ray Mountains area, may be structurally disrupted 
sequences that originally had stratigraphic continuity. 

I - +--C.- .I_ 

Coleen area 
, i . * a  

As defined here, the Coleen area includes the Coleen and most of the Table 
Mountain and Black River 1:250,000 quadrangles, and spans contiguous parts of the 

i 
southeastern Brooks Range (Moore and others, in press) and the part of the east- 
central Alaska region containing the Porcupine platform (fig. 3). 

Previous work. The earliest reconnaissance work in the Coleen area was by 
Kindle (1908) , cairnes (1914) , and Maddren and Barrington (1955) . preliminary 
geologic maps at a scale of 1:250,000 were published for the Coleen quadrangle by 
Broagk and Reiaer (19691, for the Black River quadrangle by Brabb (1970), and for 
the Table Mountain quadrangle by Brosgb and others (1976). A detailed geologic 
traverse along the Porcupine River (Brosg8 and others, 1966) supplements 
reconnaissance mapping in the Coleen quadrangle, and the geologic map of the Black 
River quadrangle (Brabb, 1970) incorporates unpublished mapping by geologists of 
the British Petroleum Exploration Company and Louisiana Land and Development 
Corporation. Numerous regional stratigraphic reviews discuss the stratigraphy of 
the Coleen area, including those by Laudon and others (19661, Churkin and Brabb 
(1968), Brosgb and others (1962), Brosge and Dutro (19731, Dutro (1979), and Dutro 
and Jones (1984) . 

Stratigraphic fr8umlroxk. The Brooks Range and Porcupine platform parts of 
the Coleen area have important similarities in their stratigraphic and structural 
frameworks, as well as the differences emphasized by terrane subdivision. For 
example, the Coleen quadrangle combines critical stratigraphic and structural 
relationships of the Table Mountain quadrangle, representative of the Brooks Range 
orogen, with those of the Black River quadrangle, representative of the northern 
Canadian Cordillera. The stratigraphy of the Coleen quadrangle is divided by 
Brosg& and Reiser (1969) into four sequences, named the (1) Christian River, (2 )  
Brooks Range, (3 )  Strangle Woman Creek, and ( 4 )  Porcupine River sequences (figs. 
17 and 18) . 
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Figure  17.--Geologic map of  t h e  Coleen area. See f i g u r e  3 f o r  area 
l o c a t i o n .  







(1) Christian River sequence--This sequence contains a basinal facies of 
black argillite, sandstone, and varicolored chert of ~issiasippian to Triassic? 
age, basalt, and limestone of Mississippian age, all complexly injected by 
voluminous gabbro, diabase, and quartz diorite sills and dikes (fig. 17). The 
Christian River sequence is contiguous with, and has a similar range of lithic 
content and age, as the m f i c  igneous complexes of the Christian and Beaver 
quadrangles in the Beaver area, and most of the sequence is assigned by Silberling 
and Jones ( 1 9 8 4 )  to their Tozitna terrane. The lower part of the Christian River 
sequence differs from the other mafic igneous complexes in containing interbeds of 
thin, bioclastic, cherty, Mississippian limestone assigned by Brosge and Reiser 
(1969) to the Lisburne Group. The basinal aspect of these limestone interbeds 
contrasts with the shallow-water platformal facies of the Lisburne that 
characterizes the adjacent (and underlying?) Brooks Range sequence (Endicott 
Mountains subterrane of Silberling and Jones, 1984). However, gradations between 
platformal and basinal facies occur in the Lisburne Group of the Brooks Range 
(Dutro, 1979; Dutro and Jams, 1 9 8 4 ) .  The occurrence of the Mississippian 
carbonates appear8 to have led Siltier33tig"and Jones (1984) to designate the lower 
part of the Christian River sequence as a separate Sheenjek terrane distinct from 
both the Tozitna terrane and the Endicott subterrane (figs. 17 and 18). 
Alternatively, the interbedding of Lisburne limestone at the base of a mafic- +*, 
injected and otherwise Tozitna-like sequence could be interpreted as lithologic. 
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intergradation between the Christian River and Brooks Range sequences (and between 
their equivalent terranes) . Unconformably overlying the Mississippian limestone 
in the lower part of the Christian River sequence are Permian(?) (to Triassic?) 
calcareous fine- to medium-grained clastic rocks and chert. In lithology and age, 
these rocks resemble chert-rich rocks in the Tozitna terrane, as well as chert- 
bearing rocks of the Siksikpuk Formation and Sadlerochit Group, which overlie the 
Lisburne Group in other sequences and terranes of the Coleen area. 

(2) Brooks Ranqe sequence--This sequence is equivalent to the Devonian to 
Mississippian parts of sequences assigned throughout the Brooks Range by 
Silberling and Jones (1984) to their Endicott subterrane. The Brooks Range 
sequence consists of, from oldest to youngest, the Upper Devonian Hunt Fork Shale, 
Upper Devonian and Lower Mississippian Kanayut Conglomerate, Mississippian 
Ketiktuk Conglomerate, Mississippian Kayak Shale, and Mississippian and 
Pennsylvanian Lisburne Group (fig. 18). In the northwest corner of the Coleen 
quadrangle, and in places within the Table Mountain quadrangle to the north, a 
more heterogeneous succession of Devonian(?) limestone and volcanic rocks, and 
Paleozoic(?) semi-schistose ferruginous sandstone, conglomerate, and calcareous 
sandstone either underlies or interfingers with the Hunt Fork-Ranayut interval. 
In parts of the Table Mountain quadrangle, typically ferruginous and semi- 
schistose clastic rocks are assigned to the schist unit (Pzpes) of BrosgL and 
others (1976). Correlation of these clastic rocks with the Late Proterozoic 
Neruokpuk Formation of Norxis (1985),  found in the easternmost Brooks Range 
northeast of the Coleen area, is possible; however, map descriptions of them in 
the Table Mountain quadrangle are most similar in lithologic character, petrologic 
details, and mylonitic to semi-schistose fabric to units assigned by Brosgi and 
Reiser (1962, 1964) and Brosgh and others (1973) to the Devonian metaclastic 
sequence in the Beaver area to the west. 



I n  t h e  Table Mountain quadrangle, the  Lisburne Group of t h e  Brooks Range 
sequence is over la in  by calcareous f ine-  t o  medium-grained c l a s t i c  rocks l i k e  
those of t h e  Permian t o  T r i a s s i c  Sadlerochit Group but y ie ld ing Pennsylvanian as  
w e l l  a s  Permian f o s s i l s .  In p a r t s  of t h e  Arct ic  quadrangle t o  t h e  west, Permian 
and T r i a s s i c  rocks of t h e  Sadlerochit  Group and Siksikpuk Formation overlying t h e  
Lisburne t h e r e  contain bedded cher t  (BrosgA and Reiser, 1 9 6 5 ) .  

(3) St ranqle  Woman Creek sequence--This sequence, located  i n  the  nor theas tern  
Coleen quadrangle, is equivalent  t o  t h e  North Slope subterrane of S i l b e r l i n g  and 
Jones ( 1 9 8 4 ) ,  and contains Mississippian limestone of t h e  Lisburne Group and 
underlying conglomeratic sandstone (co r re la t ive  with t h e  Kekiktuk Conglomerate?) 
t h a t  l i e  d iscordant ly  on semi-schistose ferruginous q u a r t z i t e  and s i l t s t o n e ,  and 
p h y l l i t i c  a r g i l l i t e  ( f ig .  17); t he  contact  was mapped by BrosgB alld Reiser  (1969) 
as  an u n c o n f o d t y ,  but it a l s o  appears t o  mark a metamorphic break and may be a 
zone of s t r u c t u r a l  detachment a s  well.  The semi-schistose c l a s t i c  rocks can be 
t r aced  i n t o  those  of t h e  Bmoks  Range sequence i n  t h e  Table Mountain quadrangle, 
but they a r e  assigned t o  t h e  Paleoz'oiE"fiere, based on t h e  occurrence of f o s s i l  
s n a i l s  i n  a f l o a t  block of t h e  q u a r t z i t e .  

Unconformably overlying the Lisburne Group of the  Strangle Woman Creek ,,:., 
sequence i n  t h e  Coleen area  are questionably i d e n t i f i e d  J u r a s s i c  q u a r t z i t e  a n d '  
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shale .  Locally, che r t  and sha le  of Permian(?) (and Tr iass i c? )  age, and a t  one 
l o c a l i t y ,  calcareous shale,  sandstone, and limestone assigned t o  the T r i a s s i c  
Shublik Formation a r e  mapped beneath t h e  Ju rass ic  rocks (Brosg8 and Reiser, 1969). 
In  t h e  northern Table Mountain quadrangle, t h e  Lisburne Group i s  over la in  by 
l i t h o l o g i c a l l y  s i m i l a r  f ine-  t o  medium-grained c l a s t i c  rocks and limestone of t h e  
Sadlerochit  Group (Permian and Tr iass i c )  and Shublik Formation ( T r i a s s i c )  (Brosgh 
and others ,  1976). 

J u r a s s i c ( ? )  rnafic rocks l i k e  those i n  t h e  Chr is t ian  River sequence occur 
l o c a l l y  within t h e  St rangle  Woman Creek sequence. They in t rude  carbonates of t he  
Lisburne Group i n  t h e  nor theas tern  p a r t  of the Coleen quadrangle, and Permian t o  
J u r a s s i c  c l a s t i c  rocks associa ted  with t h e  Shublik Formation near  t h e  contac t  with 
t h e  Chr i s t i an  River sequence i n  t h e  cen te r  of t h e  quadrangle. 

The St rangle  Woman Creek sequence is intruded by the O l d  Crow ba tho l i th ,  
which conta ins  Carboniferous g r a n i t i c  rocks y ie ld ing K-Ar b i o t i t e  and muscovite 
ages of 29529 Ma t o  335210 Ma (Brosg8 and R e i s e r ,  19691, and assoc ia ted  f e l s i c  
volcanics or metavolcanics. These suggest a middle t o  l a t e  Paleozoic igneous 
event corresponding t o  t h a t  recognized i n  t h e  core of t h e  Brooks Range orogen 
(Dil lon and o the r s ,  1980), i n  t h e  Ruby geant ic l ine ,  and i n  t h e  Yukon-Tanana 
upland. However, t h e  Paleozoic age of t h e  O l d  Crow b a t h o l i t h  is  i n  quest ion,  
because t h e  ba tho l i th :  (a) appears t o  d iscordant ly  cut  t h e  J u r a s s i c  q u a r t z i t e  and 
sha le  un i t ;  (b) c u t s  off f a u l t s  t h a t  a r e  in te rp re ted  from map p a t t e r n s  t o  be 
t h r u s t s ,  which throughout t h e  eas t -cen t ra l  Alaska and southeastern Brooks Range 
region a r e  no o lde r  than l a t e  Mesozoic; and ( c )  appears t o  upgrade incompletely 
r e c r y s t a l l i z e d  semi-schistose rocks of t h e  St rangle  Woman Creek sequence t o  
b i o t i t e  and garnet  schist near its contact ,  a r e l a t ionsh ip  reminiscent of t h e  
inf luence  of Cretaceous p lu tons  on t h e  Devonian metac las t i c  sequence of t h e  Beaver 
area.  These contac t  r e l a t i o n s  r a i s e  t h e  quest ion of whether t h e  O l d  Crow 
batholith may have been remobilized during regional  heat ing  i n  t h e  Cretaceous, or 



whether the batholith might be a Cretaceous one in which the mid-Paleozoic age is 
inherited. 

(4) Porcupine River sequence--This sequence is equivalent to the Porcupine 
terrane of Silberling and Jones (1984). It contains a dominantly carbonate 
succession in its lower and middle Paleozoic parts (fig, 18) that is not present 
in sequences (1) to ( 3 ) .  This succession represents a carbonate platform that is 
best and most completely developed in the northeastern Black River quadrangle 
(Brabb, 19701, Sedimentological and biostratigraphic aspects of the Porcupine 
platform are discussed by Churkin and Brabb (1968), Broage and Dutro (1973), Lane 
and Omiston (19791, and Coleman (1985). Abundantly fossiliferous beds of the 
Lower or Middle Devonian Salmontrout Limestone occur in the lower part of the 
Porcupine platform sequence. Lower Devonian beds lithologically and 
biostratigraphically equivalent to part of the Salmontrout Limestone occur in the 
McCann Hill Chert (Churkin and Carter, 1970) and Ogilvie Formation of Clough 
(1980) in the Charley Riveearea, and in the Schwatka stratigraphic assemblage of 
the Livengood area (R.B. Blodgett, krftyen- comun., 1987) . Carbonate rocks coeval 
with older and younger parts of the Porcupine platform sequence are represented in 
the Silurian to Middle Devonian Tolovana Limestone of the White Mountains 
stratigraphic assemblage in the Livengood area, and in Middle to Upper Devonian,,.., 
and older carbonate beds assigned to the variably metamorphosed Skajit Limestone 
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of the southern Brooks Range (Brosg8 and Reiser, 1964; Nelson and Erybeck, 1980). 

Above the Upper Ramparts of the Porcupine River, Brosgk and others (1966) 
traversed a succession of carbonate and clastic rocks originally considered to be 
Precambrian(?] in age, but which were later assigned to the Paleozoic(?) in the 
Coleen quadrangle (Brosgb and Reiser, 19691. The pattern of repetition of these 
units strongly suggests imbricate thrusting of the sequence. The clastic rocks 
consist of locally blastomylonitic ferruginous quartzite, sandstone, and shale, 
which track northwestward into a broad area of poor exposures that abuts the 
Strangle Woman and Christian River sequences. Laterally equivalent clastic rocks 
in adjacent Yukon Territory are questionably assigned to the Late Proterozoic. 
However, the wide distribution of similar rocks that are locally fossiliferous in 
the southeastern Brooks Range raises the alternative possibility that these 
clastic rocks are part of a regional Devonian metaclastic package that 
unconformably overlies the Paleozoic carbonates and participated in older-on- 
younger thrusting in the upper Porcupine River area. Imbricate thrusting ia also 
evident from the pattern of stratigraphic repetition in the western part of the 
Porcupine River traverse of Brosgi and others (19661, where upper Paleozoic units 
are involved in addition to the middle and lower Paleozoic parts of the section. 

Carboniferous and younger strata of the Porcupine River sequence resemble 
those of sequences (1) to (31, except that the Lisburne Group and rocks of 
Triassic age are not identified. However, cherty limestone and shale like that 
characteristic of the Lisburne &present in two sections measured by Brosge and 
others (1966); in neither case is the top exposed. The Carboniferous to Jurassic 
clastic rocks overlie Paleozoic strata of the Porcupine River sequence. 

Jurassic(?) mafic rocks appear from map patterns to intrude Devonian 
carbonates and associated clastic rocks of both late and early Paleozoic age in 



the Porcupine River sequence. The mafic intrusives are abundant in places, mainly 
north of the Porcupine River. 

Structure. The boundaries of the four stratigraphic sequences of the Coleen 
area are poorly exposed, but some are shown as faults on existing maps (BrosgB and 
Reiser, 1969). The map evidence for sequence-bounding faults is equivocal. 

The part of the Table Mountain quadrangle containing a thick Lisburne 
carbonate section and associated shaly units is characterized by a fold-and-thrust 
belt deformational style that is representative of the central and eastern Brooks 
Range. Most imbricate thrusts appear to splay from weak shaly zones of structural 
detachment, the main one being within the Mississippian Kayak Shale. Bundles of 
generally east-west-trending imbricate thrust faults bend southeastward toward, 
and apparently merge with, several northeast-trending topographic lineaments in 
the southern Table Mountain and northern Coleen quadrangles (fig. 5 7 ) .  Neither 
the lineaments nor the thrwt bupdles can be traced beyond their points of mutual 
convergence. The lineaments appear4t.d"t'rack southwestward into the Kobuk-Malamute 
fault zone of the Beaver area. 

Faults interpreted as thrusts in the southeastern Coleen and northeastern .,;., 
Black River quadrangles have northeast trends paralleling those mapped by Norris 
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(1984) in adjacent parts o f  northern Yukon Territory. The thrusts are cut by 
high-angle faults with more linear or curvilinear northeast trends and for which 
normal dip-slip (extensional) displacements are inferred. Among the moat 
prominent of these are the Yukon and Kaltag faults of Norris (19841, which have 
mapped lengths of 100 to 200 km. Some of the high-angle faults may have a strike- 
slip component of movement, but none appear to be through-going features that 
produce any significant lateral offset of pre-existing thrusts. They m y ,  
however, represent long-lived crustal fractures that intermittently influenced 
basin formation and sedimentation. 

THE GEOLOGY OF EAST-CENTRAL AWLS= IN AN INTERREGIONAL CONTEXT 

Most of the geologic features and problems identified in the foregoing 
sununaries either involve the east-central Alaska region as a whole or are 
interregional in acope, In this section o f  the report, several key topics are 
discussed in an interregional context that draws on data and interpretations in 
adjacent regions of Alaska and Canada, as well as on the descriptive summaries of 
east-central Alaskan geology. 

Terrane s W v i s i o n s  and paleogeographic setting--a regional stratigraphic 
perspective 

The geology of east-central Alaska has been subdivided into numerous 
tectonostratigraphic (lithotectonic) terranes in recent publications (see for 
example, Coney and others, 1980; Jones and others, 1981, 1983, and 1987; Dutro and 
Jones, 1984; Howell and others, 1987; Silberling and others, in press). An 



accretionary*** origin was proposed for some east-central Alaskan terranes by 
Churkin and others (1982) and accretion is indicated for all Alaskan terranes 
according to the usage of Silberling and Jones (1984) and Jones and others (1987). 
There is no question that east-central Alaska has undergone severe structural 
disruption. Most terrane boundaries here are either thrust faults or strike-slip 
faults. In evaluating the significance of these terranes, the most important 
questions are: (1) whether any of the terranes represent accretionary sequences 
that originated beyond the North American depositional margin, and whether any of 
the terrane-bounding structures represent fundamental sutures: or alternatively, 
(2) whether the terranes are compatible within a reasonably reconstructed North 
American paleostratigraphic framework. 

In considering the stratigraphic framework of east-central Aiaska, a 
continuity of generally coeval stratigraphic packages is more apparent for the 
region as a whole than is obvious from the study of stratigraphic details in local 
areas. Despite the stratigraphic differences emphasized by tectonastratigraphic 
terrane subdivisions, many threads 'of'"sl5rbtigraphic continuity and similarity are 
apparent from area to area and terrane to terrane in the foregoing geologic 
summaries. The similarities between many terranes are at least as impressive as 
the differences, and these similarities are of critical significance in evaluatipa 
relations among terranes. Furthermore, it seems clear that stratigraphic 
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differences caused by facies variations and unconfomities within some individual 
terranes are as great as those between terranes (for example, see Dover, in press; 
Brosgh and Dutro, 1973; Thompson and Roots, 1982: Dutro and Harris, 1987). 

Correlation and North American affinity of rocks and terraaes in the Charley 
R i v e r  and Livengood areas. 

Eastern Charley River area--The lithologic content and sequence of 
stratigraphic units in the eastern part of the Charley River fold-and-thrust belt 
are remarkably similar to those of the Middle Proterozoic to Triassic North 
American miogeoclinal succession exposed farther east in Canada. There are some 
obvious stratigraphic differences between the Charley River area and adjacent 
Yukon Territory (Jones and others, 1987), and facies variations are locally 
prominent, as should be expected for any depositional realm as extensive and 
complex as the Cordilleran miogeoeline. Nevertheless, numerous key units of the 
eastern Charley River fold-and-thrust belt (fig. 5) can be correlated with units 
in Yukon Territory of unquestioned North American origin (also see Tempelman- 
Kluit, 1984). Among these correlations are: 

(1) interfingering shale and stromatolitic limestone of the Middle 
Proterozoic lower part of the Tindir Group (Eberlein and Lanphere, in press), with 

*** The term "accretion" as used in this chapter means continental growth by the 
addition of "exotic" material that originated external to the craton and its 
pericratonal depositional prism, usually by convergent plate-tectonic processes. 
This usage excludes the juxtaposition of continental material tectonically 
dispersed from one part of a continental margin to another, either by strike-slip 
faulting or by telescoping on thrust faults. 



the upper p a r t  of t h e  Wernecke Supergroup of eas t -cen t ra l  Yukon Ter r i to ry  
(Delaney, 1981) ; 

(2 )  b a s a l t i c  volcanic and vo lcan ic las t i c  rocks and associa ted  rocks of the  
Lower Cambrian and(or)  Late Proterozoic upper p a r t  of t h e  ~ i n d i r  Group, with t h e  
Mount Harper volcanic complex of Thompson and Roots (1982), Roots and Moore 
(1982), and Roots (1983, 1988) i n  the  Dawson wadrangle;  

(3) g r a p t o l i t i c  sha le  and cher t  of the  Lower Devonian t o  Lower Ordovician 
Road River Formation, with t h e  Road River Formation and c o r r e l a t i v e  rocks of 
Selwyn bas in  and northern Yukon Ter r i to ry  (see  discussion i n  Cecile,  1982,  p .  19- 
23) ; 

( 4 )  Ogilvie Formation of Clough (1980)  and coeval Lower t o  Middle Devonian 
limestone i n  t h e  lower p a r t  of the  McCann H i l l  Chert, with t h e  Ogilvie Limestone 
of t h e  Dawson quadrangle (Cloughand Blodgett, 1984); 

1 +-1. -_  - .  

(5)  t h i c k  quar t z i t e -  and cher t - r ich  coarse c l a s t i c  rocks of t h e  Nation River 
Formation (Upper Devonian), with coeval pa r t s  of t h e  Earn Group, thought by Gordey 
and o the r s  (1987) t o  be derived from l o c a l  u p l i f t s  of lower Paleozoic quartzite::., 
and chert-bearing rocks within t h e  outer  p a r t  of t h e  Cordi l le ran  miogeocline, and 

i 
with t h e  Imperial Formation of northern Yukon Ter r i to ry  (Gordey and o the r s ,  1987); 

( 6 )  Ford Lake Shale (Upper Mississippian t o  Upper Devonian), with strata 
assigned t o  t h e  same u n i t  i n  c e n t r a l  Yukon Ter r i to ry  (Norris,  1984); 

(7) Cal ico  B l u f f  Formation (Lower ~ennsy lvan ian  and Upper ~ i s s i s s i p p i a n ) ,  
with t h e  Hart ~ i v e r  Formation (Bamber and Waterhouse, 1971) :  

( 8 )  Permian Tahkandit Limestone and Step Conglomerate, with t h e  Tahkandit 
Limestone and Jungle Creek Formation of c e n t r a l  Yukon Ter r i to ry  (Norris,  1 9 8 4 ) ;  
and 

19) Kandik Group (Lower Cretaceous) and upper par t  o f  t h e  Glenn Shale 
( J u r a s s i c ) ,  with coeval fore land basin deposi t s  of northern Yukon T e r r i t o r y  and 
t h e  nor th  slope of the Brooks Range (Young, 1973; Norris, 1984). 

Western Charley River area--The regional  c o r r e l a t i o n  and paleogeographic 
s ign i f i cance  of rocks i n  t h e  t e r ranes  proposed by S i l b e r l i n g  and Jones (1984) and 
Churkin and others (1982) f o r  t h e  western Charley River a rea  ( f ig .  5) a r e  less 
obvious. Churkin and o the r s  (1982) i n t e r p r e t e d  t h e  Woodchopper Canyon, Slaven 
Dome, and Circle t e r r a n e s  a s  oceanic fragments t h a t  were accre ted  t o  North 
America. Their  i n t e r p r e t a t i o n  was based on t h e  bas ina l  charac ter  of t h e  middle t o  
upper Paleozoic fine-grained s i l i c i c l a s t i c  rocks and cher t s ,  and on t h e  abundance 
of a s soc ia ted  magic volcanic and p lu ton ic  rocks. Al ternat ive ly ,  I suggest t h a t  
a l l  of these  rocks or ig ina ted  i n  r i f t s  o r  extens ional  bas ins  within t h e  ou te r  p a r t  
of t h e  middle t o  l a t e  Paleozoic Cordilleran miogeocline and were imbricated with 
coeval carbonate and c l a s t i c  s t r a t a  by t h r u s t i n g  within t h e  Charley River fo ld-  
and-thrust belt. 



The stratigraphic evidence supporting a North American intracontinental rift 
origin for the western Charley River terranes is that all of them, including those 
with oceanic-like rocks, contain units similar in lithology and age to units of 
North American miogeoclinal affinity in the eastern part of the Charley River area 
and in Yukon Territory. The Takoma Bluff terrane of Churkin and others ( 1 9 8 2 )  
contains poorly dated Late Proterozoic rocks similar to those in the upper part of 
the Tindir Group, and clastic rocks resembling the Upper Devonian Nation River 
Formation of the eastern Charley River sequence. Black carbonaceous to siliceous 
argillite and chert of late Paleozoic age in the Circle terrane of Churkin and 
others (1982) and the corresponding Tozitna terrane of Silberling and Jones (1984) 
are lithologically similar to parts of-the Ford Lake Shale (Upper Mississippian to 
Upper Devonian) and Calico Bluff Formation (Lower ~ennsylvanian and Upper 
~ississippian) of the eastern Charley ~ i v e r  area, and to fine-grarned parts of the 
Earn Group (Gordey and others, 1987). Additional correlations with rocks of 
central Yukon Territory suggested by Tempelman-Kluit (1984) are: (1) the 
Woodchopper Canyon terrane af Churkin and others (1982) with the Marmot Volcanics 
of Cecile (1982) in the Misty CreeK enbayment of Selwyn basin, and (2) chert- 
pebble conglomerate and associated clastic deposits of the Slaven Dome terrane of 
Churkin and others (1982) with the Upper Devonian Nation River Formation in the 
eastern Charley River fold-and-thrust belt, and with the Earn Group (Gordey andA,..*, 
others, 1987), Major differences in the amount of local downcutting by 
unconformities and the abruptness of facies variations characterizing parts of the 
eastern Charley River stratigraphic succession, combined with the lack of evidence 
for contractional deformation of pre-Mesozoic age, indicate that Late Proterozoic 
to Permian deposition was influenced by intermittently active pre-thrusting high- 
angle faults that controlled basin subsidence and block uplift of local source 
areas (Gordey and others, 1982 and 1987; Dover, in press). A Late Proterozoic and 
Paleozoic extensional environment like that envisioned for the Canadian Cordillera 
by Thompson and Eisbacher (19841, Thompson and others (1987), Gabrielse and Yorath 
(19871, and Struik (1907) would be expected to produce the kinds of contrasting 
rock sequences that are structurally juxtaposed in the "terranes" of the western 
Charley River area. Rocks with oceanic affinity are inferred to have formed in 
the most dilated of the extensional basins. 

The structural evidence against an accretionary origin for any of the 
terranes of the western Charley River area is that the style of the thrust faults 
that bound them, and the degree of internal deformation and shortening within 
them, are comparable to the style and intensity of deformation characterizing 
thrust-bounded sequences in the eastern part of the Charley River fold-and-thrust 
belt, where individual thrusts are interpreted to have displacements of 10 km or 
less. None of the western Charley River area thrusts, either individually or as a 
group, appear to be sutures in the the sense required by the accretionary model. 
Conversely, the existence of the Charley River fold-and-thrust belt provides a 
ready explanation for facies telescoping without invoking accretionaxy tectonics. 

Livensood area--As the geologic summary of the Livengood area illustrates 
(figs. 8 and 91, numerous lithologic similarities exist among the stratigraphic 
belts (and corresponding terranes designated by Silberling and Jones, 1984) 
recognized there. Six of the eleven stratigraphic belts have a basement composed 
of the Wickersham grit unit. These are the Wickersham, White Mountains, 
Livengood, Schwatka, and Crazy Mountains belts, and the Preacher block. At least 



f i v e  of t h e  s t r a t i g r a p h i c  belts contain chert-r ich,  l o c a l l y  derived polymictic 
conglomerates of probable middle t o  l a t e  Paleozoic age. These a r e  t h e  White 
~ o u n t a i n s ,  Beaver, Livengood, and Crazy Mountains b e l t s ,  and t h e  Minook t e r rane .  
~ a s a l t i c  volcanic and l o c a l l y  d i f f e r e n t i a t e d  mafic in t rus ive  rocks, thought t o  
represent  volcanic/plutonic centers  of a t  l e a s t  th ree  d i s t i n c t  ages, occur i n  
seve ra l  of t h e  s t r a t i g r a p h i c  b e l t s  of t h e  Livengood area .  The heterogeneous and 
mafic/ul tramafic u n i t  of t h e  Livengood s t r a t i g r a p h i c  b e l t  is i n t e r p r e t e d  a s  a Late 
proterozoic  t o  Cambrian mafic volcanic/plutonic center  comparable t o  those i n  
extens ional  in t r acon t inen ta l  North American s e t t i n g s  f a r t h e r  e a s t ,  such a s  t h e  
upper p a r t  of t h e  Tindir  Group and t h e  Mount Harper complex (see Roots, 1908).  
Another center ,  represented by t h e  F o s s i l  Creek Volcanics of Ordovician age i n  t h e  
White Mountains s t r a t i g r a p h i c  b e l t ,  probably cor re la t e s  with mafic volcanic rocks 
i n  u n i t  I1 of Thompson and Roots (1982) i n  the  Dawaon quadrangle, and with t h e  
more spa r se ly  volcanic Livengood Dome Chert i n  t h e  Livengood s t r a t i g r a p h i c  belt  
( f i g .  9 ) .  The t h i r d  mafic volcanic/plutonic center  cons i s t s  of the  volcanics o f  
probable Early t o  Middle Devoniaq age i n  t h e  Schwatka s t r a t i g r a p h i c  b e l t .  These 
most l i k e l y  c o r r e l a t e ,  a t  l e a s t  i n  @aft;' with the.Woodchopper Volcanics of t h e  
Charley River area .  

No t e c t o n i c  melange, relict accret ionary prism, o r  o the r  evidence of crust*, 
su tu r ing  is evident  i n  any of t h e  s t r a t i g r a p h i c  b e l t s  of t h e  Livengood a rea .  On 
t h e  contrary,  t h e  t h r u s t s  bounding these  b e l t s ,  and t h e i r  s t y l e s  of i n t e r n a l  
fo ld ing and imbrication, resemble fold-and-thrust b e l t  s t y l e s  i n  t h e  Charley River 
area  and adjacent  Yukon Terr i tory .  Moat of the  s t r a t i g r a p h i c  b e l t s  (and 
equivalent  " terranes")  of t h e  Livengood area seem best: i n t e r p r e t e d  a s  t h r u s t -  
bounded sequences of North American o r ig in ,  whose l i t h o l o g i c  d i f fe rences  r e su l t ed  
from f a c i e s  te lescoping of l imi ted  extent ,  analogous t o  t h a t  i n  t h e  Charley River 
fold-and-thrust b e l t .  The th rus ted  sequences were f u r t h e r  segmented and d ispersed  
by l a t e r  s t r i k e - s l i p  f a u l t i n g .  D u c t i l i t y  con t ras t s  and d i f fe rences  i n  metamorphic 
cha rac te r  between some s t r a t i g r a p h i c  b e l t s  may have.resulted from t h e  
juxtaposi t ion  of d i f f e r e n t  c r u s t a l  l e v e l s  by fold-and-thrust belt te lescoping and 
d i f f e r e n t i a l  u p l i f t  associa ted  with s t r i k e - s l i p  movement. 

Regional geologic ties betmen the Ray Mountains and Beaver areas, the 
southeastern Brooks Range, and adjacent areas.  

Metamorphic rocks--The p r o t o l i t h i c  model f o r  t h e  metasedimentary rocks and 
snetabasites i n  t h e  metamorphic s u i t e  of t h e  Ray Mountains ( f i g .  1 4 )  i n f e r s  
deposi t ion  and mafic i n t r u s i o n  i n  an in te rmi t t en t ly  extending, d i s t a l  p a r t  of a 
depos i t iona l  wedge l i k e  t h a t  cha rac te r i z ing  t h e  Late Proterozoic through middle 
Paleozoic Cordi l le ran  miogeocline. These rnetasedimentary rocks appear t o  be 
represen ta t ive  of t h e  Ruby t e r r a n e  of S i l b e r l i n g  and Jones (1984) as a whole. 
Gran i t i c  p lu tons  generated from con t inen ta l  c r u s t  were emplaced i n  t h e  sedimentary 
p r o t o l i t h  in Devonian time, p r i o r  t o  the culminating defonnational,  metamorphic, 
and p lu ton ic  events  i n  J u r a s s i c  t o  mid-Cretaceous time. 

The rocks of t h e  Ruby t e r r a n e  resemble those of t h e  s c h i s t  b e l t  of t h e  
southern Brooks Range (and i ts  t e r r a n e  equ iva len t s ) .  A d i r e c t  connection between 
the two has long been suspected but  not proved (Patton and o thers ,  1987). Rocks 
of t h e  s c h i s t  belt described by Dil lon and o thers  (1980, 1985, 19861, Nelson and 
Grybeck (1980), Karl and Long (19871, Gottschalk (19871, and T i l l  and o the r s  



(1987) resemble those in the metamorphic suite of the Ray ~ountains in lithic 
content, protolith, fabric and structural sequence, and the occurrence of Upper 
Devonian to Lower ~ississippian augen orthogneiss. An older episode of 
Precambrian metamorphism is recognized locally in the western Brooks Range (Turner 
and others, 1979); probable Precambrian metamorphic rocks also occur locally in 
the Ruby terrane southwest of the Ray Mountains (Silberman and others, 1979b). 
The Ruby terrane and schiat belt differ in that the part of the Ruby terrane north 
of the Kaltag fault has a vastly greater volume of mid-Cretaceous granitic rocks 
then the schist belt, where Cretaceous plutonism has not been demonstrated 
(Miller, in press); Cretaceous plutonism is also relatively sparse in the Ruby 
terrane south of the Kaltag fault. 

All of the lithic components of the Ray Mountains metamorphi6 suite also have 
close counterparts within the Yukon-Tanana upland (fig. 19; Foster and others, 
1987, and this volume). Comparable blastomylonitic fabrics, deformarional style 
and sequence, and paragenetic relations of polymetamorphic mineral -assemblages 
have been described in the Yukon-Taham*upland by'laird and Foster (19841, Cushing 
(19841, Cushing and Foster (19841, Cushing and others (1982), DuseL-Bacon and 
Foster (1983), and Foster and others (1987, and this volume) . Middle Devonian to 
Early Mississippian augen orthogneiss (Dusel-Bacon and Aleinikoff, 1985) and mitip, 
Cretaceous granitic rocks of the Yukon-Tanana upland are indistinguishable from' 
those in the Ray Mountains. Some siliciclastic rocks of the Yukon-Tanana upland 
that are as young as Permian and contain mafic/ultramafic rocks (fig. 19) have no 
recognized counterparts in the metamorphic suite of the Ray Mountains, but less 
metamozphosed lithologic equivalents of that age occur in the Rampart assemblage. 

Devonian metaclastic sequence--The variably metamorphosed Devonian clastic 
rocks along the southeast side of the Ruby geanticline represent a particularly 
important tie between the Ray Mountains area and parts of the southeastern Brooks 
Range in the Beaver and possibly the Coleen areas. These typically mylonitic to 
semi-schistose Devonian metaclastic rocks were originally correlated by Brosgd and 
Reiser (1962, 1 9 6 4 )  throughout the area that is now subdivided into the Venetie, 
Coldfoot, and Hamond subterranes by Silberling and Jones (1984). The lithologic 
grounds for the original correlations are still valid, and metamorphic variations 
within the metaclastic unit are gradational in most places, and cross subterrane 
boundaries. Furthemtare, the metaclastic sequence contains all the lithic 
components, including quartz- and chert-rich conglomerates and black argillaceous 
rocks, that characterize the middle Paleozoic part of the Brooks Range sequence in 
the Endicott Mountains subterrane of Silberling and Jones (19841,  which contains 
the Upper Devonian Hunt Fork Shale, Upper Devonian and Lover ~ississippian(?) 
Kanayut Conglomerate, Lower Mississippian Kekiktuk Conglomerate, and Mississippian 
Kayak Shale. The lithologically similar Earn Croup of the northern Canadian 
Cordillera has a range of Devonian to Mississippian age encompassing that of the 
Devonian metaclastic sequence, as well as that of the Nation River Formation and 
the Cascaden Ridge unit in several sequences and terranes of the Charley River and 
Livengood areas. All of these clastic rocks can be considered as parts of a 
regionally developed but locally variable sequence of Devonian clastic rocks that 
overlapped the outer part of the Cordilleran miogeocline as it undezwent 
intennittent fault-controlled basin subsidence and block uplift (Gordey and 
others, 1987) . 



Figure 19. Comparison and correlation of stratigraphic sections of the Ruby geanticline and 
Yukon-Tanana upland with central Yukon Territory. MDg, Mississipkian to Devonian augen 
orthogneiss. 



If the semi-schistose clastic rocks of the Coleen area are indeed Devonian, 
then the stratigraphic similarities between the Brooks Range and Strangle Woman 
River sequences (and the equivalent terranes of Silberling and Jones, 1 9 8 4 )  are 
compelling, and their differences can be attributed to minor facies variations and 
unconfomities, just as comparable differences have been explained in the east-  
central Alaska region. The likelihood that' the Sheenjek terrane of Silberling and 
Jones (1984) represents lithologic interfingering between basinal sediments of the 
rnafic-rich Christian River sequence and a basinal facies of Lisburne limestone 
(Mississippian and Pennsylvanian) of the Brooks Range sequence bears on the origin 
of the Tozitna terrane, discussed below. 

Other correlations involvinq units of the Coleen area--The Porcupine River 
sequence differs stratigraphically from the Christian River, BrooKs Range, and 
Strangle Woman Creek sequences in some important ways, but it does not appear to 
be separated from them by a major structural discontinuity. Its boundary is 
irregular, and available mapping-.reveals no single through-going structural zone, 
such as the hypothetical "porcupine li%Samentm (Churkin and Trexler, 1980, 19811, 
separating it from the others. The "Kaltag" fault of adjacent Yukon Territory 
(Norris, 1984) projects into the Porcupine sequence, and is not a bounding mega- 
structure along its north edge. Significantly, semi-schistose clastic rocks likq, 
those elsewhere in the Coleen area appear to overlie the lower Paleozoic carbonate 

, section of the Porcupine sequence. If so, and if all of these clastic rocks are 
Devonian, then lower Paleozoic platform carbonates equivalent to those of the 
Porcupine sequence could be present in the subsurface under the clastic unit in 
the other sequences of the Coleen area. 

Heterogeneous volcanic-bearing Devonian rocks in the Brooks Range sequence of 
the Coleen area appear to have lithologic equivalents in volcanic-bearing parts of 
the schist belt farther west, in the southern Wiseman and Chandalar quadrangles 
(Dillon and others, 1986; Brosga and Reiser, 1964). These not only reaemble rocks 
of the Ambler sequence of the southwestern Brooks Range, for which a rift origin 
is inferred (Hitzman and others, 1982 and 1986), but also have lithologic 
counterparts farther north in the Brooks Range (Dutro and others, 1977), in the 
Woodchopper Volcanics and the Schwatka belt of the Charley River and Livengood 
areas, and in parts of the northern Cordilleran miogeocline in southern Yukon 
Territory (Mortenaen and Godwin, 19821. The age and character of sediment-hosted 
volcanogenic mineral deposits in rift-controlled sequences of the the Ambler 
district of the southwestern Brooks F€ange are also similar to deposits in 
comparable settings of - the  Selwyn basin in southern Yukon Territory (Einaudi and 
Hitzman, 1986). 

Skajit carbonate rocks in the southern Brooks Range contain a few fossils, 
mainly of Devonian age, but rocks mapped as the Skajit Limestone locally contain 
fossils as old a3 Middle Ordovician (Nelson and Grybeck, 1980; Tom Dutro, written 
comun., 1987). The thickness and distribution of the Skajit along the 600 km 
length of the southern Brooks Range suggest that it formed a regionally extensive 
but relatively narrow carbonate platform. Tectonic and erosional remnants of at 
least partly coeval and biostratigraphically similar carbonate platforms are 
represented in east-central Alaska by the Porcupine platform of the Coleen area, 
the Tatonduk sequence of the Charley River area, and the Nixon Fork platform 
(Blodgekt, 1983) in southwestern Alaska. The Cassiar platform (Tempelman-Kluit, 



1977) in southern Yukon Territory is analogous. Biostratigraphic similarities 
demonstrate the close paleogeographic ties among most of these terranes, and with 
the North American miogeocline (Blodgett, 1983; Savage and others, 1985). 
Furthermore, some much thinner Lower to Middle Devonian carbonate and calcareous 
shale horizons containing similar faunas occur within more heterogeneous, clastic 
to volcanic-bearing, probably rift-controlled assemblages of east-central Alaska, 
suggesting that the platform carbonates may have interfingered with the rift 
assemblages (Brosgg and others, 1979). The best examples are the Cascaden Ridge 
unit and the Schwatka sequence of the Livengood area, and the Woodchopper 
Volcanics of the Charley River area (Lane and Ormiston, 1976; Blodgett, 1987). 

The Mississippian Kekiktuk Conglomerate lies in regional unconformity on 
Devonian and older rocks. The unconformity is profoundly angular in some places, 
and a discontinuity elsewhere, suggesting an environment of localized Devonian and 
Mississippian tectonism comparable to that interpreted for the Earn Group in 
central Yukon Territory (Gordey and others, 1982, 1987). The Kekiktuk and the 
Kayak Shale are included within the' Efi'd'f'cott Group, which is mapped within the 
northern Yukon extension of the the Cordilleran fold-and-thrust belt. 

Skeletal, rnicritic, and cherty limestone and dolomite of Lisburne age and ,+, 
character continue southeastward into the northern Yukon segment o f  the 
Cordilleran fold-and-thrust belt, where they are mapped as the Hart River and 

4 
Ettrain Formations (Norris, 1 9 8 4 ) .  Correlation of the Lisburne Group with the 
Hart River and Ettrain Formations would imply that late Paleozoic depositional 
environments were similar if not continuous between the eastern Brooks Range and 
the northern Cordilleran miogeocline. Subtle unconformities within the Lisburne 
have been related by Schoennagel (1977) to unconformities recording Antler 
orogenic pulses in the western United States. 

Pennian clastic lithologies of the Siksikpuk Formation and Sadlerochit Group 
resemble those of the Step Conglomerate and Tahkandit Limestone of the Charley 
River area, and the Jungle Creek Formation of northern Yukon Territory (Norris, 
1 9 8 4 ) .  The Triassic Shublik Formation is similar in lithology, age, and petroleum 
source bed potential to the lower part of the Glenn Shale in the Charley River 
region tD. Morgridge, oral conmrun., 1987) . 

Orig in  of the Tozitna terrane. Mississippian to Triassic (or Jurassic) 
argillite, chert, and other sedimentary rocks in the Tozitna terrane of Silberling 
and Jones (1984) differ both in their basinal character and in their association 
with voluminous mafic igneous rocks from most of the coeval sequences in adjacent 
terranes of east-central Alaska (fig. 20). Two fundamentally different 
interpretations have been proposed for the origin of the Tozitna terrane. 

One interpretation is that the Tozitna originated as oceanic crust beyond the 
North American depositional margin, and was then transported and obducted onto its 
present substrate (Churkin and others, 1982; Patton and others, 1977; Coney, 1983; 
Coney and Jones, 1985) .  Opinions differ as to the direction of transport and the 
location of the root zone. Patton and others (1977) suggest that the terrane 
originated in the Koyukuk basin (fig. 20)  and was transported aouthsastward from a 
root zone now represented by the dismembered Kanuti ophiolite. Coney (1983) and 
Coney and Jones (1985) suggest an origin from south of the Yukon-Tanana upland 





( f i g .  2 0 )  i n v o l v i n g  g e n e r a l l y  northward t r a n s p o r t .  I n  e i t h e r  c a s e ,  t h i s  
a c c r e t i o n a r y  model r e q u i r e s  hundreds of  k i l o m e t e r s  of semi-coherent  u n i d i r e c t i o n a l  
t e c t o n i c  t r a n s p o r t  o f  a  r e l a t i v e l y  t h i n  and r e g i o n a l l y  e x t e n s i v e  s h e e t  a c r o s s  
c o n t i n e n t a l  c r u s t .  

The o t h e r  i n t e r p r e t a t i o n  i s  t h a t  t h e  Toz i tna  t e r r a n e  o r i g i n a t e d  l o c a l l y  a s  a 
pa rau toch thonous  i n t r a c r a t o n i c  r i f t  assemblage i n  which o c e a n i c  c r u s t  was 
g e n e r a t e d  (Gemuts and o t h e r s ,  1 9 8 3 ) .  I n  t h i s  pa rau toch thonous  r i f t  
i n t e r p r e t a t i o n ,  c o l l a p s e  of  t h e  r i f t  sequence and f a c i e s - t e l e s c o p i n g  a t  i t s  
margins  d u r i n g  subsequent  Mesozoic convergence produced d u c t i l e l y  s h e a r e d ,  
b e d d i n g - c o n t r o l l e d  detachments  and c o n v e n t i o n a l  f o l d - a n d - t h r u s t  b e l t  s t r u c t u r e s  
t h a t  r e q u i r e  much s m a l l e r  d i s t a n c e s  of t r a n s p o r t  t h a n  does  t h e  a c c r e t i o n a r y  model. 

Geophysical  d a t a  f o r  t h e  Toz i tna  t e r r a n e  d i s c u s s e d  by Cady (1987) a r e  n o t  
d i a g n o s t i c  f o r  e i t h e r  of  t h e s e  models, and paleomagnet ic  e v i d e n c e  b e a r i n g  on t h e  
o r i g i n  and amount of t e c t o n i c  t r a n s p o r t  of t h e  T o z i t n a  t e r r a n e  is  s p a r s e  and 
i n c o n c l u s i v e  because  of  a l t e r a t i o n ,  r e g i o n a l  r e h e a t i n g ,  and complex s t r u c t u r a l  
r e l a t i o n s .  

The T o z i t n a  problem i s  n o t  a p r o v i n c i a l  one un ique  t o  e a s t - c e n t r a l  Alask,&, 
b u t  i s  i n t e r r e g i o n a l  i n  scope .  Rock sequences  s i m i l a r  i n  l i t h i c  c o n t e n t ,  range of 
age ,  and d e f o r m a t i o n a l  c h a r a c t e r  t o  t h e  Toz i tna  t e r r a n e  a r e  r e c o g n i z e d  t h e  l e n g t h  
of  t h e  C o r d i l l e r a n  orogen from Alaska t o  Nevada. Those sequences  i n  e a s t - c e n t r a l  
Alaska and t h e  n o r t h e r n  Canadian C o r d i l l e r a  f o r  which a c c r e t i o n a r y  o r i g i n s  have 
p r e v i o u s l y  been s u g g e s t e d  a r e  t h e  Seventymile  ( F o s t e r  and o t h e r s ,  i n  p r e s s ) ;  t h e  
S y l v e s t e r ,  Nina Creek,  and S l i d e  Mountain (Monger, 1 9 7 7 ) ;  and t h e  A n v i l  
a l l o c h t h o n s  (Tempelman-Kluit, 1979 and 1 9 8 4 ;  Eordey, 1 9 8 1 ) .  The e q u i v a l e n c e  of  
t h e s e  sequences  emphasizes  t h e  v a s t  e x t e n t  and c o n t i n u i t y  on an i n t e r r e g i o n a l  
s c a l e  of  t h e  t r a n s p o r t e d  s h e e t  t h a t  would be r e q u i r e d  by any model of  o b d u c t i v e  
a c c r e t i o n ,  and compounds t h e  mechanical  d i f f i c u l t y  of  t r a n s p o r t i n g  more o r  less 
c o h e r e n t l y  s o  e x t e n s i v e  a  s h e e t  a c r o s s  hundreds of k i l o m e t e r s  of  c o n t i n e n t a l  
c r u s t .  

Aside from t h e  mechan ica l  problem p r e s e n t e d  by such  l a r g e - s c a l e  abduction, 
t h e  g e o l o g i c  framework of  e a s t - c e n t r a l  Alaska,  a s  summarized i n  t h i s  r e p o r t ,  best 
s u p p o r t s  t h e  c o l l a p s e d  i n t r a c r a t o n i c  r i f t  model t o  e x p l a i n  t h e  o r i g i n  of  t h e  
T o z i t n a  t e r r a n e .  Evidence l e a d i n g  t o  t h i s  i n t e r p r e t a t i o n  is:  

(1) The i n t e r r e g i o n a l  o c c u r r e n c e  of T o z i t n a  rocks  no o l d e r  t h a n  E a r l y  
M i s s i s s i p p i a n  t o  l a t e s t  Devonian on a s u b s t r a t e  no younger t h a n  L a t e  Devonian. 
Although t h e  r o c k s  o f  t h e  T o z i t n a  t e r r a n e  and i t s  s u b s t r a t e  a r e  t y p i c a l l y  
i m b r i c a t e d  w i t h  one a n o t h e r  n e a r  t h e i r  c o n t a c t ,  t h e  i n t e r r e g i o n a l  e x t e n t  and 
c o n s i s t e n c y  o f  t h e  s t r a t i g r a p h i c  s t a c k i n g  o r d e r  o f ' t h e  T o z i t n a  and i t s  s u b s t r a t e  
i s  d i f f i c u l t  t o  r e c o n c i l e  w i t h  any model of f a r - t r a v e l e d  a c c r e t i o n ,  and a r g u e s  
s t r o n g l y  f o r  a n  o r i g i n a l l y  d e p o s i t i o n a l  c o n t a c t  between t h e  two (see Monger and 
ROSS, 1979). 

( 2 )  I n c o n s i s t e n c i e s  i n  t h e  d i r e c t i o n  of t e c t o n i c  t r a n s p o r t  i n d i c a t e d  by s h e a r  
f a b r i c s  i n  rnyloni tes  a t  t h e  b a s e  of  t h e  T o z i t n a  t e r r a n e  t h a t  a r e  d i f f i c u l t  t o  
r e c o n c i l e  w i t h  u n i d i r e c t i o n a l  a l l o e h t h o n o u s  t r a n s p o r t  of  t h e  magnitude r e q u i r e d  
(Miyaoka and Dover, i n  p r e s s ) .  P r e l i m i n a r y  f a b r i c  s t u d i e s  i n  t h e  Ray Mountains 



and southern Tanana quadrangle suggest movement generally upward and outward over 
crystalline terranes lying outboard from the Tozitna terrane (fig.20). 

(3) Local stratigraphic ties between the Tozitna terrane and adjacent or 
underlying rock sequences. Possible stratigraphic interfingering is present in 
the Christian River sequence of the Coleen area, in the Yukon-Tozitna Rivers part 
of the Ray Mountains area, and in the western Charley River area. The 
interfingering is analogous to that already proposed between platform and rift- 
controlled sequences of the outer Cordilleran miogeocline that were active 
intermittently from Late Proterozoic through Paleozoic time. 

(4) similarities in mafic igneous associations with other suspected rift- 
sequences in the outer part of the Cordilleran miogeocline. The petrologic 
similarities of all of these occurrences suggest similar modes of origin. The 
volcanic rocks of Late Proterozoic to Early Cambrian(?) age in the upper part of 
the Tindir Group, the Devofiian Woodchopper Volcanics, and the ~ozitna terrane are 

d- . . 
lithologically indistinguishable f ;om thed'Ordovician. Fossil Creek Volcanics 
(Wheeler-Crowder and others, 1987), and from those in the Mount Harper complex 
(Roots, 1988), whose highly alkalic tholeitic composition suggests an extensional, 
continental rift origin . The abundance of intrusive rocks in the Tozitna t e r r w  
may be a function of the degree of basin opening and tensional spreading (see 

, Struik, 1987). Occurrences of mafic intrusive rocks resembling those of the 
Tozitna terrane are also mapped locally in adjacent rock sequences within the Ray 
Mountains, Beaver, and Coleen areas, suggesting that the mafic rocks are not 
"rootless" within a gigantic Tozitna allochthon, but also penetrated its substrate 
near the Tozitna basin margins (see Monger and Price, 1979). 

( 5 )  The possible North American affinity of faunas. The paleogeographic 
affinities of radiolarians and the sparse conodont and shelly faunas 
characterizing the Tozitna terrane are not well known. However, in the northern 
Canadian Cordillera, terranes analogous to the Tozitna in lithic content and 
geologic setting contain a fusulinid assemblage comparable to that in the 
southwestern United States (Monger and Ross, 1971: Struik, 1981). This suggests 
fragmentation and dispersion of North American rocks by major strike-slip, but not 
an origin external to North America. 

In combination, these factors lead me to the conclusion that the Tozitna 
terrane does not require a far-traveled, exotic, accretionary origin. On the 
contrary, the interregional continuity, consistency, and relative simplicity of 
the paleogeographic and paleotectonic framework inherent in the intracratonic rift 
model supports the conclusion that the Tozitna terrane represents the culmination 
of an extensional rift- or basin-forming process that operated intermittently from 
Proterozoic to early Mesozoic time within the outer part of the Cordilleran 
miogeocline. Struik (1987) reached the same conclusion for the equivalent 
terranes of the northern Canadian Cordillera. 

I conclude that all the terranes of east-central Alaska, including the 
Tozitna terrane, are fragments of North American continental crust and 
intracontinental basins that were telescoped and dispersed by classical non- 
accretionary processes. Plate convergence is inferred to have been concentrated 
at the outboard edge of the Brooks Range-Ruby-Yukon/Tanana crystalline belt (fig. 



201, which most likely represents the outer limit of North American continental 
crust, and the inboard limit of terrane accretion. 

Mesoroie flyscb sequence. The Lower Cretaceous Kandik Group, Upper Jurassic 
and Lower Cretaceous Wilbur Creek unit, and upper part of the Glenn Shale in the 
southern part of the east-central Alaska region, and laterally equivalent rocks 
preserved locally in central Yukon Territory, all form part of a foreland 
depositional basin that can be traced continuously through northern Yukon 
Territory (fig. 20) to the Blow trough north of the Brooks Range (Dixon, 1986; 
Young, 1973). The basin evolved from a shallow epicontinental marine basin to a 
deeper flysch trough. The continuity of the foreland basin and the similarity of 
its detritus on an interregional scale seem to preclude the possibility of diverse 
origins for local segments of the flysch sequence. The flysch was derived 
primarily from uplifted, orogenically active source areas containing mainly 
crystalline rocks and variably metamorphosed distal deposits of the Paleozoic 
Cordilleran miogeocline. The source areas were located outboard of the 
epicontinental basin, in what are now'2Ke'hinterland portions of the northern 
Cordilleran and Brooks Range fold-and-thrust belts, and in the southern Brooks 
Range, Ruby, Yukon-Tanana, and Yukon crystalline terranes. 

t:** 

Crystalline terranes of interior Alaska--continental arc origin 

The similarities in protoliths, structural and metamorphic histories, and 
granitic plutonism that lead to the correlation of the crystalline terranes of 
interior Alaska with one another, together with their regional distribution and 
relations to major tectonic features, suggest that all these terranes originally 
comprised a more continuous crystalline belt that was tectonically segmented into 
the southern Brooks Range, Ruby, and Yukon-Tanana crustal blocks (fig. 2 0 ) .  The 
crystalline belt is here interpreted to be a continental or Andean-type arc that 
formed along the outermost part of the Cordilleran miogeocline (Burchfiel and 
others, 1987). The arc underwent crustally contaminated granitic plutonism in 
mid-Paleozoic time (Dusel-Bacon and Aleinikoff, 1985), possibly generated in an 
ancestral continental arc- or aborted arc-fodng event (Smith and Rubin, 1987). 
However, the mid-Paleozoic effects are largely masked by far more intense and 
widespread tectonic, metamorphic, and igneous arc-forming processes resulting from 
plate convergence in Jurassic to mid-Cretaceous time. 

The stratigraphic framework on which the proposed Mesozoic arc was built 
included: (1) quartz-rich, continentally derived gritty sediments of Late 
Proterozoic and Early Cambrian age similar to those of the Windermere Supergroup 
in Yukon Territory, through which older Precambrian blocks interpreted to be 
rifted fragments of the North American craton are locally preserved; (2 )  
dominantly argillaceous distal deposits of the intermittently extending early and 
middle Paleozoic Cordilleran miogeocline, in which mafic intrusive materials and 
diverse sedhwntary facies as well as some regionally important carbonate platform 
deposits had rift-controlled distributions; (3) quartz- and chert-rich 
conglomerates and related elastic deposits, with locally interfingering mafic 
igneous and carbonate buildups, derived mainly from locally active block uplifts 
during Devonian and Early Mississippian time; and (4) upper Paleozoic and lower 
Mesozoic rocks of the Tozitna terrane. As interpreted here, the Tozitna terrane 



developed mainly in a broad and regionally subsiding basin inboard of the axis of 
later Mesozoic arc development (fig. 20), but Tozitna deposition may have 
overlapped the future site of the arc, as well, possibly in smaller fault- 
controlled basins like those influencing earlier deposition. The position Of the 
main Tozitna basin inboard from the axis of the Devonian and Mississippian arc 
also suggests an origin as an intracontinental backarc basin (see Monger and 
Price, 1979). 

A Canadian counterpart of the Alaska segment of the continental arc is the 
Yukon crystalline terrane of southern Yukon Territory, for which a displaced North 
American origin is suspected (Mortensen and Jilson, 1985; LeCouteur and Tempelman- 
Kluit, 1976; Gabrielse, 1985) . 

Distribution and significance of fold-and-thrust belts 
r 

% 

Recognition of the Charley ~iver-"fold-and-thrust belt, and of a displaced 
segment of it in the Livengood area, provides a critical link in Alaska between 
the fold-and-thrust belts of the northern Canadian Cordillera and the eastern 
Brooks Range (fig. 20). This regionally continuous belt, as represented on t'* 4 

numerous regional geologic and tectonic maps (King, 1969; Norris, 1984), forms the 
Alaskan a m  of the bifurcated foreland fold-and-thrust belt described by Norris 
(1987). The most prominent aspect of the belt is its 2-shaped configuration, 
consisting of a broad salient in northern Yukon Territory (called the Old Crow 
salient on fig. 20) and a much tighter recess in the Charley River area (called 
the Charley River recess on figure 20). Equally striking is the systematic change 
in direction of tectonic transport around the "bends" of the fold-and-thrust belt 
so as to maintain a consistent "inboard" or forelandward direction of transport, 
toward the North American craton, or in the case of the Brooks Range, toward an 
inferred former position of the craton (fig. 20). 

In east-central Alaska, dateable fold-and-thrust belt deformation is 
bracketed between the Albian age of the youngest rocks involved and the 
Masstrichtian(?) age of the oldest unconformably overlapping rocks, and is 
therefore restricted to a relatively short span of about 20 m.y. in the mid- 
Cretaceous. If earlier compression occurred, its deformational effects cannot be 
identified from data currently available. However, flysch deposits of the Upper 
part of the Glenn Shale and the Kandik Group, and their correlatives along the 
length of the fold-and-thrust belt, record uplift presumably associated with 
orogenesis in the more outboard or hinterland crystalline parts of the orogen in 
Jurassic and Early Cretaceous time. Farther east, toward the foreland, the Upper 
Cretaceous Eagle Plain Formation is involved in minor thrusting and broad folding, 
indicating that contractional deformation there is either younger or lasted longer 
than in the Charley River fold-and-thrust belt. Moreover, major folds of the 
Eagle Plain Formation are truncated by high-angle faults that bound the southern 
part of the Old Crow salient of the fold-and-thrust belt (fig. 20). If, as map 
patterns suggest, these faults merge with fold-and-thrust belt structures within 
the salient (Norris, 19841, then at least some thrust faults within that part of 
the salient must have had post-Late Cretaceous movement. 



Jurassic to Lower Cretaceous foredeep deposits record the earlier pulses of 
uplift and orogeny in the Brooks Range, but major thrusting (Brookian) in the 
central Brooks Range also occurred in the mid-Cretaceous (Tailleur and BrosgB, 
1970). Progressively younger thrusting occurred northward toward the foothills 
and the Arctic slope, where Tertiary thrusting predominates and compressive 
stresses remain active today (Kelley and Foland, 1987; Grantz and others, 1987). 
In the southeastern Brooks Range, several bundles of imbricate thrust faults 
appear to merge to the southeast with lineaments splaying northeastward from the 
Kobuk-Malamute fault zone (fig. 2 0 ) ,  suggesting that the thrust bundles are 
structures on which the predominantly right-slip motion of the lineaments is 
accormnodated by imbricate thrusting. If, as map patterns suggest, the major 
strike-slip movement on the Kobuk-Malamute system post-dates the main pulse of 
mid-Cretaceous Brookian thrusting, then concurrent movement on the  imbricate 
thrust bundles of the southeastern Brooks Range would be of comparable late- to 
post-Brookian age. .. 

< 

Besides strengthening the stru'ct'ika'l.'link between the northern Cordilleran 
and Brooks Range orogens, recognition of the classical fold-and-thrust belt 
framework of much of the east-central Alaska region demonstrates a far greater 
degree of disruption of already complex stratigraphic patterns by typical fold- +., 
and-thrust belt processes than was previously suspected. ~elescoping on 
conventional fold-and-thrust belt structures of small to moderate displacement 
provides a reasonable explanation for the juxtaposition of apparently disparate 
rock facies and sequences in east-central Alaska. 

Major strike-slip fault systems--pattern, timing, significance, and restoration of 
offset 

The two principal strike-slip fault systems of the east-central Alaska region 
are the Tintina and Kobuk-Malamute systems (fig. 20). The continuity of the 
Tintina fault zone with its two main splays, the Kaltag-Victoria Creek and Tozitna 
faults, and the case for right-lateral separation in Alaska comparable to the 450 
km recognized in central Yukon Territory, were discussed in the summary of the 
Livengood area. 

There is no general agreement on the amount, timing, or even the existence of 
significant right-slip on the Kobuk-Malamute fault zone [Grantz, 1966). However, 
it follows a major aeromagnetic lineament (Cady, 1978) and is considered here to 
have produced at least 50 to 75 km of apparent right-separation of the Tozitna 
terrane and underlying rock sequences in the Beaver area. It cuts Upper 
Cretaceous conglomerate (Patton and Miller, 1973) derived from post-Brookian 
uplift of the Ruby-Hodzana upland and the Brooks Range, and appears to laterally 
displace the east contact of the mid-Cretaceous Hodzana pluton (BrosgG and others, 
1973). The possible genetic relation between the Kobuk-Malamute fault zone and 
imbricate thrust bundles in the eastern Brooks Range is based on the 
interpretation of prominent topographic Lineaments and high-angle faults mapped 
discontinuously on published maps as predominently right-slip splays of the Kobuk- 
Malamute system. 



Other presumably f rac tu re -  o r  faul t -cont ro l led  lineaments of t h e  eas t -cen t ra l  
Alaska region may a l s o  have a s ign i f i can t  s t r i k e - s l i p  component, judging from the 

ex ten t  of t h e i r  l i n e a r  o r  cu rv i l inea r  topographic expression. Lineaments with 
lengths  of 150 km o r  more cross  the  Ruby gean t i c l ine  and the  Koyukuk basin margin 
(figs, 12  and 2 0 ) .  Though poorly documented and not sys temat ica l ly  s tudied,  these 
f e a t u r e s  l o c a l l y  coincide with mapped high-angle f a u l t s  and t h e  contac ts  of some 
l a r g e  east-west-trending g r a n i t i c  plutons of mid-Cretaceous age. 

Northeast-trending high-angle f a u l t s  of comparable length a r e  mapped i n  
northern Yukon Ter r i to ry  near t h e  south margin of the  Old Crow s a l i e n t  of t h e  
northern Cordi l le ran  fold-and-thrust b e l t  ( f i g .  2 0 ) .  A major component of r igh t -  
l a t e r a l  s t r i k e - s l i p  has been in fe r red  f o r  these  f a u l t s  by Norris  (1972a), but  
where they a r e  i n f e r r e d  t o  cross  t h e  Old Crow s a l i e n t  and t o  c u t  and d i s r u p t  fold- 
and-thrust b e l t  s t ruc tu res ,  none of them, including t h e  "Kaltag" ~ a u l t  (Norris,  
1984), displaces fold-and-thrust belt s t ruc tu res  l a t e r a l l y  t o  any s i g n i f i c a n t  
degree. Af ter  c ross ing t h e  Old Crow s a l i e n t  of the  Cordi l le ran  fold-and-thrust 
b e l t ,  some of t h e  northeast-trending f a u l t s  swing northward and merge with north- 
south-trending extens ional  f a u l t s  (No'f3i's;-1984) and(or)  t h r u s t  f a u l t s  (Lane, 
1988) of t h e  Rapid depression. The l imi ted  and discontinuous extent of exposure 
i n  t h e  c r i t i c a l  a rea  of s t r u c t u r a l  in t e r sec t ion ,  combined with t h e  s i n u o s i t y  of 
some f a u l t s  within t h e  northeast- trending system, a l s o  seem t o  allow f o r  t h e  .,.+, 
i n t e r p r e t a t i o n  t h a t  a t  l e a s t  some of the  northeast-trending f a u l t s  merge with 
fold-and-thrust b e l t  s t r u c t u r e s  of t h e  Old Crow s a l i e n t .  If so, these  could be 
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add i t iona l  examples of r i g h t - l a t e r a l  slip transformed i n t o  t h r u s t i n g  within t h e  
Old Crow s a l i e n t ,  like t h a t  i n f e r r e d  f o r  the  eas te rn  Brooks Range. 

The northeast- trending f a u l t s  of northern Yukon Ter r i to ry  do not 
s i g n i f i c a n t l y  d i sp lace  middle t o  l a t e  Mesozoic s t r a t i g r a p h i c  and s t r u c t u r a l  b e l t s  
of t h e  O l d  Crow s a l i e n t ,  and ava i l ab le  da ta  ind ica te  t h a t  they do not mark any 
fundamental pre-Cretaceous s t r a t i g r a p h i c  boundaries. Although they may have 
influenced pre-Cretaceous deposi t ion t o  some extent ,  examples of apparent 
s t r a t i g r a p h i c  con t inu i ty  across  t h e  zone of northeast- trending f a u l t s  were 
summarized above f o r  t h e  Coleen area  and northern Yukon Ter r i to ry .  These i n d i c a t e  
a t  l e a s t  i n t e r m i t t e n t  s t r a t i g r a p h i c  cont inui ty  across t h i s  zone of f a u l t s .  
Furthermore, t h e r e  i s  no geological ,  geophysical, o r  physiographic evidence t o  
suggest t h a t  any of t h e  northeast- trending f a u l t s  i n  northern Yukon T e r r i t o r y  is a 
major through-going f e a t u r e  connected across t h e  Yukons F l a t  basin with t h e  
s t r i k e - s l i p  f a u l t s  of t h e  Livengood o r  Ray Mountains a reas  ( f i g .  20). A 
connection between t he  "Kaltag" f a u l t  of northern Yukon T e r r i t o r y  (Norris,  1984;  
Norris  and Yorath, 1981, p.85-7) and t h e  Kaltag f a u l t  of west-central Alaska 
(Patton and Hoare, 1968) is  denied not only by i t s  lack  of expression i n  t h e  
Coleen a rea  and by the  l ack  of support ing evidence across t h e  in tervening Yukon 
F l a t s  basin, bu t  a l s o  by t h e  mapped connection between t h e  Kaltag f a u l t  and t h e  
Tint ina  f a u l t  s y ~ t e r n  i n  t h e  Livengood area .  The "Kaltag" f a u l t  of Yukon Ter r i to ry  
appears t o  be of no more individual  importance than severa l  o the r  f a u l t s  within 
t h e  southern par t  of t h e  O l d  Crow s a l i e n t .  Based on a l l  t h e  foregoing l o c a l  and 
regional  map i n t e r p r e t a t i o n s ,  no major, through-going "Porcupine lineament1' 
(Churkin and Trexler ,  1980, 19811, "Kaltag" megashear, o r  o the r  fundamental 
d i scon t inu i ty  requi red  by various megatectonic models ( f o r  example, see Nilson, 
1981, and Jones, 1982) is recognized i n  eas t -cent ra l  Alaska. 



Paleogeographic and paleotectonic reconstruct ion of t h e  complex s t r a t i g r a p h i c  
and s t r u c t u r a l  framework of eas t -cen t ra l  Alaska f i r s t  requi res  t h e  r e s t o r a t i o n  of 
movement on t h e  major s t r i k e - s l i p  f a u l t  systems. A l l  of t h e  s t r i k e - s l i p  motion 
documented o r  i n t e r p r e t e d  on these  systems i n  eas t -cen t ra l  Alaska i s  r igh t -  
l a t e r a l .  Restorat ion of t h e  450 km of r ight-separat ion i n f e r r e d  f o r  t h e  Tint ina  
f a u l t  system i n  t h e  Livengood, Charley River, and Dawson areas  is  i l l u s t r a t e d  i n  
f i g u r e  1 0 .  Motion on t h e  Kobuk-Malamute system and i ts  poss ib le  sp lays  i n  t h e  O l d  
Crow s a l i e n t  i s  more conjec tura l ,  but  a  maximum of about 1 0 0  km of r i g h t -  
separa t ion  seems reasonable and is a r b i t r a r i l y  used here f o r  p a l i n s p a s t i c  
r e s t o r a t i o n .  The r e s t o r a t i o n  shown i n  f igure  21 f o r  the  eas t -cen t ra l  Alaska 
region and some adjacent  areas  i s  discussed by Dover (1985b). 

The a r e a l  d i spos i t ion  of major d e x t r a l  s t r i k e - s l i p  f a u l t  s y s ~ e m s  with respect  
t o  t h e  two "bends" i n  t h e  2-shaped configurat ion of the  northern Cordil leran- 
Brooks Range fold-and-thrust b e l t  suggests a  genet ic  r e l a t i o n  between t h e  two-- 
poss ib ly  a r e l a t i o n  i n  map-iriew+nalogous t o  duplex formation above a s t r u c t u r a l  
ramp i n  cross-sect ion ( f i g .  2 2 ) .  However;- the  pa l inspas t i c  r e s t o r a t i o n  
i l l u s t r a t e d  i n  f i g u r e  2 1  shows t h a t  t h e  Cordilleran-Brooks Range fold-and-thrust 
b e l t  had a  subdued but s t i l l  pronounced 2-shaped configurat ion p r i o r  t o  s t r i k e -  
s l i p  motion on t h e  Tint ina  and Kobuk-Malamute f a u l t  systems. Therefore, al thoup~b,  
s t r i k e - s l i p  a t t enua ted  and accentuated the  "bends," i t  d i d  not cause them. 

Coincidence of t h e  Tint ina f a u l t  system along much of i t s  length  with t h e  
northwest t r end  of faul t -cont ro l led  f a c i e s  b e l t s  i n  t h e  ou te r  p a r t  of t h e  Late 
Proterozoic and Paleozoic northern Cordil leran miogeocline suggests  t h a t  t h e  
Tint ina  t r e n d  may have been con t ro l l ed  by Paleozoic and o lde r  c r u s t a l  r i f t i n g .  
The suggestion t h a t  t h e  Tint ina f a u l t  zone reac t iva tes  a  Mesozoic su tu re  zone 
(Churkin and o thers ,  1982) is not supported by current  i n t e r p r e t a t i o n s  based on 
t h e  most recent  mapping. 

Oroclinal beading and crus ta l  rotation 

The Z-shaped p a t t e r n  of s t r a t i g r a p h i c  and s t r u c t u r a l  t r ends  i n  e a s t - c e n t r t a l  
Alaska has s i g n i f i c a n t  implicat ions f o r  pa leotec tonic  and paleographic 
reconst ruct ion .  The 2-shape i s  def ined not only by t h e  Cordilleran-Brooks Range 
fold-and-thrust b e l t ,  but a l s o  by a l l  t h e  major s t r a t i g r a p h i c  b e l t s  of e a s t -  
c e n t r a l  Alaska ( f ig .  201, including (1) the c r y s t a l l i n e  t e r ranes ,  (2)  Proterozoic  
and Paleozoic cher t -  and mafic volcanic-bearing outer  miogeoclinal sequences, ( 3 )  
carbonate platform sequences, ( 4 )  t h e  Devonian and Mississippian metac las t i c  
sequence, (5)  t h e  Tozitna te r rane ,  and ( 6 )  Jurass ic  t o  Lower Cretaceous f lysch  
(fig, 2 1 ) .  This p a t t e r n  is  cons i s t en t  f o r  a s t r i p  of mainly con t inen ta l  c r u s t  
with a minimum width of 250 km and a  s t r i k e  length of a t  l e a s t  2000 km. T h e  f a c t  
t h a t  t h e  change of near ly  1 0 0  degrees i n  t e c t o n i c  t r e n d  around the  Charley River 
recess coincides  w i t h  a comparable change i n  t h e  d i r e c t i o n  of t h r u s t  t r anspor t ,  
l e d  Dover (1985a, and i n  p ress )  t o  suggest t h a t  the  recess  might represent  an 
o r o c l i n a l  bend. I f  so, t h e  means by which space i s  aceomodated within t h e  
o r o c l i n a l  core i s  not c l e a r .  I n t e r p r e t a t i o n  of t h e  Old Crow s a l i e n t  a s  a second, 
complim@ntary o roc l ine  is  inherent  i n  t h e  models of Canada bas in  opening and 
Brooks Range r o t a t i o n  proposed by Carey (19581, T a i l l e u r  and Brosge (1970), 
T a i l l e u r  (19721, and Grantz and o the r s  (19821, and Milazzo and o t h e r s  (1987). The 
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Figure 21. Pre-Tintina geologic configuration. Restoration removes 40 
degrees of post-Tintina counter-clockwise bending of the Tintina fault 
system, and 425 km of cumulative right-slip from the ~intina fault system. 
Restoration of T i n t i n a  fault movement based on removal of slip from 
constituent splays, including 130 km from the Kaltag fault (KT), 20 km 
from unnamed faults inferred to cr0s.s Yukon Plats basin, 75 km from the 
Tozitna fault (TZ), 125 km on the Susulitna ( S )  and Poorman (PI faults, 
combined, and 7 5  Jun on the Iditarod-Nixon Fork fault (IN). Also, 100 km 
removed from the Kobuk-Malamute fault (KM) . 
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Figure 22.  Comparison of fault patterns in map and 
cross-section views. A, Generalized strike-slip 
fault pattern of east-central Alaska in map view. 
B, Examples of thrust fault patterns in cross- 
section view. Explanation of symbols: BR, Brooks 
Range; OCS, Old Crow salient; KM, Kobuk-Malamute 
fault; CRR, Charley River recess; Tz, Tozitna 
fault: KVC, Kaltag-Victoria Creek fault; T ,  
Tintina fault; YTU, Y u k o n - T a n a n a  upland. 



model of Norris  (1972b) r e l a t i n g  pai red  en-echelon b e l t s  of opposi te ly  verging 
s t r u c t u r e s  t o  cont inenta l  margin i r r e g u l a r i t i e s  does not  explain t h e  fundamental 
Z-shaped p a t t e r n  considered here. 

I f  t h e  displacement h i s t o r y  pos tu la ted  here for t h e  Tint ina  f a u l t  system is  
val id ,  then t h e  abrupt 40 degree bend i n  t h e  Tintina system i n  t h e  Livengood area 
must have occurred a f t e r  most of t h e  s t r i k e - s l i p  was completed. Otherwise, 
t ranspress ion  would have been required on t h e  part of t h e  system now t rending t o  
the  southwest. Counterclockwise bending of the  Tint ina system and i ts splays  i n  
southwest Alaska is  t e n t a t i v e l y  a t t r i b u t e d  by Dover (1985b) t o  a major ~ e r t i a r y  
c r u s t a l  r o t a t i o n  event now being documented i n  west-central Alaska (Coe and 
others ,  1985; Thrupp and Coe, 1986; Coe and Thrupp, 1987). 

Extensional origin of Yukon Flats basin 
P 

% 

The pos i t ion  of t h e  Yukon F l a t s  %Sin-' (Kirschner, i n  press,  a )  between t h e  
Tint ina and Kobuk-Malamute s t r i k e - s l i p  systems suggests t h a t  it could have 
o r ig ina ted  as a pul l -apar t  basin i n  a region of secondary tens ion generated by 
d e x t r a l  shear  between t h e  Tint ina  and Kobuk-Malamute f a u l t  systems ( f i g .  23A). ,*, 
In te rmi t t en t  T e r t i a r y  and Quaternary movement accompanied by synorogenic 
deposi t ion  and l o c a l  mafic volcanism, and continuing extension which maintains t h e  
low topography of t h e  basin,  would requi re  t h a t  a t  l e a s t  one of t h e  bounding 
s t r i k e - s l i p  systems i s  s t i l l  ac t ive .  Alternat ively,  because t h e  Yukon F l a t s  basin 
is on t h e  convex s i d e  of t h e  bend i n  t h e  Tint ina f a u l t  system, as a r e  o the r  
extens ional  bas ins  i n  south-central  Alaska r e l a t i v e  t o  bends i n  t h e  Denali and 
Border Ranges f a u l t  systems ( f i g .  23B), a l l  of these  bas ins  may be caused by 
tens ion induced by t h e  T e r t i a r y  c r u s t a l  ro ta t ion  event, and loca l i zed  within 
strike-slip-bounded c r u s t a l  l aye r s  a t  t h e  apices  of t h e  bends. If  so, c r u s t a l  
r o t a t i o n  must s t i l l  be ac t ive .  

PALEOGEOGRAPHIC AND GEOTECTONIC MODEL 

The paleogeographic and geotectonic model presented here is  o f fe red  a s  a 
t e s t a b l e  a l t e r n a t i v e  t o  accre t ionary  t e c t o n i c  models implied i n  t h e  
t ec tonos t ra t ig raph ic  t e r r a n e  subdivision of eas t -cen t ra l  and Arct ic  Alaska, and 
a l s o  as an a l t e r n a t i v e  t o  geotectonic models requi r ing  thousands of kilometers of 
l a t e r a l  movement on megashears passing through eas t -cen t ra l  Alaska. The model 
t h a t  best f i t s  the  geologic framework of eas t -cent ra l  Alaska, a s  p resen t ly  
understood and suumarized i n  t h i s  chapter  ( f i g .  2 4 ) ,  incorpora tes  (1) a passive 
and intermittently extending Late Proterozoic t o  Triassic depos i t iona l  prism t h a t  
wrapped continuously from the  Cordi l le ran  miogeocline i n t o  t h e  Innu i t i an  
miogeocline (Franklinian and Ellesmerian sequences) of t h e  Canadian Arct ic  
i s l ands ,  along t h e  ancient  North American margin; (2 )  two per iods  of con t inen ta l  
arc development generated by p l a t e  convergence along t h e  ou te r  edge of this 
margin, with poss ib le  back-arc spreading associa ted  with t h e  f i r s t ,  and a major 
fold-and-thrust belt developed during the  second; ( 3 )  t h e  b i f u r c a t i n g  fold-and- 
t h r u s t  belt model of Norris  (1987); and ( 4 )  concepts of r o t a t i o n a l  Canada bas in  
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Figure 24. Regional geotectonic model. A, Inferred configuration of 
Cordilleran-Innuitan miogeocline prior to Canada basin opening. 8,  
Present tectonic configuration, after Canada basin opening and associated 
oroclinal bending, and major strike-slip faulting (also, see Norris, 
1987). GLD, Greenland; AK, Alaska; KM, Kobuk-Malamute fault; BR, Brooks 
Range; YKB, Yukon-Koyukuk basin; YFB, Yukon Flats basin; RD, Rapid 
depression; OCS, Old Crow salient; CRR, Charley River recess; EPB, Eagle 
Plain basin; YT, Yukon-Tanana upland; D, Denali fault; TI Tintina fault; 
RG, Ruby geanticline; NCB, Northern Cordilleran fold-and-thrust belt. 



opening held by Carey ( 1 9 5 8 ) ,  Tailleur and Brosge (1970), Tailleur (19721, 
Freeland and Dietz (1973), and Grantz and others (1982), and recently supported by 
paleomagnetic evidence from Arctic Alaska (Halgedfahl and Jarrard, 1987). In this 
model, the "bendsw in the 2-pattern of stratigraphic and structural trends have 
two different origins (fig. 24) : 

(1) The Charley River recess reflects an original swing in the trend of the 
ancient North American margin from predominantly northwest-southeast in the 
Canadian Cordillera to northeast-southwest in the Innuitian belt of ~rctic Canada 
(represented by Norrisls Xnnuitian arm of the bifurcated Cordilleran fold-and- 
thrust belt). The miogeoclinal prism flanking this originally curved continental 
margin had an intermittent history of extension from Proterozoic through early 
Mesozoic time, interrupted in the Devonian and Early ~ississippian by an incipient 
continental arc-forming event that produced uplift and granitic plutonism along 
its outer edge but little documented metamorphism or contractional deformation. 
Rift basins within the miogeoclinal prism contain siliceous and siliciclastic 
rocks, and mafic igneous material: 'coa5jeA'clastic-rocks were derived from 
accompanying block uplifts. Carbonate rocks like those of the Mackenzie, Cassiar, 
Nixon Fork, Porcupine, and Skajit platforms rimmed the basins, including the early 
Paleozoic Selwyn basin and Richardson trough, or capped intervening block uplift@+, 
More advanced extension of the late Paleozoic to Triassic Tozitna basin, 
accompanied by regional subsidence, produced the most mafic-rich of the 
extensional basins. The Tozitna is regarded as an aborted ocean-forming rift that 
may have originated as an intra-cratonic back-arc basin inboard of the aborted 
mid-Paleozoic continental arc. Beginning with metamorphism and plutonism in 
Jurassic t h e  and continuing with major supracrustal fold-and-thrust belt 
development in the mid-Cretaceous, a full-fledged continental arc generated by 
plate convergence was superimposed along the outer edge of the North American 
miogeocline over the site of the aborted mid-Paleozoic one, and a foreland flysch 
basin developed along the length of the orogen. The outboard edge of the 
crystalline terranes of east-central Alaska which formed the continental arc is 
considered to be the inboard limit of accretionary terranes in Alaska. 

(2)  The Old Crow Salient, represented by Norrisls Alaskan arm of the fold- 
and-thrust belt, is a true Cordilleran-Brooks Range orocline produced by rotation 
of Arctic Alaska from the Canadian Arctic islands during opening of the Canada 
basin ( f ig .  24). The Rapid depression and probably the Eagle Plain depression to 
the south, which together separate the unrotated Xnnuitian and rotated Alaskan 
arms of the bifurcated Cordilleran fold-and-thrust belt, would be on-land 
intracratonic rift-basins representing the apex of Canada basin opening. some 
rotation of Arctic Alaska may have been coeval with compressional development of 
the Cordilleran-Brooks Range fold-and-thrust belt. 

The opposing "bends" of the 2-pattern were later attenuated by dextral strike- 
slip fault systenu, possibly reflecting a change in plate motions at about 80 Ma 
along the Alaskan segment of the North ~rnerican continental margin from direct to 
mare oblique convergence. Alternatively, the period of major strike-slip rnay have 
coincided vith east-west compression generated by convergence between North 
America and Eurasia. 



Many colleagues contributed expertise as consultants, critics, or editors 
that significantly improved this presentation of the geology of east-central 
Alaska. The principal contributors and their main areas of interest are: ~ichael 
Churkin--stratigraphy of the Charley River area; Thomas ~utro--Paleozoic 
stratigraphy of Porcupine platform and southeastern Brooks Range; Florence Weber- 
-geology of the Circle/Livengood area; John Cady--geophysics of east-central 
Alaska; Robert Chapman--geology of the Livengood/Tanana area; Steven Gordey-- 
geology of southern Yukon Territory and the mid-Paleozoic Earn Group; and Bob 
Thompson--geology of the Dawson area. However, the author accepts full 
responsibility for the interpretations and conclusions presented here, which may 
not necessarily represent the views of the contributors. 

# 

% 
4 a_*. ._ 

REFERENCES CXTED 
. I.*. 

Arth, J.G., 1985, Neodymium and strontium isotopic composition of Cretaceous 
plutons of the Yukon-Koyukuk basin, Ruby geanticline, and Seward Peninsula, 
Alaska [Abs.]: Eos (American Geopysical Union Transactions) v. 66, p ,  1102. 

Albanese, M.D., 1983, Bedrock geologic map of the Livengood B-4 quadrangle, 
Alaska: Alaska Division of Geological and Geophysical Surveys Report of 
Investigations 83-3, scale 1:40,000. 

Bamber, E.W., and Waterhouse, J.B., 1971, Carboniferous and Permian stratigraphy 
and paleontology, northern Yukon Territory, Canada: Bulletin of Canadian 
Petroleum Geology v.19, no. 1, p. 29-250. 

Barker, J.C., 1986, Placer gold deposits of the Eagle trough, upper Yukon River 
region, Alaska: Bureau of Mines Information Circular 9123, 20 p. 

Blodgett, R.B., 1983, Paleobiogeographic affinities of Devonian fossils from the 
Nixon Fork terrane, southwestern Alaska, Stevens, C.H., ed., Pre-Jurassic 
rocks in western North American suspect terranes: Society of Economic 
Paleontologists and Mineralogists, p. 125-130. 

----- 1987, Taxonomy and paleobiogeographic affinities of an early Middle Devonian 
(Eifelian) gastropod faunule from the Livengood quadrangle, east-central 
Alaska [Unpublished Ph.D. thesis]: Oregon State University (Corvallis, 
Oregon) . 

Blodgett, R.B., Wheeler-Crowder, K.L., Rohr, D.M., Harris, A.G., and Weber, F.R., 
1987, Late Ordovician fossils from the Fossil Creek volcanics of the 
Livengood quadrangle--significance for Late Ordovician glacio-eustasy: U.S. 
Geological Survey Circular 998, p. 54-58. 



Blodgett, R.B., Zhang, Ning, Ormiston, A.R., and Weber, F .R. , 1988, A Late 
Silurian age determination for the limestone of the "Lost Creek unit,", 
Livengood C-4 quadrangle, east-central Alaska: U.S. Geological Survey 
Circular 1016, p. 56-58. 

Brabb, E.E., 1967, Stratigraphy of the Cambrian and Ordovician rocks of east- 
central Alaska: U.S. Geological Survey Professional Paper 559-A, 30 p. 

----- 1969, Six new Paleozoic and Mesozoic formations in east-central Alaska: U.S. 

Geological Survey Bulletin 1274-1, 26 p. 

----- 1970, Preliminary geologic map of the Black ~ i v e r  quadrangle, east-central 
Alaska: U.S. Geological Survey ~iacellaneous Geologic In~e~tigations Map I- 
601, scale 1 :250,000. 

Brabb, E .E., and Churkin, Michael, Jr., 1967, Stratigraphic evidence of the Late 
Devonian age of f he Nation ~ h e ' F  Eormation, .east-central Alaska, in 
Geological Survey research 1967: U.S. Geological Survey Professional Paper 
575-D, p.  D4-D15. 

. *:** ----- 1969, Geologic map of the Charley River quadrangle, east-central Alaska: 
I U.S. Ge010gi~al Survey Miscellaneous Geologic Investigations Map 1-573, 

scale 1:250,000. 

Brooks, A.H., and Kindle, E.M., 1908, Paleozoic and associated rocks o f  the upper 
Yukon, Alaska: Geological Society of America Bulletin, vol. 19, 
p. 255-314. 

Brosgl, W . P . ,  1960, Metasedimentary rocks in the south-central Brooks Range, 
Alaska: U.S. Geological Survey ~rofessional Paper 400-B, p. B351-B352. 

----- 1975, Metamorphic belts in the southern Brooks Range: U.S. Geological Survey 

Circular 722, p. 40. 

BrosgB, W.P., and Dutro, J.T., Jr., 1973, Paleozoic rocks of northern and central 
Alaska: American Association of Petroleum Geologists Memoir 19, p. 361-375. 

BKOS~&, W.P., Dutro, J.T., Jr., Mangus, M.D., and Reiser, H.N., 1962, Paleozoic 
sequence in eastern Brooks Range, Alaska: American Association of Petroleum 
Geologists Bulletin, v. 46, no. 12, p. 2174-2198. 

Brosgh, W .P . , Lanphere, M.A., Reiser, H .N., and Chapman, R.M., 1969, Probable 
~ e d a n  age of the Rampart Group, central Alaska: U.S. Geological Survey 
Bulletin 1294-B, 18 p. 

Brosgb, W.P. ,  and Reiser, H.N., 1962, Preliminary geologic map of the Christian 
quadrangle, Alaska: U.S. Geological Survey Open-File Map 62-15, scale 
1:250,000. 



----- 1964, Geologic map and section of the Chandalar quadrangle, Alaska: U . S .  
Geological Survey Miscellaneous Geologic Investigations Map 1-375, scale 
1 : 250,000. 

----- 1965, Preliminary geologic map of the Arctic quadrangle, Alaska: U.S. 

Geological Survey Open-File Report 65-22, scale 1:250,000. 

----- 1969, Preliminary geologic map of the Coleen quadrangle, Alaska: U.S. 

Geological Survey Open-File Map 69-25, scale 1:250,000. 

BrosgB, W.P., Reiser, H.N., and Dutro, J.T., Jr., 1979, Significance o f  Middle 
Devonian clastic rocks in the eastern Brooks Range, Alaska: U , S .  Geological 
Survey Circular 823-8, p. 824-825. 

Brosg&, W.P . , Reiser, H .N., Dutro, J. T., Jr., and Churkin, Michael, Jr, , 1966, 
Geologic map and straigraphic sections, Porcupine River Canyon, Alaska: 

.-., . . , _, 

U. S. Geological Survey open-~ile Report 66-10; ' 4 sheets, scale 1: 63,360. 
Brosge, W. P., Reiser, H.N., Dutro, J. T., Jr . , and Detterman, R. L., 1976 : 

Reconnaissance geologic map of the Table Mountain quadrangle, Alaska, U.S. 
Geological Survey Open-File Map 76-546. G* 4 

i Brosgb, W.P., Reiser, H.N., and Yeend, Warren, 1973, Reconnaissance geologic map 
of the Beaver quadrangle, Alaska: U.S. Geological Survey Miscellaneous 
Field Studies Map MF-525, scale 1:250,000. 

Burchfiel, B.C., Eaton, G.P., Lipman, P . W . ,  and Smith, R.B., 1987, The Cordilleran 
orogen: Conterminous U.S. sector,& Palmer, A.R., ed., Perspectives in 
regional geological synthesis: Geological Society of America DNAG Special 
Publication 1, p. 91-98. 

Burns, L.E., Newberry, R. J., and Reifenstuhl, R.R., 1987, Intrusive rocks of the 
Lime Peak-Mt. Prindle area, in Smith, T.E., Pessell, G.H., and Wiltse, 1987, 
Mineral assessment of the L h  Peak-Mt. Prindle area, Alaska: Alaska 
Division of Geological and Geophysical Surveys, p. 3-1 to 3-78. 

Cady, J . W . ,  1978, Aeromagnetic map and interpretation, Chandalar quadrangle, 
Alaska: U.S. Geological Survey Miscellaneous Field Studies Map MF-878C, 
scale 1:250,000. 

----- 1986, Geophysics of the Yukon-Koyukuk province: U.S. Geological Survey 

Circular 978, p, 21-25. 

----- 1987, Preliminary geophysical interpretation of the oceanic terranes of 
interior and western Alaska--evidence of thick crust of intermediate 
density: American Geophysical Union Geodynamic Series v. 19, p .  301-305. 

Cady, J.W., and Morin, R.L., Aeromagnetic and gravity data, in Weber, F.R., 
McCamon, R.B., Rinehart, C.D., and Light, T.D., Mineral resources of the 
White Mountain National Recreation Area, east-central Alaska: U.S. 
Geological Survey Open-File Report 88-284, p 55. 



Cady, J.W., and Weber, F.R., 1983, Aeromagnetic map and interpretation of magnetic 
and gravity data, Circle quadrangle, Alaska: U.S. Geological Survey Open- 
File Report 83-170C, 29 p., scale 1:250,000. 

Cairnes, D.D., 1914, The Yukon-Alaska international boundary, between Porcupine 
and Yukon Rivers: Geological Survey of Canada Memoir 67, 161 p. 

Carey, S.W., 1958, A tectonic approach to continental drift, & Carey, S.W., ed., 
Continental drift, a symposium: Tasmania University, p. 177-355. 

Cecile, M.P., 1982, The lower Paleozoic Misty Creek embayment, Selwyn Basin, Yukon 
and Northwest ~erritories, with a paleontologic index by W.H. Fritz, B.S. 
Norford and R.S. Tipnis: Geological Survey of Canada Bulletin 335, 78 p., 1 
map, scale 1;500,000. 

Chapman, R.M., 1974, Metamaphi~roek sequence between Rampart and Tanana dated: 
U. S . Geological Survey ~ircul'ar-'700;' p. 42. . 

Chapman, R.M., Trexler, J. H., Jr . , Churkin, Michael, Jr . , and Weber, F . R., 1985, 
New concepts of the Mesozoic flysch belt in east-central Alaska: U.S. 

GO* 

Geological Survey Circular 945, p. 29-32. 

i 
Chapman, R.M., Weber, F.R., Churkin, Michael, Jr., and Carter, Claire, 1979, The 

Livengood Dome chert, a new Ordovician formation in central Alaska, and its 
relevance to displacement on the Tintina fault: U.S. Geological Survey 
Professional Paper 1126-F, p. F1-F13. 

Chapman, R.M., Weber, F.R., and Taber, Bond, 1971, Preliminary geologic map of the 
Livengood quadrangle, Alaska: U.S. Geological Survey Open-File Report 71- 
66, scale 1:250,000. 

Chapman, R.M., Yeend, Warren, BrosgB, W .P . , and Reiser, H .N., 1982, Reconnaissance 
geologic map of the Tanana quadrangle, Alaska: U.S. Geological Survey Open- 
File Report 82-734, 20 p., scale 1:250,000. 

Chipp, E.R., 1970, Geology and Geochemistry of the Chandalar area, Brooks Range, 
Alaska: Alaska Department of Natural Resources, Division of Mines and 
Geology, Geologic Report no. 42, 39 p. 

Churkin, Michael, Jr., and Brabb, E.E., 1965a, Ordovician, Silurian, and Devonian 
biostratigraphy of east-central Alaska: American Association of Petroleum 
Geologists Bulletin, v. 49, no. 2, p. 172-185. 

----- 1965b, Occurrence and stratigraphic significance of oldhamia, a Cambrian 
trace fossil, in east-central Alaska: U.S. Geological Survey Professional 
Paper 525-D, p. D120-~124. 

----- 1968, ~evonian rocks of the Yukon-Porcupine Rivers area and their tectonic 
relation to other Devonian sequences in Alaska, Proceedings of the 
International Symposium on the Devonian System, vol. 2: Alberta Society of 
Petroleum Geologists (Calgary, Alberta) , p. 227-258. 



Churkin, Michael, Jr., and Carter, Claire, 1970, Devonian tentaculitids of east- 
central Alaska; systematics and biostratigraphic significance: Journal of 
Paleontology, v. 44, no. 1, p. 51-68. 

Churkin, Michael, Jr., Foster, H.L., Chapman, R.M., and Weber, F.R., 1982, 
Terranes and suture zones in east-central Alaska: Journal of Geophysical 
Research, v. 87, no. 85, p. 3718-3730. 

Churkin, Michael, Jr., and Trexler, J.H., 1980, Circum-Arctic plate accretion-- 
isolating part of a pacific plate to form the nucleus of the Arctic basin: 
Earth Platetary Science Letters v. 48, p. 356-362. 

-----1981, Continental plates and accreted oceanic terranes in the Arctic, & 
Nairn, A.E., Churkin, Michael, Jr., and ~tehli, F.G., eds., The ocean basins 
and margins, volume % The.Arctie ocean: Plenum Press, New York, p. 1-20. 

4 - I+..-.. . . .  

Clough, J .G. ,  1980, Fossil alage in Lower Devonian limestones, east-central 
Alaska, Short notes on Alaskan geology, 1979-80: Alaska Division of 
Geological and Geophysical Surveys Geologic Report 63, p. 19-21. , &*, 

Clough, J.G., and Blodgett, R.B., 1984, Lower Devonian basin to shelf carbonates 
in outcrop from the western Ogilvie Mountains, Alaska and Yukon Territory, 
in Eliuk, L.S., ed., Carbonates in subsurface and outcrop, 1984 Canadian - 
Society of Petroleum Geologists Core Conference Manual: Calgary, Alberta, 
Canada, Canadian Society of Petroleum Geologists, p. 57-81. 

Coe, R.S., Globeman, B.R., Plumley, P.W., and Thrupp, G.A., 1985, Paleomagnetic 
results from Alaska and their tectonic implications, in Howell, D.G., ed., 
Tectonostratigraphic terranes of the circum-Pacific region: Circum-Pacific 
Council for Energy and Mineral Resources, Houston, Texas, p. 85-108. 

Coe, R.S., and Thrupp, G.A., 1987, ~ectonic implications of rotated paleo-magnetic 
declinations in west-central Alaska: Geological Society of America 
Abstracts with Programs v. 19, no. 6, p. 367. 

Coleman, D.A., 1985, Shelf to basin transition of Silurian-~evonian rocks, 
Porcupine River area, east-central Alaska: American Association of 
Petroleum Geologists Bulletin, v.  69, no. 4, p. 659. 

Coney, P.J., 1983, Structural and tectonic aspects of accretion in Alaska, in 
Howell, D.G., Jones, D.L., Cox, Allan, and Nur, Amos, Proceedings of the 
circum-Pacific terrane conference: Stanford University Publications, p. 68- 
70. 

Coney, P.J., and Jones, D.L., 1985, Accretion tectonics and crustal structure in 
Alaska: Tectonophysics v. 119, p. 265-283. 

Coney, P. J., Jones, D.L., and Monger, J.W.H., 1980, Cordilleran suspect terranes : 
Nature, v. 288, p. 329-333. 



Cushing, G.W., 1984, Early Mesozoic tectonic history of the eastern Yukon-Tanana 
upland [Unpublished Masters thesis]: State University of New York (Albany, 
New York) . 

Cushing, G.W., and Foster, H.L., 1984, Structural observations in the Circle 
quadrangle, Yukon-Tanana upland, Alaska: U.S. Geological Survey Circular 
868, p. 64-65. 

Cushing, G.W., Foster, H.L., Laird, J., and Burack, A.C., 1982, Description and 
preliminary interpretation of folds and faults in a small area in the Circle 
8-4 and B-5 quadrangles, Alaska: U.S. Geological Survey Circular 844, p. 
56-58. 

Cushing, G.W., Meisling, K.E., Christopher, R.A., and Carr, T.R., 1986, The 
Cretaceous to Tertiary evolution of the Tintina fault zone, east-central 
Alaska: Geological mciety of America Abstracts with Programs v. 18, no. 2 ,  

I I-".. ,-, 
p. 98. 

Dahlstrom, C.D.A., 1970, Structural geology in the eastern margin of the Canadian 
Rocky Mountains: Bulletin of Canadian Petroleum Geology, v.  18, no. 3,  P.;., 
332-406. 

1 
Davies, W.E., 1972, The Tintina trench and its reflection in the structure of the 

Circle area, Yukon-Tanana upland, Alaska: Twenty-fourth International 
Geological Congress, Section 3--Tectonics (Montreal, Canada), p. 211-216. 

Delaney, G.D., 1981, The mid-Proterozoic Wernecke Supergroup, Wernecke Mountains, 
Yukon Territory, & Campbell, F.H.A., ed., ~roterozoic basins of Canada: 
Geological Survey of Canada Paper 81-10, p. 1-23. 

Dillon, J.T., Brosgb, W.P., and Dutro, J.T., 1986, Generalized geologic map of the 
Wiseman quadrangle, Alaska: U.S. Geological Survey Open-File Report 86-219, 
scale 1 :250,000. 

Dillon, J.T., Patton, W.W., Jr., Mukasa, S.B., Tilton, G.R., ~ l u m ,  J., and Moll, 
E.R., 1985, New radiometric evidence for the age and thermal history of the 
metamorphic rocks of the Ruby and Nixon Fork terranes, west-central Alaska: 
U.S. Geological Survey Circular 945, p. 13-18. 

Dillon, J.T., Pessel, G.H., Chen, J.H., and Veach, N.C., 1979, Tectonic and 
economic significance of Late Devonian and Late Proterozoic U-Pb zircon ages 
from the Brooks Range, Alaska: Alaska Division of Geology and Geophysical 
Surveys Geologic Report, no. 61, p. 36-4. 

-mu-.. 1980, Middle Paleozoic magmatism and orogenesis in the Brooks Range, Alaska: 

Geology, v. 8, p. 330-343. 

Dixon, J.1 1986, Comments on the stratigraphy, sedimentology and distribution of 
the Albian Sharp Mountain Formation, northern Yukon, in Current research, 
Part B: Geological Survey of Canada Paper 86-10, p. 375-381. 



Dover, J.H., 1985a, possible oroclinal bend in northern Cordilleran fold and 
thrust belt, east-central Alaska: Geological Society of America, Abstracts 
with Programs v. 17, no. 6, p. 352. 

----- 1985b, Dispersion of Tintina fault displacement in interior Alaska: 
Geological Society of America, Abstracts with Programs v .  17, no. 6, p. 352. 

----- 1988, Geologic cross sections, & Weber, F.R., McCammon, R.B., Rinehart, 

C.D., Light, T.D., and Wheeler, K.L., Geology and mineral resources of the 
White Mountains National Recreation Area, east-central Alaska: U.S. 
Geological Survey Open-file Report 88-284, Plate 11-B. 

----- in press, Geologic map and fold-and-thrust-belt interpretation of the 
southeastern part of the Charley River quadrangle, east-central Alaska: 
U.S. Geological Survey Miscellaneous Investigations Map 1-1942, scale 
1: 100,000. C >, 

4 I--.- ._- 

Dover, J.H., and Miyaoka, R.T., 1985a, Major rock packages of the Ray ~ountains, 
Tanana and Bettles quadrangles: U.S. Geological Survey Circular 945, p. 32- 
36. . @ a  

----- 1985b, Metamorphic rocks of the Ray Mountains; preliminary structural 
analysis and regional tectonic implications: U.S, Geological Survey 
Circular 945, p. 36-38. 

*---A 1985c, Metamorphic rocks and structure of the Ray Mountains, southeast 

borderland of Koyukuk basin, Alaska: Eos (American Geophysical. Union 
Transactions) v .  66, no. 46, p. 1101-1102. 

----- 1988, Reinterpreted geologic map and fossil data, Charley River quadrangle, 
east-central Alaska: U.S. Geological Survey Miscellaneous Field Studies Map 
MF-2004, scale 1:250,000. 

Dusel-Bacon, Cynthia, and Aleinikoff, J.N., 1985, Petrology and tectonic 
significance of augen gneiss from a belt of Mississippian granitoids in the 
Yukon-Tanana terrane, east-central Alaska: Geological Society of America 
Bulletin, v. 96, p. 411-425. 

Dusel-Bacon, Cynthia, and Foster, H.L., 1983, A sillimanite gneiss dome in the 
Yukon crystalline terrane, east-central Alaska: Petrography and garnet- 
biotite geothermometry: U.S. Geological Survey professional Paper 1170-E, 
p. El-E25. 

Dutro, J.T., Jr., 1979, Alaska, in The Mississippian and Pennsylvanian 
(Carboniferous) systems in the United States: U.S. Geological Survey 
Professional Paper 1110 M-DD, p. DD1-DD16. 

Dutro, J.T., Jr., BrosgB, W.P., and Reiser, H.N., 1977, Upper Devonian 
depositional history, central Brooks Range, Alaska: U . S .  Geological Survey 
Circular 751-B, p. B16-B18. 



Dutro, J.T., Jr., and Harris, A.G., 1987, Some stratigraphic and paleontologic 
constraints on tectonic modelling o f  the Brooks Range, Alaska: Geological 
Society of America Abstracts with Programs v.19,  no. 6, p. 374. 

Dutro, J.T., Jr., and Jones, D.L., 1984, Paleotectonic setting of the 
Carboniferous of Alaska: International Congress on Carboniferous 
stratigraphy and geology, v.  9, no. 3, p. 229-234. 

Eakin, H.M., 1916, The Yukon-Koyukuk region, Alaska: U.S. Geological Survey 
Bulletin 631, 88 p. 

Eberlein, D.E., and Lanphere, M.A., in press, Precambrian rocks of Alaska--a 
review, & Harrison, J.E., and Peterman, Z . E . ,  eds., Introduction to the 
correlation of Precambrian rock sequences: U.S. Geological Survey 
Professional Paper 1241B. 

" 
'C 

Einaudi, M. T . , and Hitzman, M. W., l'98-lf;cki'neral deposits in northern Alaska : 
Introduction: Economic Geology and the Bulletin of the Society of Economic 
Geologists v. 81, no. 7, p. 1583-1591. 

,..* , 
Foster, H.L., Cushing, G.W., Weber, F.R., Laird, J., Jones, D.L., Murchey, B.L., 

1 and Blome, C.D., 1982, Radiolaria indicate Carboniferous and Triassic ages 
for chert in the Circle Volcanics, Circle quadrangle: U.S. Geological 
Survey Professional Paper, p. 78. 

Foster, H.L., Keith, T.E.C., and Menzie, W.D., 1987, Geology of east-central 
Alaska: U.S. Geological Survey Open-File Report 87-188, 59 p. 

----- this volume, Geology of the Yukon-Tanana area of east-central Alaska, in 
Plafker, G., Jones, D.L., and Berg, H.C., eds., Geology of Alaska: 
Geological Society of America (Boulder, Colorado), The Geology of North 
America. 

Foster, H.L., Laird, J., Keith, T.E.C., Cushing, G.W., and Menzie, W.D., 1983, 
Preliminary geologic map of the Circle quadrangle, Alaska: U.S. Geological 
Survey Open-File Report 83-170A, 32 p., 1 map, scale 1:250,000. 

Foster, R . L . ,  1968, Potential for lode deposits in the Livengood gold placer 
district, east-central Alaska: U.S. Geological Survey Circular 590, 18 p. 

----- 1969, Nickeliferous serpentinite near Beaver Creek, east-central Alaska: 
U.S. Geological Survey Circular 615, p. 2-4. 

Freeland, G.L., and Dietz, R.S., 1973, Rotation history of Alaskan tectonic belts: 
Tectonophysics v. 18, p. 379-389. 

Gabrielse, Hubert, 1985, Major dextral transcurrent displacements along the 
northern Rocky Mountain Trench and related lineaments in north-central 
British Columbia: Geological Society of America Bulletin v. 96, no. 1, p. 
1-14. 



Gabr ie l se ,  H . ,  and Yorath, C.J., 1987, The Cord i l le ran  orogen: Canadian s e c t o r ,  in 
Palmer, A . J . ,  ed., Per spec t ives  i n  reg iona l  geo log ica l  s y n t h e s i s :  Geological  
Soc i e ty  of America DNAG Spec i a l  Publ ica t ion  1, p. 81-89. 

Gardner, M.C. ,  J a r r a r d ,  R.D., and Mount, V.,  1984, S t y l e  and o r i g i n  of s t r u c t u r e s ,  
Pa leozoic  and Precambrian sedimentary rocks of southern  Tatonduk Terrane, 
Alaska: Geological  Soc i e ty  of AInerica Abs t rac t s  with Programs v .  1 6 ,  no. 5, 
p. 285. 

Gemuts, I . ,  Puchner, C.C., and S t e f f e l ,  C . I . ,  1983, Regional geology and t e c t o n i c  
h i s t o r y  of western Alaska: Jou rna l  of t h e  Alaska Geological  Soc i e ty  v. 3, 
p.  67-85. 

Gordey, S .P . ,  1981 ,  S t r a t i g r aphy ,  s t r u c t u r e ,  and t e c t o n i c  evo lu t ion  of southern  
P e l l y  ~ o u n t a i n s  i n  t h e  Indigo Lake a r ea ,  Yukon T e r r i t o r y :  Geologica l  Survey 
of Canada B u l l e t i n  31%, 44 .p . ,  1 map, s c a l e  1:60,000. 

.* ... .* 

Gordey, S.P., Abbott, J . G . ,  and Orchard, M . J . ,  1982, D e v o n o - ~ i s s i s s i p p i a n  (Earn 
Group) and younger s t r a t a  i n  e a s t - c e n t r a l  Yukon, in Current  Research, P a r t  
B:  Geological  Survey of Canada Paper 82-lB, p .  93-100. ,..- , 

Gordey, S.P., Abbott, J . G . ,  Tempelman-Kluit, D . J . ,  and Gabr ie l se ,  Hubert, 1987, 
"Antler"  c l a s t i c s  i n  t h e  Canadian c o r d i l l e r a :  Geology, v. 15, p.  103-107. 

Gottschalk,  R.R. ,  1987, Tectonics of t h e  s c h i s t  b e l t  metamorphic t e r r a n e  n e a r  
Wiseman, Alaska: Geological  Soc i e ty  of America Abs t r ac t s  wi th  Programs 
v.19, no. 6, p. 383. 

Grantz,  Arthur ,  1966, S t r i k e - s l i p  f a u l t s  i n  Alaska: U.S. Geological  Survey Open- 
F i l e  Report 66-53, 82 p. 

Grantz,  Authur, Din te r ,  D.A., and Cu lo t t a ,  R . C . ,  1987, S t r u c t u r e  of t h e  
c o n t i n e n t a l  s h e l f  n o r t h  of  t h e  A r c t i c  Nat ional  W i l d l i f e  Refuge, i n  Bird,  
K . J . ,  and Magoon, L.B. ,  eds., Petroleum geology of t h e  n a r t h e r n  p a r t  of t h e  
A r c t i c  Nat iona l  W i l d l i f e  Refuge, no r theas t e rn  Alaska: U.S. Geologica l  
Survey B u l l e t i n  1778, p. 271-276. 

Grantz,  Arthur ,  Johnson, Leonard, Sweeney, J.F.,  Clark,  D.L. ,  Edholm, Olav, 
Falconer, R.K.H., Hopkins, D.M., Kr i s to f f e r sen ,  Yngve, Larsen, W.C., and 
Thiede, Jon, 1982, The Arctic region,  Palmer, A.R., ed. ,  Pe r spec t ives  i n  
r e g i o n a l  g e o l o g i c a l  syn thes i s :  p lanning  f o r  The geology of North America: 
Geologica l  Soc i e ty  of America DNAG Spec i a l  Pub l i ca t i on  1, p. 105-115. 

Green, L.H., 1972, Geology of Nash Creek, Larsen Creek, and Dawson map-areas, 
Yukon T e r r i t o r y :  Geological  Survey of Canada Memoir 364,  157 p . ,  3 maps, 
scale 1:250,000. 

Grybeck, Donald, and Nelson, S.W., 1981, S t r u c t u r e  of t h e  Survey Pass  quadrangle,  
Brooks Range, Alaska: U.S. Geological  Survey ~ i s c e l l a n e o u s  F i e l d  S tud ie s  
Map MF-1176-B, 7 p., 1 map, s c a l e  1:250,000. 



Halgedahl, S.L., and Jarrard, R . D . ,  1987, Paleamagnetism of the Kuparuk River 
Formation from oriented drill core: evidence for rotation of the Arctic 
Alaska plate, Tailleur, I., and weimer, P., eds., Alaskan North Slope 
geology: Society o f  Economic Paleontologists and Mineralogists (Pacific 
Section) and Alaska Geological Society, p. 581-617. 

Herreid, Gordon, 1969, Geology and geochemistry Sithylemenkat Lake area, Bettles 
quadrangle, Alaska: Alaska Department of Natural Resources, Division of 
Mines and Geology, Geologic Report no. 35, 22 p.  

Hitzman, M.W., Proffett, J.M., Jr., Schmidt, J.M., and Smith, T.E., 1986, Geology 
and mineralization of the Ambler district, north-western Alaska: Economic 
Geology, v. 81, p. 1592-1618. 

Hitzman, M.W., Smith, T.E., and Proffett, J.M., Jr., 1982, Bedrock geology of the 
Ambler district, southwestern Brooks Range, Alaska: Alaska Division of 
Geological and Geophysical+Surveys Geologic Report 75, scale 1:125,000. 

4 r-*. .,- 

Holdsworth, ~rian, and Jones, D.L., 1979, Late ~aleozoic fossils in ophiolite, 
northeastern Alaska: V.S. Geological Survey Professional Paper 1150, p. 95. 

, '.h, 

Howell, D .G., Murray, R.W., Wiley, T. J., Boundy-Sanders, Susan, and Kauf fman- 

I Linam, Linden, 1987, Sedimentology and tectonics of the Devonian Nation 
River formation, Alaska, part of yet another allocthonous terrane: American 
~ssociation of Petroleum Geologists Abstracts with Program v.71, no. 5, p .  
569. 

Hughes, J.D., and Long, D.G.F., 1979, Geology and coal resource potential of Early 
Tertiary Strata along Tintina trench, Yukon Territory: Geological Survey of 

* Canada Paper 79-32, 21 p. 

Jones, D.L., Bounday-Sanders, Susan, Murray, R.L., Howell, D.G., and Wiley, T. J., 
1987, Tectonic contacts of miogeoclinal strata in east-central Alaska: 
American Association of Petroleum Geologists Abstracts with Programs v. 71, 
no, 5, p. 573. 

Jones, D. L., Howell, D. G., Coney, P.J., and Monger, J.W.H., 1983, Recognition, 
character, and analysis of tectono-stratigraphic terranes in western North 
America, & Hashimoto, M., and Uysda, S., eds., Accretion tectonics in the 
Circum-pacific regions: Terra Scientific Publishing Company (Tokyo), p. 21- 
35. 

Jones, D.L., Silberling, N.J., Berg, H.C., and Plafker, George, 1981, 
Tectonostratigraphic terrane rnap of Alaska: U.S. Geological Survey Open- 
File Report 81-792, scale 1:250,000. 

Jones, D.L., Silberling, N.J., Chapman, R.M., and Coney, Peter, 1984, New ages of 
radiolarian chert from the Rampart district, east-central Alaska: U.S. 
Geological Survey Circular 868, p. 39-43. 



Jones, D.L., Silberling, N.J., Coney, P . J . ,  and PZafker, George, 1987, 
Lithotectonic terrane map of Alaska (west of the 141st Meridian) : U.S. 
Geological Survey Miscellaneous Field Studies Map MF-1874A one sheet, scale 
1:2,500,000. 

Jones, P.B., 1982, Mesozoic rifting in the western Arctic ocean basin and its 
relationship to Pacific seafloor spreading, Ernbry, A.F., and Balkwill, 
H.R., eds., Arctic Geology and Geophysics--Proceedings of the Third 
International Symposium on Arctic Geology: Canadian Society of Petroleum 
Geologists Memoir 8, p. 83-99. 

Karl, Susan, and Long, C.L., 1987, Evidence for tectonic truncation of regional 
east-west trending structures in the central Baird Mountains quadrangle, 
western Brooks Range, Alaska: Geological Society of America Abstracts with 
Programs v. 19, no. 6, p. 392. 

+ 
5 

Kelley, J.S., and Poland, R.L., 1987,.eSfr&ctural style and framework geology of 
the coastal plain and adjacent Brooks Range, in Bird, K.J., and Magoon, 
L.B., eds., Petroleum geology of the northern part of the Arctic National 
Wildlife Refuge, northeastern Alaska: U.S. Geological Survey Bulletin 177.&*, 
p. 255-270. 

Kindle, E.M., 1908, Geologic reconnaissance of the Porcupine Valley, Alaska: 
Geological Society of America Bulletin 19, p. 315-338. 

King, P.B., compiler, 1969, Tectonic map of North America: U.S. Geological Survey 
Map, scale 1:5,000,000. 

Kirschner, C.E., this volume, Interior basins of Alaska, Plafker, G,, Jones, 
D.L., and Berg, H.C., eds . ,  Geology of Alaska: Geological Society o f  
America (Boulder, Colorado), The Geology of North America. 

Laird, Jo, and Foster, H.L., 1984, Description and interpretation of a mylonitic 
foliated quartzite unit and feldspathic quartz wacke (grit) unit in the 
Circle quadrangle, Alaska: U.S. Geological Survey Circular 939, p. 29-33. 

Lane, L.S., 1988, The Rapid fault array: a foldbelt in ~rctic Yukon, Current 
Research, Part D: Geological Survey of Canada Paper 88-ID, p. 95-98. 

Lane, H.R., and Ormiston, A.R., 1976, The age of the Woodchopper Limestone (Lower 
Devonian), Alaska: Geologica et Palaeontologica v. 10, p.  101-108. 

----- 1979, Siluro-Devonian biostratigraphy of the Salmontrout River area, east- 
central Alaska: Geologica et ~elaeontologica v. 13, p. 39-96. 

Laudon, L.R. , Hartwig, A.E., Morgridge, D.L., Omernik, J.B., 1966, Middle and Late 
Paleozoic stratigraphy, Alaska-Yukon border area between Yukon and Porcupine 
Rivers: American Association of Petroleum Geologists Bulletin, v.  50, no. 
9, p. 1868-1889. 



LeCouteur, P.C., and Tempelman-Kluit, D . J . ,  1976,  Rb/Sr ages  and a p r o f i l e  of 
i n i t i a l  srB7/srB6 r a t i o s  f o r  p l u t o n i c  rocks ac ros s  t h e  Yukon c r y s t a l l i n e  
t e r r a n e :  Canadian Journa l  of Ear th  Sciences v. 13, p.  319-30. 

Loney, R.A., and Hiranelberg, G.R.,  1985a, D i s t r i b u t i o n  and c h a r a c t e r  of t h e  
p e r i d o t i t e - l a y e r e d  gabbro complex of t h e  sou theas t e rn  Yukon-Koyukuk 
o p h i o l i t e  b e l t :  U.S. Geological  Survey C i r c u l a r  945, p. 46-48. 

----- 1985b, O p h i o l i t i c  u l t r amaf i c  rocks of t h e  Jade ~ountains-Cosmos H i l l s  a r ea ,  
southwestern Brooks Range: U.S. Geological Survey C i r c u l a r  967, p. 13-15. 

Long, C.C., and Miyakoa, R., 1988, R e s i s t i v i t y  c ross -sec t ion ,  Weber, F.R., 
McCarmnon, R.B., Rinehart ,  C.D., and Light ,  T.D. ,  i n  p r e s s ,  I2 inara l  resources  
of t h e  White Mountain Nat iona l  Recreat ion Area, e a s t - c e n t r a l  Alaska: U.S. 
Geological  Survey Open F i l e  Report 88-284, p 73-76. 

e 
5 

Maddren, A.G., 1913, The Koyukuk-~h'an'Gl'a9 region; Alaska: U . S .  Geologica l  Survey 
B u l l e t i n  532, 119 p. 

Maddren, A.G.,  and Harrington, G . L . ,  1955, Geologic maps of t h e  a r e a  a long  t h e  k;.* 
Alaska-Canada boundary between t h e  Porcupine River  and A r c t i c  Ocean: U . S ;  
Geologica l  Survey Open-File Report 55-105. 

Mertie, J.B., 1925, Geology and go ld  p l a c e r s  of t h e  Chandalar district ,  Alaska: 
U . S .  Geologica l  Survey B u l l e t i n  773-E, p. 215-263. 

----- 1929, The Chandalar-Sheenjek d i s t r i c t  Alaska: U . S .  Geologica l  Survey 
B u l l e t i n  810-B, p. 87-139. 

----- 1930, Geology of t h e  Eagle-Circle  d i s t r i c t ,  Alaska: U.S .  Geologica l  Survey 
Bulletin 816, 168 p.  

----- 1932, The Tatonduk-Nation d i s t r i c t ,  Alaska: U.S. Geological  Survey B u l l e t i n  

836-E, 109 p. 

--*-- 1937, The Yukon-Tanana region,  Alaska: U.S .  Geological  Survey B u l l e t i n  872, 
276 p. 

Miller, T.P., 1985, P e t r o l o g i c  c h a r a c t e r  of t h e  p l u t o n i c  rocks of  t h e  Yukon- 
Koyukuk basin and i ts  border land  ( a b s . ) :  Eos (American Geophysical Union 
Transac t ions)  v. 66, no. 46, p. 1102. 

Miller, T.P., t h i s  volume, Pre-Cenozoic p lu tons  of Alaska, in Pla fke r ,  G . ,  Jones,  
D.L., and Berg, H.C., e&., Geology of Alaska: Geologica l  Soc i e ty  of  
America (8oulder, Colorada), The  Geology of North America, . 

Milazzo, Giulio, Plumley, P.W., and Whalen, M.T., 1987, T e r t i a r y  t e c t o n i c s  of t h e  
Porcupine terrane, NE Alaska: Eos (American Geophysical Union) v.68, no. 
1 6 ,  p.292. 



Miyaoka, R.T., and Dover, J.H., 1985, preliminary study of shear sense in 
mylonites, eastern Ray Mountains, Tanana quadrangle: U.S. Geological Survey 
Circular 967, p. 29-32. 

-- - - - in press, Shear sense in mylonites, and implications for transport of the 
Rampart assemblage (Tozitna terrane), Tanana quadrangle, east-central 
Alaska, in Dover, J.H., and Galloway, J.P., eds., Geologic studies in Alaska 
by the U.S. Geological Survey, 1989: U.S. Geological Survey Bulletin. 

Monger, J.W.H., 1977, Upper Paleozoic rocks of the western Canadian Cordillera and 
their bearing on Cordilleran evolution: Canadian Journal of Earth Sciences 
v. 14, p .  1832-1859. 

Monger, J . W . H . ,  and Price, R.A., 1979, Geodynamic evolution of the Canadian 
Cordillera--progress and problems: Canadian Journal of Earth Science v.  16, 
p. 770-791. * 

5 '  
1 ---.- ..+. . . .  

Monger, J.W.H., and Ross, C.A., 1971, Distribution of fusulinaceans in t h e  western 
Canadian Cordillera: Canadian Journal of Earth Sciences, v. 8, p. 259-278. 

. i:.. ----- 1979, Upper Paleozoic volcanosedimentary assemblages of the western North 
American Cordillera: Neuvieme Congres International de Stratigraphie et de 
geologie du Carbonifere v. 3 (Southern Illinois University Press), p.  219- 
228. 

Moore, T.E., Wallace, W.K., Karl, S.M., Mull, C.G., Bird, K. J., and Dillon, J.T., 
this vOlI.UIle, Geology of northern Alaska, & Plafker, G., Jones, D.L., and 
Berg, H.C., eds., Geology of Alaska: Geological Society of America 
(Boulder, Colorado), The geology of North America, v. -, p. - . 

Mortensen, J.K., and Godwin, C.I., 1902, Volcanogenic massive sulfide deposits 
associated with highly alkaline rift volcanics in the south-eastern Yukon 
Territory: Economic Geology and the Bulletin of the Society of Economic 
Geologists, v.  77, no. 5, p. 1225-1230. 

Mortensen, J.K., and Jilson, G.A., 1985, Evolution of the Yukon-Tanana terrane: 
evidence from southeastern Yukon Territory: Geology v. 13, no, 11, p. 806- 
810. 

Nelson, S.W., and Grybeck, Donald, 1980, Geologic map of the Survey Pass 
quadrangle, Brooks Range, Alaska: U.S. Geological Survey Miscellaneous 
Field Studies Map MF-1176A, scale 1:250,000. 

Nilsen, T.H., 1981, Upper Devonian and lower Mississippian redbeds, Brooks Range, 
Alaska, Miall, A.D., ed., Sedimentation and tectonics in alluvial basins: 
Geological Association of Canada Special Paper 23, p. 187-219. 

Norris, D.K., 1972a, Structural and stratigraphic studies in the tectonic complex 
of northern Yukon Territory, north of ~orcupine River, Report of 
Activites, Part B: Geological Survey of Canada Paper 72-1, p. 91-99. 



----- 1972b, En echelon folding in the northern Cordillera of Canada: Bulletin of 
Canadian Petroleum Geology v. 20, no. 3, p. 634-642. 

----- 1982, Geology of the Ogilvie River (ll6G and 116F) map area: Geological 
Survey of Canada Map 1526A, scale 1:250,000. 

----- 1984 ,  Geology of the northern Yukon and northwestern district of Mackenzie: 
Geological Survey of Canada Map 1581A,  scale 1:500,000. 

----- 1985, The Neruokpuk Formation, Yukon Territory and Alaska, in Current 
Research, Part B: Geological Survey of Canada Paper 85-lB, p .  223-229. 

----- 1987, porcupine virgation - a key to the collapse of the Brouks Range orogen: 
Geological Society of America Abstracts with Programs v. 19, no. 6, p. 437.  

Norris, D.K., and Yorath, C;J., 3981, The North American plate from the Arctic 
Archipelago to the Romanzof HouiiEaiii's, & Nairn, A.E.M., Churkin, M., Jr., 
and Stehli, F.G., The ocean basins and margins, Volume 5--The Arctic Ocean: 
Plenum Press (New York) , p. 37-103. 

,:** 
Patton, W.W., Jr., and Box, S . E . ,  1985, Tectonic setting and history of the ~ u k o n -  

1 Koyukuk basin, Alaska (abs.): Eos (American Geophysical Union Transactions) 
v. 66, no. 46, p. 1101. 

Patton, W.W., Jr., and Hoare, J.M., 1968, The Kaltag fault, west-central Alaska: 
U.S. Geological Survey Professional Paper 600-D, p. D147-D153. 

Patton, W.W., Jr., Box, S.E., Moll-Stallcup, E. J., and Miller, T.P., this volume, 
Geology of west-central Alaska, Plafker, G., Jones, D. L., and Berg, H.C., 
eds., Geology of Alaska: Geological Society of America (Boulder, Colorado), 
The Geology of North America. 

Patton, W.W., Jr., and Miller, T.P., 1970, Preliminary geologic investigations in 
the Kanuti River region, Alaska: U.S. Geological Survey Bulletin 1312-5, 10 
P. 

----- 1973, Bedrock geologic map of Bettles and southern part of Wiseman 
quadrangles, Alaska: U.S. Geological Survey Miscellaneous Field Studies Map 
MF-492, scale 1:250,000. 

Patton, W.W., Jr., Miller, T.P., Chapman, R.M., Yeend, Warren, 1978, Geologic map 
of the Melozitna quadrangle, Alaska: U.S. Geological Survey Miscellaneous 
Investigations Series Map 1-1071, scale 1:250,000. 

Patton, W.W., Jr., and Moll, E.J., 1982, Structural and stratigraphic sections 
along a transect between the Alaska Range and Norton Sound: U.S. Geological 
Survey Circular 844, p. 76-78. 

Patton, R.W., Jr., Stern, T.W., Arth, J.G., and Carlson, Christine, 1987, New U / P ~  
ages from granite and granite gneiss in the Ruby geanticline and southern 
Brooks Range, Alaska: Journal of Geology v.  95, p. 118-126. 



Patron, W.W., Jr.* Tailleur, I.L., Brosgh, W.P., and Lanphere, M.A., 1977, 
Preliminary report on the ophiolites of northern and western Alaska, & 
Coleman, R.G., ed., North American ophiolites: Oregon Department of Geology 
and Mineral Industries Bulletin no. 95, p. 51-57. 

Prindle, L.M., 1905, The gold placers of the Fortymile, Birch Creek, and Fairbanks 
regions, Alaska: U . S .  Geological Survey Bulletin 251, 89 p.  

----- 1906, The Yukon-Tanana region, Alaska; description of Circle quadrangle: 
U.S. Geological Survey Bulletin 295, 27 p., 1 pl. 

----- 1913, A geologic reconnaissance of the Circle quadrangle, Alhska: U.S. 
Geological Survey Bulletin 538, 82 p . ,  2 p l s .  

Puchner, C.C., 1984, Intrusive geology of the Ray Mountains batholith: Geological 
Society of America Abstracts'wSi^'P2ograms v. 16, p. 329. 

Reiser, H.L., Lanphere, M.A., and Brosg&, W.P., 1965, ~urassic age of a mafic 
igneous complex, Christian quadrangle, Alaska: U.S. ~eological Survey ,;., 
Professional Paper 525-C, p. C68-C71. 

Robinson, M.S., 1983, Bedrock geologic map of the Livengood C-4 quadrangle, 
Alaska: Alaska Division of Geological and Geophysical Surveys Report of 
Investigations 83-4, scale 1: 40,000) . 

Roots, C.F., 1983, Mount Harper Complex, Yukon--early Paleozoic volcanism at the 
margin of the Mackenzie platform, & Current Research, part A: Geological 
Survey of Canada Paper 83-lA, p. 423-427.  

----- 1988, Cambo-Ordovician volcanic rocks in eastern Dawson map-area, Ogilvie 
Mountains, Yukon, Yukon geology--annual report of geology section: 
Department of Indian A f f a i r s  and Northern Development, p. . 

Roots, C.F., and Moore, J.M., Jr., 1982, Proterozoic and early Paleozoic volcanism 
in the Ogilvie Mountains, & Yukon exploration and geology 1982: 
Exploration and Geological Services Division, Department of Indian and 
Northern A f f a i r s ,  p. 55-62. 

Savage, N.M., Blodgett, R.B., and Jaeger, H., 1905, Conodonta and associated 
graptolites from the late Early Devonian of east-central Alaska and western 
Yukon Territory: Canadian Journal of Earth Sciences v. 22, no. 12, p. 1880- 
1883. 

Schoennagel, F.H., 1977, Mississippian unconformities in northern Alaska related 
to Antler tectonic pulses: American Association of Petroleum Geologists 
Bulletin v. 61, no. 3, p. 435-442. 

Schrader, F.C., 1900, Preliminary report on a reconnaissance along the Chandalar 
and Koyukuk Rivers, Alaska, in 1899: U.S. Geological Survey Twenty-first 
Annual Report, p. 441-486. 



----- 1904, A reconnaissance in Northern Alaska: U.S. Geological Survey 
Professional Paper 20, 139 p.  

Silberling, N. J., and Jones, D.L., eds., 1984, Lithotectonic terrane maps of the 
North ~merican.~ordillera: U.S. Geological Survey Open-File Report 84-523. 

Silberling, N.J., Jones, D.L., Coney, P.J., Berg, H.C., and Plafker, G., this 
volume, Lithotectonic terrane map and columnar sections for Alaska, & 
Plafker, G., Jones, D.L., and Berg, H.C., eds., Geology of Alaska: 
Geological Society of America (Boulder, Colorado), The Geology of North 
America, scale 1:2,500,000. 

Silberman, M.L., Moll, E.J., Chapman, R.M., Patton, W.W., Jr., and Connor, C.L., 
1979a, Potassium-argon age of granitic and volcanic rocks from the Ruby, 
Medfra, and adjacentquadqingles, west-central Alaska: U.S. -Geological 
Survey Circular 004-8, p. B6J-B66,  -'-. 

Silberman, M.L., Moll, E. J., Patton, W.W., Jr., Chapman, R.M., and Connor, C.L., 
1979b, Precambrian age of metamorphic rocks from the Ruby province, Medfra,;., 
and Ruby quadrangles - preliminary evidence from radiometric age data: U.S. 
Geological Survey Circular 804-B, p. B66-B68. 

Smith, G.M., and Puchnez, C.M., 1985, Geology of the Ruby geanticline between Ruby 
and Poorman, Alaska, and the tectonic emplacement of the Ramparts Group: 
Eos (American Geophysical Union Transactions) v.  46, p 1102. 

Smith, G.M., and Rubin, C.M., 1987, Devonian-Mississippian arc from the northern 
Sierras to the Seward Peninsula--record of a protracted and diachronous 
Antler-age orogeny: Geological Society of America Abstracts with Programs 
v. 19, no. 7, p. 849. 

Smith, T.E., 1983, Bedrocks geologic map of the Livengood C-3 quadrangle, Alaska: 
Alaska Division of Geological and Geophysical Surveys Report of 
Investigations 83-5, scale 1:40,000. 

Struik, L.C., 1981, A re-examination of the type area of the Devono-Mississippian 
Cariboo orogeny, central British Columbia: Canadian Journal of Earth 
Sciences v. 18, p. 1767-1775. 

- - - - - 1987, The ancient western North American margin: an alpine rift model for the 
east-central Canadian Cordillera: Geologic Survey of Canada Paper 87-15, 19 
P. 

Tailleur, I.L., 1972, Probable rift origin o f  Canada Basin, Arctic Ocean, in 
Arctic Geology: American Association of Petroleum Geologists Memoir 19, p. 
526-535. 



Tailleur, I.L., and Brosgh, W.P., 1970, Tectonic history of northern Alaska, 
Adkinson, W.L., and BrosgB, M.M., eds., Proceedings of the geological 
seminar on the North Slope of Alaska: American ~ssociation of Petroleum 
Geologists, p. El-E20. 

 emp pel man-Kluit, D.J., 1971, Stratigraphy and structure of the "Keno Hill 
Quartziten in Tombstone River-Upper Klondike River map areas, Yukon 
~erritory: Geological Survey of Canada Bulletin 180, 102 p. 

----- 1977, Stratigraphic and structural relations between the Selwyn basin, Pelly- 
Cassiar platform, and Yukon crystalline terrane in Pelly Mountains, Yukon: 
Geological Survey of Canada Paper 77-IA, p. 223-227. 

----- 1979, Transported cataclasite, ophiolite, and granodiorite in Yukon: Evidence 
of arc-continent collision: Geological Survey of Canada Paper 79-14, 27 p. 

'- 
% 

----- 1984, Counterparts of ~laska's tzr%aiies in Yukon [Abs.], in Symposium-- 
Cordilleran geology and mineral exploration status and future trends: 
Geological Association of Canada Cordilleran Section (Vancouver, B.C., 
Canada, Feb. 20-21, 1984), p. 41-44. 

. &*4 

Thompson, R.I., and Eisbacher, G.H., 1984, Late Proterozoic rift assemblages, 
northern Canadian Cordillera: Geological Society of America Abstracts with 
Programs v. 16, no. 5, p. 336. 

Thompson, R.I., ~ercier, E., and Roots, C.F., 1987, Extension and its influence on 
Canadian Cordilleran passive-margin evolution, in Coward, M.P . , Dewey, J .F., 
and Hancock, P . L., eds . , Continental extensionaltectonics : Geological 
Society Special Publication No. 28, p. 409-417. 

Thompson, R.I., and Roots, C.F., 1982, Ogilvie Mountains project, Yukon, part A: A 
new regional mapping program, Current Research, part A: Geological 
Survey of Canada Paper 82-lA, p. 403-411. 

Thrupp, G.A., and Coe, R.S., 1986, Paleomagnetic evidence for counter-clockwise 
rotation of west-central Alaska since the Paleocene [abs.]: Eos (American 
Geophysical Union Transactions) v .  67, no. 44, p. 921. 

Till, A. B., Schmidt, J.M., and Nelson, S . W., 1987, Thrust-involvement of 
Proterozoic and Uesozoic metamorphic rocks, southwestern Brooks Range, 
Alaska: Geological Society of America Abstracts with Programs v. 19, no. 6, 
p. 458. 

Turner, D.L., Forbes, R.B., and Dillon, J.T., 1979, K-Ar geochronometry of the 
southwestern Brooks Range, Alaska: Canadian Journal of Earth Sciences v. 
16, p. 1789-1804. 

Wahrhaftig, C., this volume, Physiographic divisions of Alaska, & Plafker, G., 
Jones, D.L., and Berg, H.C., eds., Geology of Alaska: Geological Society of 
America (Boulder, Colorado), The geology of North America, v.  -, 1 sheet, 
scale 1:2,500,000. 



Weber, F .R., and Foster, H.L., 1982, Tertiary ( ? )  conglomerate and Quaternary 
faulting in the Circle quadrangle, Alaska: U . S .  Geological Survey Circular 
8 4 4 ,  p. 58-61. 

Weber, F.R., Smith, T.E., Hall, M.H., and Forbes, R.B., 1985, Geologic guide to 
the Fairbanks-Livengood area, east-central Alaska: Anchorage, Alaska 
Geological Society, 44 p. 

Weber, F.R., Wheeler, K.L., Dover, J.H., Rinehart, C.D., Blodgett, R.B., Cady, 
J.W., Karl, S.M., Mc Cammon, R.B., and Miyaoka, R., 1988, Geologic 
framework, Weber, F.R., McCamrnon, R.B., Rinehart, C.D., and Light, T.D., 
Geology and mineral resources of the white  ~ountain ~ational "ecreation 
Area, east-central Alaska: O.S. Geological Survey Open-File Report 88-284, 
p 4-58. 

e 
-C_ 

Wheeler-Crowder, K.L., Forbes, R.B.', WeBer, F.R., Rinehart, C.D., 1987, 
~ithostratigraphy of the Ordovician Fossil Creek volcanics with petrology 
and geochemistry of included metabasaltz, white Mountains, east-central 
Alaska: U.S. Geological Survey Circular 998, p. 70-73. 

t-** 

Williams, G.D., 1985, Thrust tectonics in the south-central Pyrenees: Journal of . 
Structural Geology v. 7, no. 1, p.11-17. 

Young, F.G., 1973, Mesozoic epicontinental, flyschoid and molassoid depositional 
phases of Yukon's north slope, in  itk ken, J.D., and Glass, D.J., eds., 
Proceedings of the Symposium on the geology of the Canadian Arctic: 
Geological Association of Canada and the Canadian Society of Petroleum 
Geologists, p. 181-202. 

Young, G.M., 1982, The late Pzoterozoic Tindir Group, east-central Alaska: 
Evolution of a continental margin: Geological Society o f  America Bulletin 
v. 93, no. 8, p. 759-783. 


