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I n t roduc t i on  

East-centra l  Alaska as described i n  t h i s  volume (Fig. 1)  i s  a 

F igure 1 here. 

phys iograph ica l l y  d i ve rse  reg ion  which inc ludes a1 1 o r  pa r t s  o f  the f o l l o w i n g  
physiographic d i v i s i o n s  (Wahrhaftig, 1965): Northern F o o t h i l l s  ( o f  the  Alaska 
Range), Alaska Range ( n o r t h  o f  the northernmost s t rand o f  the Denal i  f a u l t  
system), Tanana-Kuskokwim Lowland, Northway-Tanacross Lowland, and the  Yukon- 
Tanana Upland. The Northern F o o t h i l l s  a re  l a r g e l y  r o l l i n g  h i l l s  i n  
Ple is tocene g l a c i a l  deposi ts  and d issected T e r t i a r y  nonmarine sedimentary 
rocks. The inc luded p a r t  o f  the Alaska Range i s  composed o f  h i g h l y  d issected 
te r ranes o f  metamorphic rocks which have been i n t ruded  by Cretaceous and 
T e r t i a r y  igneous rocks. Mountain peaks reach a l t i t u d e s  as h igh  as 4,000 m, 
and r e l i e f  i s  commonly more than 1,000 m. G lac ie rs  have carved a rugged 
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topography. The Tanana-Kuskokwim Lowland i s  covered w i t h  t h i c k  g l a c i a l ,  
a1 l u v i a l  , and w i  nd-blown deposits,  The Northway-Tanacross Lowland cons is ts  o f  
th ree  small basins mantled, w i t h  outwash gravel,  s i l t ,  sand, and morainal 
deposits.  The Yukon-Tanana Upland, t he  1  argest  o f  the physiographic 
d i v i s i ons ,  cons i s t s  o f  mature ly  d issected h i l l s  and mountains w i t h  a l t i t u d e s  
as h igh  as 1,994 m, and r e l i e f  ranging from a few t o  hundreds o f  meters. Some 
o f  the h ighes t  areas supported small a l p i n e  g l a c i e r s  du r ing  the Pleistocene 
and rugged topography resu l  t ed  l o c a l  ly. 

With the except ion o f  the Alaska Range, outcrops i n  eas t -cent ra l  Alaska 
are  commonly w ide ly  sca t te red  and small due t o  extensive s u r f i c i a l  deposi ts  
and vegetat ion. The vegetat ion ranges from heavy spruce forests a long l a r g e  
streams t o  tundra a t  e leva t ions  o f  approximately 1,000 m. The reg ion  i s  
l a r g e l y  i n  the zone o f  discont inuous permafrost. Most o f  the l ow- l y ing  areas, 
as we l l  as the h igh  mountain areas, are i n  t he  permafrost regime. Some areas, 
most ly  in termediate i n  e leva t ion ,  are permafrost free. 

East-centra l  Alaska i s  composed o f  a  number o f  accreted te r rane (Jones 
and others,  1984) which have cont inenta l ,  oceanic, and poss ib l y  i s land-arc  
a f f i n i t i e s .  The 1  arges t  terrane,  the Yukon-Tanana, has most ly  con t i nen ta l  
a f f i n i t i e s .  The small Seventymile terrane has oceanic a f f i n i t i e s .  The 
southern p a r t  o f  the  Yukon-Tanana terrane, which inc ludes the  Lake George, 
Macomb, and J a r v i s  Creek Glac ie r  terranes ( o r  subterranes) o f  the Mount Hayes 
quadrangle, may have is land-arc a f f i n i t i e s  ( G i l b e r t  and Bundtzen, 1979; 
Nokleberg and A l e i n i k o f f ,  1985). The Hayes Glac ier  and Windy terranes i n  the 
Mount Hayes quadrangle are a l so  suggested t o  be tec ton i c  s l i c e s  o f  an i s l and -  
a rc  o r  poss ib l y  o f  a  submerged cont inenta l -margin arc  (Nokleberg and 
A l e i n i k o f f ,  1985). 

Yukon-Tanana te r rane 

The Yukon-Tanana te r rane (YT) cons i s t s  l a r g e l y  o f  the  area l y i n g  between 
the  Yukon and Tanana Rivers but,  as def ined by Jones and others (1984), does 
inc lude some o f  the  Alaska Range and i t s  f o o t h i l l s  no r th  o f  the  Denal i  f a u l t  
system. Nokleberg and A le in i ko f f  (1985), f o r  the p a r t  o f  the Mount Hayes 
quadrangle i n  the  YT, descr ibe the  Lake George terrane, which l i e s  n o r t h  o f  
the Tanana River, and the Macomb, J a r v i s  Creek Glac ier ,  Hayes Glac ier ,  and 
Windy terranes, which l i e  between the  Tanana River  and the  Denal i  f au l t .  I n  
the  contex t  o f  t h i s  paper these terranes, w i t h  the except ion o f  the Windy 
terrane,  can be considered subterranes o f  the YT (W.J. Nokleberg, personal 
commun., 1984). I n  the  Healy, Mount McKinley, and Kantishna quadrangles 
iso la ted ,  probably fault-bounded exposures o f  rocks have been inc luded i n  the  
Yukon-Tanana terrane. For ease i n  d iscussion o f  s t ra t i g raphy  and s t ruc tu re ,  
the Macomb, J a r v f s  Creek Glac ier ,  Hayes Glac ier ,  and Windy terranes and the  
areas t o  the  southwest and southeast o f  them w i l l  be discussed separate ly  from 
t h e  p a r t  o f  t he  Yukon-Tanana te r rane between the  Yukon and Tanana Rivers. 
This  l a r g e s t  p a r t  o f  the Yukon-Tanana te r rane n o r t h  o f  the Tanana River  w i l l  
be r e f e r r e d  t o  i n  the  remainder o f  t h i s  chapter as the  YTTN. The eastern YTTN 
a l s o  inc ludes  the small extension i n t o  Alaska o f  the S t i k i n i a  te r rane (Jones 
and others,  1984), which i s  inc luded as p a r t  o f  t he  Yukon-Tanana te r rane i n  
t h i s  paper. 



Yukon-Tanana te r rane n o r t h  o f  the Tanana River  

The YTTN has been r e f e r r e d  t o  as the  Yukon-Tanana reg ion  (Mert ie,  1937),  
the  Yukon-Tanana upland (Foster  and others, 1973), and the Yukon C r y s t a l l i n e  
Terrane (Tempelman-Kluit, 1976; Churkin and others, 1982). I t  i s  nea r l y  
co inc iden t  w i t h  the p rev ious l y  described physiographic d i v i s i o n  c a l l e d  the 
Yukon-Tanana Upland. The YTTN i s  p r i m a r i l y  a terrane o f  q u a r t z i t i c ,  p e l i t i c ,  
c a l c i c ,  and mafic metasedimentary rocks w i t h  some mafic and f61sic  metaigneous 
rocks t h a t  have been ex tens i ve l y  in t ruded by Mesozoic and Cenozoic g r a n i t i c  
rocks and minor amounts o f  in termediate and mafic rocks. Cretaceous and 
Cenozoic volcanic rocks are abundant i n  the  eastern par t .  Late Cretaceous and 
T e r t i a r y  sedimentary rocks were deposited i n  small widely  separated nonmarine 
basins. The YTTN has been considered a composite terrane by Churkin and 
o thers  (1982), and many problems r e l a t e d  t o  i t s  complex geologic h i s t o r y  are 
as y e t  unresolved. 

S t ra t ig raphy 
Metamorphic rocks 

The geology o f  the YTTN was repor ted upon by J. B. Mer t i e  (1937) and the  
s t r a t i g r a p h y  was described i n  some d e t a i l .  Mer t i e  inc luded many o f  t he  
metamorphic rocks i n  the now-abandoned Precambrian B i r c h  Creek Schist ,  and 
even tua l l y  most o f  the  metamorphic rocks o f  eas t -cent ra l  Alaska became 
inc luded i n  t h i s  formation. Because usage o f  the name B i r c h  Creek Sch is t  
became so broad, and p a r t s  o f  the  format ion were found t o  be younger than 
Precambrian, the name l o s t  usefulness, and i n  1973 Foster and others 
recommended t h a t  i t  be abandoned. I n  recent  reconnaissance geologic mapping 
the metamorphic rocks have been d i v ided  i n t o  many u n i t s ,  b u t  because o f  the 
l ack  of in fo rmat ion  on age and s t r u c t u r a l  re la t i onsh ips ,  few new formations 
have been fo rma l l y  named and described. 

The metamorphic rocks w i t h i n  the YTTN vary  i n  such aspects as composit ion 
and o r i g i n  o f  p r o t o l i t h s ,  present  l i t h o l o g y ,  s t ruc tu re ,  and metamorphic 
h i s t o r y .  On the bas is  o f  these c h a r a c t e r i s t i c s  and o ther  data, Churkin and 
o thers  (1982) d i v ided  the  YTTN i n t o  4 subterranes ( Y 1  t o  Y4). Although 
s t r u c t u r a l  d e t a i l s  and s t r a t i g r a p h i c  r e l a t i o n s h i p s  are poo r l y  known, these 
subd iv is ions  are usefu l  f o r  d e s c r i p t i v e  purposes and f o r  d iscussion o f  
reg iona l  re la t i ons .  These subterranes are used, w i t h  minor mod i f i ca t ions ,  i n  
t h i s  chapter f o r  d iscussing the metamorphic rocks o f  the  YTTN (Fig.  1, Table 
1). 

Table 1 here. 



tab le  1.--Subttrranes o f  the Yukon-Tbnana terrane nor th  of the tanana River ( Y T T N ~  

Inc 1 uded 
map u n i t s  Metamorphic D i s t i nc t f ve  Age of 

Subtcrimane (Fiq. 2) L+thology facie$ charac ter is t i cs  pro to l  i t h  

yl  a g Gneiss, schlst. Amph~boli te . k g e n  gneiss comnon; Mississtppian 
( Includes Lake m p h i b l i t e ,  ' (moderate marble and other and pre-Hissf s- 
6eorge t c r r rne )  pubr tz i  t e  pressure) cr lcrreous tocks s i  ppl an 

rare o r  absent 
--. 

r2 99 Quartzite and pua r t z t t l c  Greenschist Q u a r t r i t e  and quart- Unknown, may be 
sch is t  w i t h  m a l l  (moderate z i t i c  sch is ts  which ea r l y  Paltozoic 
amounts o f  pel + t i c  schist. pressure) a r t  c o ~ l o n l y  recrys- 
c a l c - s i l i c r t e  rocks. mafic t a l i  zed myloni ter  
schist ,  m d  ra re  marble w i th  megacryrtr o f  

quartz rnd(or)  feldspar 

P I  P e l i t i c  schist ,  quartz i te,  knph4bol i t t  S i l l iman i te  rnd  kya- Unknown, may be 
marble. and rmphibol i te (moderatc n i te-bear ing pcl  l t i c  ea r l y  o r  middle 

pressure) schists Paleozoic 

ec Eclogi tt, amphf bol i tt pel- Amphibol i t e  Occurrence o f  u l o g f  t e  Unknown 
l t i c  sch is t ,  and msf ic ' (h igh and o f  glaucophane 
g l  aucophanc-bearing pressure) i n  a a f i c  schists 
$Chist 

t 3  I S  
Mylon i t i c  schist ,  semi- Greenschist 

schist .  quartz-white mica (nodcrate 
c h l o r i t e  schist .  quart- pressure) 
z l te ,  and minor phy l l l t e ,  
marble. and greenstone 

Calcareous phyl 1 i t e  , phyl - LO* qrten- 
l i t e  r a r b l t .  quartz i te.  sch i s t  
and r r g i l l  i t e  

Greenschi st, cr lcarcous Greenschist 
greenschi s t .  quartz- 
c h l o r i t e  whi te mica 
schist ,  w r b l e .  green- 
stone, quar tz i te  

k a r t z - c h l o r i  t e  *hi te -  Greenrchi s t  
a lca  sch is t  w i t h  minor 
quartz i te,  phy l l  i te .  m d  
metrvolcrnic rocks 

Quar tz i te  w i th  minor phyl- Greenschist 
l i t e ,  crrbonaceous quartz 
sch i s t  rnd graph i t i c  
sch i s t  

14 9s Quar t z i t i c  and pel i t l c  hph ibc r l i t e  
gneiss and schist ,  quart- 
z i te ,  w r b l e  and arphi-  
bol t t e  

L ight  greenish-gray Unknown, may be 
color  characteris- Carboniferous or  
t i c .  Abundant mylon- middle Paleozoic 
i t i c  schists 

Calcareous p h y l l l t e  Unknown. may b? 
wi th  thin-crumbly ea r l y  o r  middle 
layers. Wertherr Paleozoic 
leaving a l a g  gravel 
o f  hi t e  quartz on sur- 
face. 6ray and dark-gray 
quartz i  t e  and a r g l l l i t e  
over1 i e  calcareous 
phy l l  i tt 

Abundant layers and Paleozoic; 
lenses of marble; W~!Y 
some sch ls t r  contain Missrssip- 
regacrysts o f  quartz p ian 
and(or) feldspar 

k r b l e  layers rare  t o  Unknown, pre- 
absent. L igh t  green sumably middle 
color  character is t ic .  o r  l a t e  Paleo- 
Sane schists have zoi c 
wgacrysts o f  quartz 
and(or) feldspar 

Overal l  dark gray Unknown, pro b- 
co lo r  t ha rac te r i s t i c ;  ably Paleozoic 
dark gray quar tz i te  
dominant rock type 

Thick masses and Probably Palco- 
layers o f  coarsely zoic 
c r y s t a l l i n e  marble. 
Quartz-biot i  te-hornblende 
gneiss r tharac tc r i  s t i c  
and coraron rock type 



Subterrane Y1 (nor theastern Mount Hayes, southern B ig  Del ta,  southwestern 
Eagle and nor thern  Tanacross quadrangles). 

This  i s  the  l a r g e s t  and southernmost subterrane o f  the YTTN (Fig.  1). 
The p a r t  o f  t h i s  subterrane i n  the  Mount Hayes quadrangle has been termed the 
Lake George te r rane (Nokleberg and others,  1983). The southern boundary o f  Y1 
i n  t h e  Mount Hayes quadrangle ( t h e  southern boundary o f  the  Lake George 
te r rane)  i s  the l a r g e l y  concealed Tanana River f a u l t  (Nokleberg and A l e i n i  k o f f  
(1985), and an extension o f  t h i s  o r  a d j o i n i n g  f a u l t s  probably forms the  
southern Y boundary elsewhere. The nor thern  boundary o f  Y i s  probably a t b t h r u s t  fau t. The rocks are a l l  metamorphosed t o  t he  amphi o l i t e  fac ies,  
probably a t  in termediate pressures. P ro to l  i ths  p r i m a r i l y  were q u a r t z i  t i c  and 
p e l  i t i c  sedimentary rocks and f e l  s i c  i n t r u s i v e  rocks w i t h  some intermediate 
and mafic i n t r u s i v e  and volcanic rocks. Calcareous rocks, r a r e  t o  absent i n  
the eastern p a r t  o f  Y1, occur i n  very  minor amounts i n  the  western p a r t  o f  
Y1. P e l i t i c  rocks are  more abundant i n  the western p a r t  o f  Y1 and quartzose 
rocks predominate i n  the  eastern p a r t  o f  Y1. The dominant rock types i nc lude  
q u a r t z - b i o t i t e  gneiss and sch i s t ,  s i l l i m a n l t e  gneiss, qua r t z i t e ,  amphibol i te,  
and orthogneiss ( u n i t  ag, Fig. 2) i n c l u d i n g  augen gneiss. 

F igure 2 here. 
-. -- - 

Augen gneiss, a w ide ly  d i s t r i b u t e d  and c h a r a c t e r i s t i c  rock type having a 
g r a n i t i c  composit ion and b l a s t o p o r p h y r i t i c  texture,  occurs p r i m a r i l y  eas t  o f  a 
major high-angle f a u l t ,  the Shaw Creek f a u l t  (F ig.  1) (Dusel-Bacon and 
A l e i n i  k o f f ,  1985). Large augen (megacrysts o r  porphyroblasts)  o f  potassium 
fe ldspar  range from 1 t o  9 cm i n  longest  dimension and have been modi f ied  i n t o  
augen by my lon i t i za t i on .  These augen gneisses, occu r r i ng  i n  the  B ig  Delta, 
Eagle, Mount Hayes, and Tanacross quadrangles, a re  considered t o  be a p a r t  o f  
deformed and metamorphosed i n t r u s i o n s  o f  p o r p h y r i t i c  g ran i te .  Dusel-Bacon and 
A l e i n i  k o f f  (1985) pos tu la ted  t h a t  these and s i m i l a r  augen gneisses and o the r  
orthogneisses i n  the  Yukon T e r r i t o r y  are p a r t  o f  an i n t r u s i v e  b e l t  which 
extends from the c e n t r a l  p a r t  o f  the B ig  Del ta quadrangle i n  eas t -cent ra l  
Alaska i n t o  the Yukon T e r r i t o r y .  Most o f  these augen gneisses were inc luded 
i n  the P e l l y  Gneiss o f  McConnell (1905); Mer t ie  (1937) used the term P e l l y  
Gneiss f o r  the  augen gneisses i n  eastern Alaska but  d i d  n o t  map them 
separate ly  from the B i r ch  Creek Schist ,  Other types o f  augen gneiss a l so  
occur i n  minor amounts i n  subterrane Y . 

S i l l  imani te gneiss i s  a major rock type around the avgen gneiss i n  the 
B ig  De l ta  quadrangle and occurs i n  a l a r g e  area which has been i n t e r p r e t e d  as 
a gneiss dome (Dusel -Bacon and Foster, 1983) on the northwest s ide  o f  the Shaw 
Creek f a u l t  (Fig. 1). Metamorphic grade (second s i l l  imani t e  isograd)  i s  
h ighes t  i n  the c e n t r a l  p a r t  o f  the gneiss dome and decreases northward. 
T r i p l e  p o i n t  cond i t i ons  f o r  alumina s i l  i c a t e  minera ls  a re  pos tu la ted  fo r  the  
s c h i s t  on the n o r t h  f l ank  o f  the gneiss dome. The gneiss dome i s  most ly  
quartz-orthoclase~plagioclase-biotite-sil1imanite 2 muscovite gneiss. 
C o r d i e r i t e  occurs i n  some o f  the gneisses. To the n o r t h  muscovite g radua l l y  
increases and K-feldspar decreases, North o f  the  Salcha R iver  t he  p e l i t i c  
rocks a re  i n te r l aye red  w i t h  q u a r t z i t i c  sch i s t ,  qua r t z i t e ,  marble, amphibole 
sch i s t ,  and quar tzo fe ldspath ic  sch i s t .  

The rocks o f  subterrane Y1 a re  we l l  f o l i a t e d ,  and f o l i a t i o n  i s  fo lded a t  
l e a s t  once. Gneissic banding 1s we l l  developed i n  the  augen gneiss and i s  
concordant w i t h  the f o l i a t i o n  i n  the surrounding metamorphic rocks (Dusel- 
Bacon and A l e i n i k o f f ,  1985). F o l i a t i o n  i s  p l a s t i c a l l y  fo lded i n  t he  gneiss 





Figure 2.  



dome and some o ther  gneisses. Most o f  the rocks show vary ing  degrees o f  
myloni t i z a t i o n  and post-myloni t i z a t i o n  r e c r y s t a l  1 i za t i on .  I n  the  Lake George 
te r rane (Mount Hayes quadrangle) A1 e i  n i  k o f f  and Nokleberg (1985) described 
small -scale i s o c l i n a l  f o l d s  i n  pe l  i t i c  sch i s t ;  a x i a l  planes para1 l e l  f o l i a t i o n  
and composit ional l a y e r i n g  b u t  f o l d  an o l d e r  f o l i a t i o n .  A l i n e a t i o n  formed by 
the i n t e r s e c t i o n  o f  the  axes o f  small t i g h t  fo lds w i t h  f o l i a t i o n s  occurs 
l o c a l l y  i n  augen gneiss i n  the B ig  Del ta quadrangle and i s  e s p e c i a l l y  we l l  
developed i n  the  nor theastern Tanacross quadrangle. 

The o n l y  in fo rmat ion  on the age o f  the p r o t o l i t h s  o f  the metamorphic 
rocks i n  subterrane Y1 comes from U-Pb da t i ng  o f  zircon. U-Pb analyses o f  
z i r c o n  from medium-grained schis tose g r a n i t i c  rock from the Mount Hayes 
quadrangle i n d i c a t e  a Devonian i n t r u s i v e  age, about 360 Ma ( A l e i n i k o f f  and 
Nokleberg, 1985a). Deta i led  study o f  augen gneiss from the B ig  Del ta 
quadrangle i nd i ca tes  an i n t r u s i v e  age o f  Miss iss ippian,  about 345 Ma (Dusel- 
Bacon and A l e i n i k o f f ,  1985). U-Pb analyses o f  z i r c o n  from augen gneiss i n  the 
Tanacross quadrangle ( A l e i n i k o f f  and others,  1986) and a l so  o f  augen gneiss i n  
the  southeastern Yukon T e r r i t o r y  (Mortensen, 1983) i n d i c a t e  a Miss iss ipp ian  
i n t r u s i v e  age. The paragneisses, sch is ts ,  and q u a r t z i t e s  o f  subterrane Y1 a re  
i n t e r p r e t e d  as wa l l  rocks o f  the orthogneisses; there fore  they are 
Miss iss ipp ian  o r  o l d e r  i n  the  B i g  Delta, Eagle, and Tanacross quadrangles and 
Devonian o r  o lde r  i n  p a r t s  o f  the Mount Hayes quadrangle, An e a r l y  Paleozoic 
age seems 1 i k e l y  f o r  most o f  them, bu t  a Precambrian age f o r  a t  l e a s t  some 
cannot be r u l e d  out. Both the augen gneiss and some q u a r t z i t e s  are  shown by 
U-Pb analyses o f  z i rcons  t o  have an i n h e r i t e d  Ear l y  Proterozoic component (2.1 
t o  2.3 Ga) ( A l e i n i k o f f  and others, 1986)87 Thesor ig in o f  t h i s  Proterozoic 
ma te r i a l  i s  unknown, bu t  a h igh  i n i t i a l  S r /  S r  r a t i o  i n  the  augen gneiss 
supports p e t r o l o g i c  i n d i c a t i o n s  o f  involvement o f  con t i nen ta l  c r u s t a l  ma te r i a l  
i n  the format ion o f  these rocks    us el-~acon and A l e i n i k o f f ,  1985). 

Deformed and r e c r y s t a l  1 i zed  u l  t ramaf ic  rocks i n  i s o l a t e d  outcrops ( too  
small t o  be shown i n  Figure 2 )  are i n f o l d e d  w i t h  gneisses and s c h i s t s  o f  
subterrane Y1; most a re  concentrated i n  the south-centra l  and southeastern B ig  
Del t a  and southwestern Eagle quadrangles. L o c a l l y  preserved tex tu res  i ndica te  
t h a t  some o f  the u l  t ramaf ic  rocks were o r i g i n a l l y  p e r i d o t i t e  (harzburgi  te ) .  
In tense r e c r y s t a l l i z a t i o n  has formed elongate o r i en ted  o l i v i n e  w i t h  pods o f  
g ranu lar  magneti te as l ong  as 5 cm. Other metamorphic minera ls  inc lude 
hornblende, a c t i n o l  i te,  serpent ine, c h l o r i t e ,  t a l c ,  anthophyl l  i te ,  and 
magnesi te. The u l  t ramaf ic  rocks probably composed a t h r u s t  sheet over p a r t  o f  
subterrane Y e a r l y  i n  t he  development o f  t he  subterrane and were 
metamorphose 1 and deformed w i t h  the rocks o f  subterrane Y1. 

The metamorphic h i s t o r y  o f  subterrane Y i s  n o t  known i n  d e t a i l .  
Nokleberg and A l e i n i k o f f  (1985) i n t e r p r e t e d  1 h a t  the subterrane i n  the Mount 
Hayes quadrangle (Lake George te r rane)  was i n tense ly  deformed and r e g i o n a l l y  
metamorphosed a t  l e a s t  once, and more 1 i k e l y  twice, a t  cond i t i ons  o f  the 
middle amphibol i te  fac ies.  Then, du r ing  a l a t e  stage o f  t he  second reg iona l  
metamorphism and deformation, the Lake George te r rane was in t ruded by 
Cretaceous g r a n i t i c  rocks , which were subsequently metamorphosed, a1 ong w i  t h  
the o l d e r  w a l l  rocks, under cond i t i ons  o f  the  lower greenschist  fac ies.  The 
metamorphic h i s t o r y  o f  subterrane Y1 i n  t he  B i g  Delta, Eagle, and Tanacross 
quadrangles i s  based l a r g e l y  on the study o f  the augen gneiss, adjacent wa l l  
rocks, and the  gneiss dome, Dusel-Bacon and A l e i n i k o f f  (1985) suggested t h a t  
major amphi bo l  i te - fac ies  metamorphism and deformation may have c l o s e l y  
fo l lowed i n t r u s i o n  o f  the  augen gneiss, on the bas is  o f  s t r u c t u r a l  
c h a r a c t e r i s t i c s  o f  the augen gneiss and l i m i t e d  i s o t o p i c  data on wa l l  rocks. 



An Early Cretaceous thermal event caused lead loss in the U-rich zircon 
fractions from siltimanite gneiss and quartz i te  and  also affected Rb-Sr and K- 
Ar isotopic systems (Aleinikoff and others, 1986; Wilson and others, 1985). 
I f  temperatures only reached greenschist facies in subterrane Y1, they would 
have produced minor retrograde effects. However, i f  amphi bol i te-facies 
temperatures were reached, the effects might not be detected because the rocks 
were a1 ready metamorphosed t o  amphi bol i te faci es. The only recognized 
petrologic changes t h a t  can be attributed to this  Early Cretaceous 
metamorphism outside of the Mount Hayes quadrangle are minor, and no younger 
metamorphic events have been identified. 

Nokl eberg and Aleini koff  (1985) interpreted the Lake George terrane and 
other terranes to the south as shallow to deep parts of a submarine igneous 
arc of Devonian age. They considered the possibilities of either an island- 
arc or submerged continental margin arc. Dusel -Bacon and A1 eini koff (1985) 
suggested that a Mississippian be1 t of  intrusions developed either below or 
inland from a continental arc, and  t h a t  in the l a t t e r  case, the belt o f  augen 
gneiss plutons could be analogous t o  be1 t s  o f  peraluminous plutons t h a t  occur 
inland from continental margins in some orogenic belts. 

Subterrane Y p  (Circle, northern Big Delta, southwestern Charley River, 
Livengood, and Fairbanks quadrangles) 

The Y subterrane is  bounded o n  the north by the Tintina fault system and 
on the sou I h and west by thrust faults;  the eastern boundary i s  obscured by 
Mesozoic granitic plutons. The western fault contact i s  considered as the 
terrane boundary of the YT (Laird and Foster, 1984; Foster and others, 
1983). Subterrane Y i s  composed o f  three fairly distinct groups of rocks: 
one group (unit q q ,  f ig. 2 )  consists mostly of quartzites and quartz schists 
o f  greenschist to amphibolite facies and has been referred t o  informally as 
the Fairbanks schist unit i n  the Fairbanks quadrangle (Bundtzen, 1982); the 
second group (unit ps, Fig. 2 )  consists of amphibol i te t o  epidote-amphi bol i te- 
facies schist,  quartzite, marble, and amphibolites, some of which has been 
included in the Chena River sequence (Hall and  others, 1984). These two 
groups of  rocks are in thrust contact as indicated by sharp lithologic changes 
and their map patterns, b u t  thrusting occurred before major metamorphism 
because metamorphic isograds do not follow the unit contacts ( ~ o s t e r  and 
others, 1983). A third group of thrust-bounded rocks (unit ec, Fig. 2 )  occurs 
i n  the southwestern Circle and southeastern Livengood quadrangles and consists 
of eclogite associated w i t h  amphibol i t e ,  impure marble, pel i t i c  schist,  and 
rare gl aucophane-bearing schist. These rocks, referred to as  the Chatani ka 
terrane by Bundtzen (1982), probably had a metamorphic and deformational 
history different from t h a t  of the remainder of subterrane Y2 before they were 
thrust together. 

Quartti te  and quartzitic schists (unit qq)  

This group of rocks crops out over about half o f  the Circle quadrangle 
and occurs in the Fairbanks and Livengood quadrangles. Quartzite and 
quartzitic s c h i s t  are the most abundant rock types in this  unit, b u t  minor 
amounts o f  pel i t i c  schist,  calc-sil icate rocks, mafic schist,  and rare marble 
are interlayered. In the Circle quadrangle, quartzite and quartzitic schist 
are f ine  to coarse grained and equigranular or fine to coarse grained with 
rare to abundant megacrysts of quartz and less abundant feldspar, ranging from 
less t h a n  a millimeter to over a centimeter i n  diameter. Megacrysts are 



c1 ear, white, gray, blue-gray, o r  black, and may be s t ra ined  monocrystal 1  i n e  
o r  p o l y c r y s t a l l i n e  grains. The m a t r i x  i s  genera l l y  a mosaic o f  s t ra ined  
quartz,  minor fe ldspar  and whi te mica. Local ly ,  c h l o r i t e ,  b i o t i t e ,  and small 
garnets a re  present. Most o f  these rocks are  myloni tes ( ~ i s e  and others, 
1984) ; many show syntectonic  r e c r y s t a l  1  i z a t i o n  i n  quartz,  e s p e c i a l l y  near 
f a u l t  contac ts  (Foster  and others,  1983). 

M y l o n i t i z a t i o n  i s  p a r t i c u l a r l y  ev ident  along the northwestern margin o f  
t h i s  u n i t .  Foster and o thers  (1983) and L a i r d  and Foster (1984) i n t e r p r e t e d  
t h i s  as a major zone o f  t h rus t i ng ;  however, some workers (Ha l l  and others,  
1984) considered the  northwestern contac t  o f  t h i s  u n i t  t o  be gradat ional  w i t h  
a  g r i t  u n i t  o f  the Wickersham ter rane o f  Jones and others (1984). A small 
area o f  " g r i t "  and q u a r t z i t e  i n  the  south-centra l  p a r t  o f  t he  C i r c l e  
quadrangle was i n t e r p r e t e d  as a  window i n  the t h r u s t  sheet o f  t h i s  u n i t  
(Foster  and others, 1983). 

Q u a r t z i t i c  rocks are  i n te r l aye red  w i t h  minor amounts o f  p e l i t i c  s c h i s t  
(quar tz  + p lag ioc lase + muscovite + c h l o r i t e  s c h i s t  commonly w i t h  b i o t i t e  + 
garnet  o r  w i t h  c h l o r i t o i d  + garnet).  Garnet i s  absent i n  the nor thern  p a 6  o f  
t h i s  u n i t .  Rare, t h i n  marFle l aye rs  occur. C h l o r i t e  sch i s t ,  l o c a l l y  
magnetic, i s  i n t e r l a y e r e d  and i n f o l d e d  w i t h  q u a r t z i t e  and p e l i t i c  sch is t .  
I n t e r p r e t a t i o n  o f  aeromagnetic data (Cady and Weber, 1983) suggests t h a t  
magnetic c h l o r i t e  sch is ts ,  which are  a poo r l y  exposed u n i t ,  may be more 
abundant than i s  apparent from outcrops i n  t he  southwestern p a r t  o f  t he  C i r c l e  
quadrangle. 

A maf ic  s c h i s t  i s  the dominant rock type i n  a  190-km2 area i n  the east-  
c e n t r a l  p a r t  o f  t he  C i r c l e  quadrangle. Green chlorite-quartz-carbonate s c h i s t  
genera l l y  w i t h  abundant p lag ioc lase porphyroblasts i s  i n te r l aye red  w i t h  
amphibole (commonly a c t i n o l  i t e )  + c h l o r i t e  + epidote + p lag ioc lase + quar tz  + 
sphene + b i o t i t e  o r  whi te mica + carbonate + garnet sch is t .  The p r o t o l  i t h  may 
have been, i n  par t ,  maf ic  p y r o c i a s t i c  rocks. Minor marble, qua r t z i t e ,  and 
p e l i t i c  s c h i s t  a re  i n te r l aye red  w i t h  the maf ic  s c h i s t  (Foster  and others, 
1983). 

The westernmost metamorphic rocks o f  the Yukon-Tanana te r rane form the  
u n i t  "qq" o f  the  Fairbanks and Livengood quadrangles (Bundtzen, 1982). 
Although poo r l y  exposed, they have been examined i n  d e t a i l .  I n  the Fairbanks 
quadrangle, t h i s  u n i t  i s  dominant ly q u a r t z i t e  and muscovi te-quar tz  s c h i s t  + 
garnet,  b i o t i t e ,  and c h l o r i t e .  It i s  est imated t o  be over 1,000 m t h i c k  ( g a l l  
and others,  1984). I n t e r s t r a t i f i e d  near the  center  o f  t h i s  group o f  rocks i s  
a  130-m-thick sequence o f  i n t e r l e n s i n g  f e l s i c  sch is t ,  micaceous q u a r t z i t e ,  
c h l o r i t i c  o r  a c t i n o l  i t i c  sch i s t ,  g r a p h i t i c  sch i s t ,  minor metabasite, 
metarhyol i te,  c a l c - s i l  i c a t e  layers ,  banded gray marble, and q u a r t t i  t e  r e f e r r e d  
t o  i n f o r m a l l y  as t h e  Cleary sequence (Bundtzen, 1982). These rocks, 
i n t e r p r e t e d  t o  be l a r g e l y  o f  d i s t a l  vo lcan ic  o r i g i n ,  hos t  lode minera l  
occurrences i n  the Fairbanks Min ing D i s t r i c t  ( H a l l  and others, 1984). 

Four d i s t i n c t  deformational events are  recognized i n  t h i s  u n i t  i n  the 
C i r c l e  quadrangle (Cushing and Foster, 1984). The f i r s t ,  D , produced a  
pene t ra t i ve  s c h i s t o s i t y ,  S , p a r a l l e l  o r  subpara l le l  t o  gen 1 l y  d ipp ing  a x i a l  
planes o f  r a r e l y  observed l i g h t  t o  i s o c l i n a l  recumbent fo lds.  S c o m o n l y  
para1 1  e l  s  compor i t i o n r l  l a y e r i n g  and i r everywhere preva len t  i n  hhe 
metamorphic rocks. Folds associated w i t h  the  second deformational event, D2, 
a re  ub iqu i tous  and range from t i g h t  t o  i s o c l  i n a l  w i t h  rounded and chevron fo ld  
hinges. Amp1 i tudes and wavelengths range from microscopic t o  several 
meters. A second s c h i s t o s i  ty, S2, developed l o c a l l y  owing t o  mechanical 
r o t a t i o n  o f  S . Folds o f  the  t h ~ r d  deformational event, D3, a r e  recumbent, 
t i g h t  t o  i soc  t i n a l .  Because f o l d  s t y l e s  and o r i e n t a t i o n s  are  very  s i m i l a r ,  



s t r u c t u r a l  features o f  D3 are  d i f f i c u l t  t o  d i s t i n g u i s h  from D . The f o u r t h  F deformational event, D4, i s  character ized by gent le  and open o lds  t h a t  deform 
a l l  prev ious s t ruc tures .  Yave lengths  and amplitudes are genera l l y  l e s s  than 
50 cm b u t  may be as l a r g e  as 5 m. 

U n i t  "qq" was subjected t o  moderate pressure greenschist - fac ies regional  
metamorphism t h a t  was more in tense i n  the  southern p a r t  o f  the  u n i t  (Foster 
and others, 1983). Polymetamorphism o f  reg iona l  ex ten t  has no t  been 
i d e n t i f i e d .  Rol led garnet and p lag ioc lase gra ins  are comnon bu t  appear t o  be 
explained by one syntectonic  growth event. Inc lus ions  o f  c h l o r i  t o i d  found 
w i th in ,  bu t  n o t  ou ts ide  of, garnet g ra ins  can be explained by progressive 
metamorphism through and above the cond i t ions  o f  c h l o r i  t o i d  s tab i  1 i t y  (Burack, 
1983). Contact-metamorphic e f f e c t s  a re  superimposed upon the  reg iona l  
metamorphism around most T e r t i a r y  p lutons;  b i o t i t e  and amphi bole have 
developed across the f o l i a t i o n  and garnet  i s  commonly a l l  o r  p a r t l y  
c h l o r i t i z e d .  

The ages o f  the p r o t o l  i ths  o f  t h i s  u n i t  a re  unknown because no f o s s i l s  
have been found. U-Pb determinat ions on z i r con  from one q u a r t z i t e  i n d i c a t e  
t h a t  the p r o t o l  i t h  inc luded ma te r ia l  from an Ear l y  Proterozoic source o f  
e s s e n t i a l l y  the  same age (2.1 t o  2.3 Ga) as t h a t  o f  subterrane Y1 (J.N. 
A l e i n i k o f f ,  personal commun, , 1983). The very l a r g e  qua r t z i  t i c  component o f  
these rocks and abundance o f  quar tz  megacrysts have l e d  some workers t o  
suggest t h a t  the p r o t o l i t h  might  have been a p a r t  o f  the Canadian Windermere 
Supergroup (F.R. Weber, persona1 commun., 1979). 

Pel i t i c  sch i s t ,  qua r t z i t e ,  marble, and amghiboli t e  ( u n i t  ps) 

These rocks are  most ly  medium- t o  coarse-grained p e l i t i c  s c h i s t  and 
gneiss w i t h  minor i n t e r l a y e r s  o f  q u a r t z i t e ,  qua r t z i  t i c  sch is t ,  marble and 
amphibol i te.  Other rocks inc luded i n  t h i s  u n i t  are augen gneiss, c a l c -  
s i l  i ca te ,  and u l  t ramaf ic  rocks. Regional metamorphism ranges from amphi bo l  i t e  
t o  epidote-amphi bo l  i t e  fac ies  ( s i l l  imani t e  + potassium fe ldspar  t o  garnet  
grade i n  p e l i t i c  s c h i s t  and gneiss) w i t h  the h ighes t  grade rocks occu r r i ng  i n  
t he  southeastern p a r t  o f  t h e  C i r c l e  quadrangle; metamorphic grade decreases 
northward and westward. A c h a r a c t e r i s t i c  mineral  assemblage o f  the h ighes t  
grade rocks i s  quar tz  + p lag ioc lase + whi te mica + b i o t i t e  + s i l l i m a n i t e  2 
potassium feldspar 2 garnet. Metamorphic grade seems t o  be c lose  t o  the  
muscovite + quar tz  s i l l i m a n i t e  + potassium fe ldspar  5 H20 isograd. Other 
pe l  i t i c  assemblages i n  the h igher  grade p a r t  o f  the u n i t  are: b i o t i t e  + 
garnet  + s t a u r o l i t e  2 kyani te;  b i o t i t e  + garnet + kyani te;  b i o t i t e  + garnet  + 
kyan i te  + s i l l i m a n i t e ;  a l l  w i t h  quar tz  + whi te mica + p lagioc lase.  Augen 
gneiss i s  most ly  a b i o t i t e  f e l  s i c  gneiss conta in ing  augen-shaped potassium 
fe ldspar  porphyroblasts. A c h a r a c t e r i s t i c  mineral  assemblage i s  potassium 
fe ldspar ,  cornonly m ic roc l  ine,  + quar tz  + p lag ioc lase + brown b i o t i t e  + wh i te  
mica. Augen are  genera l l y  composed o f  two o r  more potassium fe ldspar  
c r y s t a l s .  Va r ia t i ons  i n  t he  s i z e  o f  augen, r e l a t i v e  propor t ions  o f  major 
minera l  cons t i tuents ,  and f i e l d  re1 a t i o n s  suggest t h a t  the augen gneisses do 
n o t  a l l  have the  same o r i g i n  and t h a t  p r o t o l i t h s  probably inc lude both  igneous 
and sedimentary rocks. Some augen gneiss occurrences may be folded and 
metamorphosed s i l l s  o r  d ikes  (F.R. Weber, personal commun., 1979), b u t  o ther  
occurrences, e s p e c i a l l y  those t h a t  cap h igh  p a r t s  onl r idges,  cou ld  be t h r u s t  
remnants o f  subterrane Y . A comnon p e l i t i c  assemblage t o  the n o r t h  and west 
o f  the h ighes t  grade roc  k s  i s  quar tz  + whi te mica + b i o t i t e  + garnet  + 
c h l o r i t e  + p lagioc lase.  Maf ic  s c h i s t  i s  hornblende + p lag ioc lase + quar tz  + 
epidote - + c h l o r i t e  + b i o t i t e .  



Small sca t te red  outcrops o f  metamorphosed u l  t ramaf ic  rocks ( too  small t o  
be shown on Figure 2) c o n s i s t  main ly  o f  a c t i n o l  i t e ,  c h l o r i t e ,  serpent ine, 
magnetite, c h l o r i t e ,  t a l c ,  and magnesite. R e l i c t  o l i v i n e ,  orthopyroxene, and 
c l  i nopyroxene are  found 1 ocal l y  i n  rocks preserv ing harzburgi  t e  textures. The 
u l t r a m a f i c  rocks appear t o  occur d iscont inuous ly  a t  o r  near the edge o f  t h r u s t  
p la tes  composed o f  t h i s  u n i t .  

U n i t  'ps" appears t o  have a metamorphic and deformational h i s t o r y  s i m i l a r  
t o  t h a t  described f o r  u n i t  "qq" because isograds and f o l d s  are unre la ted  t o  
contacts between the two u n i t s .  As i n  u n i t  "qq", a l l  o f  the rocks o f  t h i s  
u n i t  a re  polydeformed, bu t  polymetamorphism o f  regional  ex ten t  has n o t  been 
i d e n t i f i e d .  However, contac t  metamorphism i s  ind ica ted  around some o f  the 
T e r t i a r y  p lu tons  where pseudomorphs o f  whi te mica a f t e r  s t a u r o l i t e  and kyan i te  . 
porphyroblasts occur. 

The age o f  the p r o t o l i t h s  o f  t h i s  u n i t  i s  unknown. A s i n g l e  U-Pb age o f  
345 + 5 Ma (Miss iss ipp ian)  (J.N. A l e i n i k o f f ,  personal commun., 1985) was 
obtaTned on z i r con  from one orthoaugen gneiss, an age s i m i l a r  t o  t h a t  obtained 
on z i r c o n  from augen gneiss i n  subterrane Y ( A l e i n i k o f f  and others, 1986). t Because t h i s  dated augen gneiss may be i n  t r u s t  contac t  w i t h  the associated 
metasedimentary rocks r a t h e r  than i n t r u s i v e  i n t o  them, i t s  age may n o t  p rov ide  
an upper c o n s t r a i n t  on the p r o t o l i t h  age o f  t h i s  u n i t .  Although younger 
p r o t o l i t h  ages cannot be r u l e d  out, e a r l y  and ( o r )  middle Paleozoic ages a re  
reasonable p o s s i b i l i t i e s  f o r  t h i s  u n i t .  

Ec logi  t e  and associated rocks ( u n i t  ec) 

The o n l y  e c l o g i t i c  rocks known i n  eas t -cent ra l  Alaska occur i n  a small 
area i n  the southwestern p a r t  o f  subterrane Y2 i n  bands and lenses 
i n t e r c a l a t e d  w i t h  amphibol i te,  impure marble, p e l i t i c  sch i s t ,  and maf ic  
glaucophane-bearing s c h i s t  (F ig ,  2). They were f i r s t  described by P r ind le  
(1913) i n  what i s  now the  southeastern p a r t  o f  the  Livengood quadrangle, bu t  
because o f  very  1 im i ted  exposure, were g iven 1 i t t l e  a t t e n t i o n  u n t i l  
rediscovered i n  the  1960's (Forbes and Brown, 1961). Swainbank and Forbes 
(1975) described t h e i r  petro logy.  E c l o g i t i c  rocks a l so  have been found i n  the 
southwestern p a r t  o f  t he  C i r c l e  quadrangle (Foster  and others, 1983). 

The e c l o g i t i c  rocks from the Livengood area cons i s t  o f  several 
combinations o f  garnet, omphaci t i c  c l  inopyroxene, amphibole, c a l c i t e ,  
phengi t i c  mica, quartz,  a1 b i t e ,  epidote, sphene, and r u t i l e  (Swainbank, in 
H a l l  and others, 1984). Bulk chemist ry  suggests t h a t  they  may have been 
der ived from marl s and graywackes. Recently, glaucophane and kyani te -  
s tau ro l  i t e - c h l o r i  t o i d  bear ing assemblages have been found (Brown and Forbes, 
1984). Pyroxene-garnet, b i o t i  te-garnet,  muscovi te-paragoni te,  and 
a luminos i l  i c a t e  data suggest c r y s t a l  1 i z a t i o n  temperatures o f  600 + 5 0 ' ~  a t  
pressures o f  13-15 kb (Brown and Forbes, 1984). These e c l o g i t e s  a re  s i m i l a r  
t o  e c l o g i t e s  from alp ine- type orogenic terranes (Group C o f  Coleman and 
others, 1965). They occur i n  northwest t rend ing  i s o c l  i n a l  recumbent f o l d s  
t h a t  have been deformed by open o r  overturned f o l d i n g  along nor theas t - t rend ing  
axes. 

E c l o g i t e  from the C i r c l e  quadrangle, which on the bas is  o f  garnet  
composit ion a l so  f a l l s  w i t h i n  Group C o f  Coleman and o thers  (1965) ,  appears t o  
be from a maf ic  l a y e r  w i t h i n  quartz + wh i te  mica + garnet  (somewhat 
ret rograded t o  c h l o r i t e )  s c h i s t  and qua r t z i t e .  Where a contac t  i s  v i s i b l e ,  
f o l i a t i o n  has the same o r i e n t a t i o n  i n  both the maf ic  and p e l i t i c  layers .  The 
maf ic  l a y e r  c u t s  across f o l i a t i o n  and i s  more massive i n  the i n t e r i o r ,  which 
suggests t h a t  i t s  p r o t o l  i t h  may have been a dike. A t y p i c a l  sample o f  the 



maf ic  l a y e r  cons i s t s  o f  garnet, omphacite, quartz,  c l inoamphibole ( b a r r o i s i t e  
t o  a lumino-bar ro is i te ) ,  cl i n o z o i s i  te ,  whi te mica, r u t i l e ,  and s u l f i d e  
( t race) .  Estimated cond i t ions  o f  metamorphism are 600' 4 50' C and 1.35 2 
0.15 GPa (Laird, Foster, a'nd Weber, 1984). 

SwaSnbank and Forbes (1975) recognized the  probable fau l  t re la t i onsh ips  
o f  the  e c l o g i t e  u n i t  es and suggested t h a t  i t  might  be a window o f  o lde r  and 

' 

more complexly metamorphosed rocks surrounded by an upper p l a t e  o f  younger, 
l e s s  metamorphosed rocks, o r  two terranes separated by a high-angle f a u l t  
system. More recent  examination o f  f i e l d  r e l a t i o n s  and f a b r i c  o r i e n t a t i o n s  
have l e d  t o  the i n t e r p r e t a t i o n  t h a t  t h i s  u n i t  forms the  upper p l a t e  o f  a 
fo lded t h r u s t  ( H a l l  and others,  1984). The e c l o g i t e  u n i t  i s  a l so  shown i n  the 
upper p l a t e  on t h e  C i r c l e  geologic  map (Foster  and others, 1983). 

Determinat ions o f  age were made by the convent ional K-Ar method on 
several micas and amphiboles+from the  ec log i te -bear ing  rocks o f  the  Livengood 
area. A minimum age o f  470 - 35 Ma, determined from an amphibole i n  ec log i  te,  
i s  i n t e r p r e t e d  t o  i n d i c a t e  an e a r l y  Paleozoic metamorphic event, probably 
associated w i t h  the e a r l y  recumbent s t y l e  o f  f o l d i n g  (Swainbank and Forbes, 
1975). Several K-Ar ages o f  103 t o  115 Ma determined from mica i n  p e l  i t i c  
s c h i s t  and garnet amphibol i te  a re  associated w i t h  a second metamorphic episode 
and f o l d i n g  about nor theast- t rending axes (Swainbank, H a l l  and others, 
1984). Because o f  the f a u l t  r e l a t i o n s  between the e c l o g i t e  u n i t  and the 
remainder o f  subterrane Y , the  e a r l y  Paleozoic rad iomet r ic  age t h a t  was . f obtained cannot be d i r e c t  y t i e d  t o  events i n  o ther  p a r t s  o f  subterrane Y o r  
YT. However, the  l a t e  event (103 t o  115 Ma) i s  most l i k e l y  the  same even f 
t h a t  i s  w ide ly  recognized throughout much o f  the YT (see Metamorphism, p. 37). 

Subterrane Y3 (Northern B i g  Del ta,  Fairbanks, southern C i r c le ,  Eagle, Charley 
River,  and eastern Tanacross quadrangles) 

Subterrane Y3 was o r i g i n a l l y  described o n l y  i n  the western p a r t  o f  the 
YTTN (Churkin and others, 1982), b u t  here i s  extended t o  inc lude the  
greensch is t - fac ies  rocks i n  the nor theastern p a r t  o f  the YTTN. I n  the 
nor thern  B ig  Delta, Fairbanks, and southern C i r c l e  quadrangles, subterrane Y3 
separates subterranes Y1 from Y2. Th is  p a r t  o f  subterrane Y3 cons i s t s  
p r i m a r i l y  o f  two d i s t i n c t  u n i t s  of rocks t h a t  a re  i n  probable t h r u s t  contac t  
w i t h  each o ther  as w e l l  as w i t h  subterranes Y1 and Y2. The southernmost u n i t  
( u n i t  ms, Fig. 2) cons i s t s  most ly  o f  greenish-gray quartzose myloni t i c  
s c h i s t ;  the  more n o r t h e r l y  u n i t  ( u n i t  cp. Fig. 2) cons i s t s  o f  gray calcareous 
p h y l l i t e  and gray qua r t z i t e .  I n  t he  eastern p a r t  o f  t he  Eagle quadrangle, 
Tanacross quadrangle, and the south-centra l  p a r t  o f  the Charley River  
quadrangles, subterrane Y3 inc ludes  th ree  o ther  u n i t s :  one cons i s t s  o f  f a u l t  
b locks and s l i c e s  o f  m y l o n i t i c  sch is t ,  greenschist,  qua r t z i t e ,  marble, 
greenstone, and p h y l l i t e  ( u n i t  sm. Fig. 2) ;  a second cons i s t s  p r i m a r i l y  o f  
dark-gray q u a r t z i t e  and gray quar tz  s c h i s t  ( u n i t  qs, Fig. 2);  and the  t h i r d  i s  
charac ter ized by 1 ight-green qua r t z -ch lo r i  te-whi t e  mica s c h i s t  ( u n i t  ws , Fig. 
2). A l l  three are  separated from one another and from subterrane Y4 and Y1 by 
t h r u s t  f a u l  ts .  

M y l o n i t i c  s c h i s t  ( u n i t  ms) 

The p r i n c i p a l  rock  types o f  t h i s  u n i t  (Fig. 2) a re  m y l o n i t i c  sch i s t .  
semischist,  and quar tz-whi te mica c h l o r i t e  s c h i s t  epidote, quar tz  s e r i c i t e  
sch i s t ,  and q u a r t z i t e ,  w i t h  minor p h y l l i t e ,  marble, and greenstone. 



M y l o n i t i c  textures,  common throughout the u n i t ,  are more in tense and more 
concentrated along the  southern margin. Q u a r t z i t e  and q u a r t z i t i c  s c h i s t  
commonly have l a r g e  gray, blue-gray, and c l e a r  g lassy quar tz  grains, and some 
a l so  have l a r g e  fe ldspar  g ra ins  (most ly  mic roc l  ine) .  The gra ins  are  comnonly 
neye-shaped" w i t h  " t a i l  s" o f  crushed r e c r y s t a l  1 i zed  quartz. The marbles are  
f i n e  t o  coarse gra ined and i n t e r l a y e r e d  i n  s c h i s t  and quar tz i te .  Maf ic  
greenschi s t  and greenstone occur 1 ocal ly, p a r t i c u l a r l y  i n  the eastern 
exposures o f  the  u n i t .  Rocks o f  t h i s  u n i t  a re  metamorphosed t o  the  
greenschi s t  fac ies.  Fol i a t i o n ,  genera l l y  we1 1 developed, has been fo lded a t  
l e a s t  once. 

The age o f  these rocks i s  unknown. Cor re la t i on  has been suggested w i t h  
the  To ta t l an i ka  Schist ,  nor thern  Alaska Range, o f  probable Late Devonian t o  
Miss iss ipp ian  age ( G i l b e r t  and Bundtzen, 1979), the Klondike Sch is t  of  the 
Yukon T e r r i t o r y  (Weber and others,  1978), and the  Macomb terrane o f  t he  Mount 
Hayes quadrangle, nor thern  Alaska Range (W. J. Nokleberg, personal comnun., 
1985). A1 though there  are  some s i m i l a r  l i t h o l o g i e s ,  the  l ack  o f  data on age 
o f  p r o t o l  i ths and on s t r u c t u r a l  r e l a t i o n s  between u n i t s  make c o r r e l a t i o n s  
speculat ive.  

Calc phyl 1 i te-b lac k q u a r t z i t e  ( u n i t  cp) 

A sequence o f  t h in - l aye red  calcareous p h y l l  i te,  p h y l l  i te, and t h i n ,  
crumbly carbonate l aye rs  i s  o v e r l a i n  by l i g h t -  t o  darkcgray q u a r t z i t e  
i n t e r l a y e r e d  w i t h  dark-gray t o  b lack a r g i l l i t e  and p h y l l i t e .  The q u a r t z i t e  i s  
most ly  medium grained, and t h i n l y  layered t o  massive. Fol i a t i o n ,  i n c i p i e n t  
cleavage, and small i s o c l  i n a l  f o l d s  occur l o c a l  ly. 

I n  the C i r c l e  quadrangle, v i t r i n i t e  re f l ec tance  s tud ies  (La i rd ,  Biggs, 
and Foster, 1984) i n d i c a t e  t h a t  most o f  these rocks were subjected t o  
temperatures (180° + 50° C )  no h igher  than those normal ly  associated w i t h  
sediment diagenesis: One sample near a f a u l t  has been subjected t o  
temperatures as h igh  as 230' + 50' C. I n  the B ig  Del ta quadrangle, some o f  
these rocks near T e r t i a r y  g r a c i t i c  i n t r u s i o n s  have been contac t  
metamorphosed. The grade o f  these rocks elsewhere i n  the B ig  Del ta quadrangle 
has n o t  been determined b u t  i s  probably most ly  i n  the same range as those o f  
the  C i r c l e  quadrangle. 

No f o s s i l s  have been found i n  these rocks and so t h e i r  age i s  unknown, 
b u t  may be e a r l y  o r  middle Paleozoic. Contacts o f  t h i s  u n i t  appear t o  be a t  
f a u l t s  except where the con tac t  i s  w i t h  T e r t i a r y  g ran i te .  

Schist,  q u a r t z i t e ,  and marble ( u n i t  sm) 

This i s  a va r ied  u n i t  o f  greenschist - fac ies rocks c o n s i s t i n g  o f  
greenschist,  calcareous greenschist,  qua r t z -ch lo r i t e -wh i te  mica sch i s t ,  
marble, greenstone, q u a r t z i t e  i n c l u d i n g  gray and dark-gray q u a r t z i t e ,  and 
s c h i s t  w i t h  l a r g e  quar tz  and (o r )  fe ldspar  grains. I t  crops o u t  i n  the  
nor theastern p a r t  o f  the Eagle quadrangle south o f  the T i n t i n a  f a u l t .  
Although thl 's u n i t  inc ludes  some rocks s i m i l a r  t o  those i n  u n i t s  "qs" and "ws" 
(discussed below), i t  d i f f e r s  i n  having abundant l aye rs  and lenses o f  
marble. The marbles a re  most ly  1 i g h t  gray, medium t o  coarsely  r e c r y s t a l  1 ized, 
and t h i n  layered t o  massive; some are  100 m o r  more th i ck .  

These rocks a re  comnonly h i g h l y  sheared and f rac tu red  and l o c a l l y  
brecciated. I n  places they have a we1 1 -developed nor thwester ly  s t r i k i n g  
f o l i a t i o n .  A strong, c l o s e l y  spaced (10 2 cm apar t )  f o ld -ax i s  1 i n e a t i o n  i s  
l o c a l l y  conspicuous, e s p e c i a l l y  i n  the more quartzose rocks. I n  places the 



resul t i n g  s t r u c t u r e  appears "mu1 1  ion-1 i ke." Small f au l  t s  w i t h  prominent gouge 
and brecc ia ted  zones are abundant. Loca l ly ,  the u n i t  has the  appearance o f  a  
m8l ange. 

The s t r a t i g r a p h i c  and ( o r )  s t r u c t u r a l  p o s i t i o n  o f  t h i s  u n i t  i s  no t  
c l e a r l y  understood, b u t  the  u n i t  i s  probably ove r th rus t  by u n i t  "gs", making 
i t  the s t r u c t u r a l l y  lowest  u n i t  i n  the eastern p a r t  of  the YTTN. The 
c o r r e l a t i o n  o f  these rocks w i t h  rocks o f  the  Yukon T e r r i t o r y  i s  unknown. They 
may be a  group o f  rocks no t  p rev ious l y  mapped i n  the western Yukon T e r r i t o r y  
o r  poss ib l y  a d i f f e r e n t  f ac ies  o r  d i f f e r e n t  p a r t  o f  the  sec t i on  o f  Green's 
(1972) u n i t  B and (or) u n i t  A. They are be1 ieved t o  be o f  Paleozoic age on 
the bas is  o f  a few poo r l y  preserved echinodermal fragments found i n  marble a t  
several l o c a l  i t i e s  i n  the Eagle quadrangle. 

Quar tz -ch lo r i  te-whi t e  mica s c h i s t  group ( u n i t  ws) 

The most common rock type i n  t h i s  u n i t  i s  1  ight-green o r  l i gh t -g reen ish -  
gray qua r t z -ch lo r i  te-whi t e  mica + carbonate sch is t .  General ly c h l o r i t e  i s  
f a i r l y  minor. Loca l ly ,  i n  the ~ F n a c r o s s  quadrangle, b i o t i t e  may be present. 
Other i n t e r l a y e r e d  rock types inc lude q u a r t z i t e ,  p h y l l i t e ,  and metavolcanic 
rocks o f  bo th  maf ic  and f e l s i c  composit ion. Some sch i s t s  have scat te red  
coarse gra ins  o f  gray, b lu ish-gray,  and g lassy quartz,  comnonly w i t h  augen 
shapes. Some quartz  g ra ins  a re  s i n g l e  c r y s t a l  s; o thers are  p o l y c r y s t a l l  ine, 
Feldspar g ra ins  a l so  occur i n  some sch i s t s .  L o c a l l y  minor a c t i n o l i t e  and 
epidote may be present. My1 on i  t e  and p a r t l y  r e c r y s t a l  1  i zed  my1 on i  t i c  t e x t u r e  
OCCU r . 

F o l i a t i o n  i s  genera l l y  we l l  developed. In the southeastern p a r t  o f  the 
Eagle quadrangle, a  s t rong 1  i n e a t i o n  t rend ing  and plunging wester ly  i s  formed 
by small, t i g h t ,  i s o c l i n a l  fo lds .  These f o l d s  are  re fo lded  by genera l l y  
nor theas t - t rend ing  f o l d s  t h a t  are be l ieved t o  be r e l a t e d  t o  th rus t i ng .  This  
u n i t  probably a l so  has been a f f e c t e d  by a  l a t e  open f o l d i n g  t h a t  i s  no t  e a s i l y  
observed i n  the  Eagle quadrangle, b u t  i s  ev ident  i n  rocks adjacent  t o  t h i s  
u n i t  i n  Canada. 

I n  the Eagle quadrangle, t h i s  u n i t  i s  ove r th rus t  by, and i n  p laces 
imbr icated wi th,  amphibol i t e - f a c i e s  rocks (Foster  and others, 1985). I n  t he  
Tanacross quadrangle i t s  contacts are poo r l y  exposed. The on i  t i s  cont inuous 
t o  the  eas t  w i t h  s i m i l a r  rocks i n  the  Yukon T e r r i t o r y ,  which are inc luded i n  
Green's (1972) u n i t  0 and were termed the Klondike Sch is t  by McConnell (1905). 

The age o f  p r o t o l  i t h s  o f  these rocks i s  unknown, and, because a l l  t h e i r  
contac ts  a re  bel ieved t o  be t h r u s t  f a u l t s  i n  Alaska, t h e i r  s t r a t i g r a p h i c  
p o s i t i o n  i s  a l so  unknown. Middle o r  l a t e  Paleozoic p r o t o l i t h  ages have been 
pos tu la ted  (Tempelman-Kluit, 1976). 

Q u a r t z i t e  and q u a r t r i  t i c  sch i s t s  ( u n i t  qs) 

The most comnon rock type i n  t h i s  u n i t  (F ig .  2)  i s  l i g h t - g r a y  t o  b lack 
q u a r t z i t e ,  which ranges i n  g r a i n  s i z e  from very  f i n e  t o  medium. Quartz g ra ins  
are  almost always h i g h l y  s t ra ined.  Outcrops are massive t o  schis tose 
depending upon the r e l a t i v e  amounts o f  whi te mica and quartz.  Gray p h y l l  i t e ,  
p h y l l i t i c  and carbonaceous quar tz  sch i s t ,  and g r a p h i t i c  s c h i s t  l a y e r s  occur 
l o c a l l y .  

These rocks genera l l y  have a well-developed f o l i a t i o n  t h a t  r e g i o n a l l y  
s t r i k e s  approximately east-west w i t h  both northward and southward d ips  ranging 
from 5' t o  60'. Folds, commonly i s o c l i n a l ,  a  few m i l l i m e t e r s  t o  several 
meters i n  wavelength and amp1 i t u d e  deform f o l i a t i o n .  Axes o f  these f o l d s  



genera l l y  t rend s l  i g h t l y  n o r t h  o f  west and have a shal low plunge (0-20'). 
Small (1-10 cm amp1 i tude and wavelength) asymmetric, roo t l ess  f o l d s  def ined by 
cream-colored f ine-gra ined po l yc rys ta l  1  i ne quartz  may be an e a r l y  phase o f  
t h i s  deformation. An open fo ld ing ,  commonly having a wavelength o f  about 0.5 
m and an amplitude averaging 10 cm, deforms e a r l y  s t ructures.  The a x i a l  t rend 
o f  t he  open f o l d s  i s  s l i g h t l y  west o f  no r th  and plunges a few degrees t o  25' 
northwest o r  southeast. 

This  u n i t  crops ou t  i n  a genera l l y  wester ly  t rend ing  b e l t  i n  the east- 
c e n t r a l  p a r t  o f  t he  Eagle quadrangle and i n  a small area i n  the southeastern 
corner  o f  t h a t  quadrangle. The u n i t  cont inues eastward i n t o  Canada as p a r t  o f  
Green's (1972) u n i t  A and the  Nasina Series o f  McConnell (1905). A Paleozoic 
age has been hypothesized (Foster,  1976), a1 though no f o s s i l s  have been found 
and contac ts  o f  the  u n i t  a re  probably a l l  f a u l t s .  

Subterrane Yq (Eagle and Tanacross quadrangles) 

Subterrane Y4 cons i s t s  p r i m a r i l y  o f  q u a r t z i t i c  and p e l i t i c  gneiss and 
sch i s t ,  qua r t z i t e ,  marble, and amphibol i  t e  ( u n i t  gs, Fig. 2)  metamorphosed t o  
the  amphibol i te  and epidote-amphibol i te  fac ies.  On the no r th  i t  i s  i n  t h r u s t  
contac t  w i t h  greenschist - fac ies rocks o f  subterrane Y 3 ,  on the west i t  has 
been ex tens i ve l y  in t ruded by Cretaceous g r a n i t i c  plutons, and on the  south a 
probable t h r u s t  f a u l t  separates i t  from subterrane Y . On the eas t  i t  extends 
i n t o  the  Yukon T e r r i t o r y  o f  Canada. The u n i t  t y p i c a  t l y  cons is ts  o f  medium- t o  
coarse-grained amphi bo l  i te, quartz-amphi b o l e - b i o t i  t e  gneiss, q u a r t z - b i o t i  t e  
gneiss, marble, and q u a r t z i t e .  Because the composit ion o f  most o f  t he  gneiss 
and s c h i s t  i s  quartzose, a1 umi num s i  1 i c a  t e  minera l  s  are r a r e  ; however, kyani  t e  
has been found i n  a few t h i n  sect ions. White, l i gh t -g ray ,  o r  p ink ish-wh i te  
marbles are  medium t o  coarse grained, bu t  most commonly coarse grained. 
Q u a r t z i t e  i s  most ly  l i g h t  gray and tan. I n  the northwestern p a r t  o f  
subterrane Y the u n i t  cons is ts  o f  most ly  sch i s t ,  qua r t z i t e ,  and marble, a l l  
complexly de f ormed and in t ruded by d ikes and p l u t o n i c  rocks. The metamorphic 
grade l o c a l l y  may be as low as upper greenschist fac ies.  

Fol i a t i o n  and composit ional l a y e r i n g  have been deformed i n t o  t i g h t  , 
asymmetric f o l d s  t h a t  a re  l o c a l l y  i s o c l i n a l .  Wavelength and ampli tude ranges 
f r g m  0.5 m t o  several hundred meters. Fold axes have an average t rend  o f  N 
50 E and genera l l y  plunge l e s s  than 20' northwest o r  southeast. A second 
generat ion o f  f o ld ing ,  probably the  same open-folding t h a t  has a f f e c t e d  the  
rocks o f  adjacent subterranes, produced open fo lds  w i t h  axes t rend ing  nea r l y  
porth-south. The wavelength o f  these f o l d s  i s  about 0.5 m and t h e i r  average 
ampli tude about 10 cm. Pre-metamorphic f o l d i n g  has no t  been d e f i n i t e l y  
recognized, b u t  may be i nd i ca ted  by r a r e l y  observed small r o o t l e s s  fo lds .  
Thrust  s l i c e s  w i th  zones o f  gouge, breccia,  and small f a u l t - r e l a t e d  f o l d s  are  
comnon throughout subterrane Y4. 

The major reg iona l  metamorphism and accompanying deformation o f  these 
rocks i s  be l ieved t o  gave i l k e n  p lace du r ing  Late T r i a s s i c  t o  Middle Jurassic  
t ime on the bas is  o f  A r -  Ar incremental heat ing  experiments. G r a n i t i c  
i n t r u s i o n  (Tay lor  Mountain, Mount Veta, and poss ib l y  o ther  p lu tons)  was 
probably synchronous w i t h  metamorphism and preceded t h r u s t i n g  o f  t h i s  u n i t  
over  u n i t s  uwsw and "qs" (Cushing, Foster, and Harr ison, 1984). The Ear l y  
Cretaceous metamorphism t h a t  a f f e c t e d  subterrane Y a1 so a f fec ted  subterrane 
Yq b u t  war o f  minor i n t e n s i t y  ( tushing,  Foster, anh Harr ison, 1984). 

The age o f  these rocks i s  poo r l y  known, b u t  they are  considered Paleozoic 
on the  bas js  o f  a few poo r l y  preserved c r i n o i d  columnals (Foster,  1976) i n  



marble. At  present there i s  no evidence f o r  Precambrian p r o t o l i t h s  i n  t h i s  
u n i t .  

Un f o l  i a ted  i gneous rocks 
P lu ton i c  rocks 

Unfol i a t e d  igneous rocks occur throughout the YTTN and range i n  
composit ion from u l t r a m a f i c  t o  f e l s i c ,  bu t  most are f e l s i c .  On the  eas t  s ide 
o f  the Shaw Creek f a u l t  (Fig. 2) some i n t r u s i o n s  a r e  o f  b a t h o l i t h i c  
propor t ions,  and i n t r u s i o n s  o f  small p lutons,  dikes, and s i l l s  are comon i n  
a l l  p a r t s  o f  the YTTN. 

Fe l s i c  g r a n i t i c  p lu tons  

Three per iods o f  Mesozoic and Cenozoic g r a n i t i c  i n t r u s i o n  are  recognized 
i n  the YTTN. The o ldest ,  Late T r i a s s i c  and Ear ly  Jurassic  (215-188 Ma) i n  age 
( u n i t  JTrg, Fig. 2 ) ,  i s  found o n l y  i n  the  eastern p a r t  of  the YTTN (subterrane 
Y ). The second, i n  Late Cretaceous t ime (95-90 Ma) occurs throughout the 
Y ~ T N  b u t  i s  e s p e c i a l l y  prominent i n  t he  c e n t r a l  p a r t  ( u n i t  Kg, Fig. 2). The 
t h i r d ,  i n  Late Cretaceous and e a r l y  T e r t i a r y  t ime (70 t o  50 Ma), occurred 
throughout the  YTTN b u t  has p a r t i c u l a r  s ign i f i cance i n  the  northwestern p a r t  
( u n i t  Tg, Fig. 2). 

The Late T r i a s s i c  and Ear l y  Jurassic  p lu tons  inc lude those o f  Taylor  
Mountain and Mount Veta, and poss ib l y  some p lu tons  i n  the  c e n t r a l  and eas tern  
p a r t s  o f  the Eagle quadrangle. Taylor  Mountain, i n  the south-centra l  p a r t  o f  
the  Ea l e  and nor thern  p a r t  o f  the Tanacross quadrangles, i s  a b a t h o l i t h  about B 648 km i n  area. It i s  most ly  medium-grained, equigranular  g ran i te  
( terminology o f  Streckeisen, 1976), bu t  l o c a l  1y i t  i s  g ranod ior i  t e  t o  
d i o r i t e .  I n  places, a long the southern and eastern margins, i t s  t ex tu re  i s  
s l  i g h t l y  gneiss ic .  P lagioc lase (01 igoclase t o  andesine) , s e r i c i  t i z e d  
potassium feldspar, quartz,  hornblende, and b i o t i t e  a re  the major 
cons t i tuents ;  comnon accessory mineral  s are sphene, apa t i t e ,  and opaque 
minera l  s. P lagioc lase i s  genera l l y  zoned and s e r i c i  t i zed .  Quartz i s  
s t ra ined,  and the  margins o f  some quartz  g ra ins  are  granulated. Hornblende i s  
genera l l y  more abundant than b i o t i t e .  Some b i o t i t e  has a1 te red  t o  c h l o r i t e .  
The southern contac t  o f  the p lu ton  i s  f a i r l y  sharp, and there  i s  l i t t l e  
evidence o f  thermal e f f e c t s  on the amphibo l i te - fac ies  count ry  rock. However, 
the  count ry  rock  along the  nor theastern contac t  has been a l t e r e d  by the  
i n t rus ion ,  and d ikes  and s i l l s  a re  numerous. Epidote i s  abundant i n  the 
con tac t  zone. Loca l ly ,  the  margins o f  these p lu tons  are  sheared, crushed, and 
faulted. Conventional K-Ar d a t i  ha i nd i ca ted  an age o f  around 180 Ma f o r  
t he  Taylor  Mountain bath01 i th .  q8Ar-SgAr determinat ions prov ide an i n teg ra ted  
p la teau age on hornblende o f  209 + 3 Ma (Cushing, 1984). A U-Pb determinat ion 
on sphene gives an age o f  212 + MZ ( A l e i n i k o f f  and others, 1981). Thus, t he  
b a t h o l i t h  i s  be l ieved t o  have Keen in t ruded i n  Late T r i a s s i c  time. 

Charac te r i s t i c  i n t r u s i v e  rocks i n  the  v i c i n i t y  o f  Mount Veta are  a 
hornblende p lag ioc lase porphyry. A common mineralogy i s  t h a t  of. a quar tz  
monzodior i te,  but  more f e l s i c  composit ions a l so  occur. Some phases o f  the  
i n t r u s i o n  are  equigranular.  I n  some very  coarse gra ined p o r p h y r i t i c  phases, a 
minera l  a1 ignment def ines a weak f o l i a t i o n .  Conventional K-Ar ana lys i s  of  
hornblende from t h i s  i n t r u s i o n  y ie lded  an age o f  177 + 5 Ma 4 6 : : ~ ~  , 1976) and an i n teg ra ted  l a teau  age o f  188 t 2 Ma was obtained by the  ! A r  met hod 
(Cushing, 1984 . Some o ther  hornr lende-bearing p lu tons  nearby have no t  been 
dated, b u t  may be o f  s i m i l a r  age. 



Figure 3 presents a p l o t  o f  f i e l d s  o f  normative quartz,  a1 b i t e ,  and 

Figure 3 here. 

a n o r t h i t e  f o r  representa t ive  g r a n i t i c  rocks i n  the YTTN. Two f i e l d s  are 
p l o t t e d  f o r  T r i a s s i c  and Jurassic  p lu tons  (Tay lor  Mountain and Mount Veta). 
These rocks are  c h a r a c t e r i s t i c a l l y  low i n  quartz, con ta in  abundant hornblende, 
and i n  con t ras t  t o  most g r a n i t i c  rocks i n  the  YTTN, none a re  corundum 
normative. Minera logical  and common lead isotope data (J.N. A l e i n i k o f f ,  
personal commun., 1985) are  cons i s ten t  w i t h  a dominantly oceanic source f o r  
magmas t h a t  formed the T r i a s s i c  and Jurassic  plutons. 

The T r i a s s i c  and Jurassic  p lu tons  are  s i m i l a r  i n  l i t h o l o g y  and age t o  
p l u t o n i c  rocks o f  the K lo tass in  Su i te  i n  the Yukon T e r r i t o r y  (Tempelman-Kluit, 
1976). The K lo tass in  Su i te  has been i n t e r p r e t e d  as the  roo ts  o f  an i s l a n d  arc 
t h a t  formed on the margin o f  S t i k i n i a  (Tempelman-Kluit, 1979), a con t i nen ta l  
fragment t h a t  was jo ined t o  North America i n  Middle Jurassic  t ime (Tempelman- 
Kl u i t ,  1979). Tempelman-Klui t (1976) has suggested t h a t  the g r a n i t i c  rocks of 
Taylor  Mountain may belong t o  the  K lo tass in  Su i te  and thus would be a p a r t  o f  
the S t i  k i n i a  te r rane (Jones and others,  1984). However, the count ry  rocks 
(subterrane Y4)  i n t ruded by the  p lu ton  o f  Taylor  Mountain are  n o t  t y p i c a l  o f  
those which compose the S t i k i n i a  te r rane i n  the p a r t s  o f  Canada where i t  i s  
bes t  known. Although subterrane Y 4  may n o t  be a p a r t  o f  S t i k i n i a  t h i s  does 
n o t  preclude c o r r e l a t i o n  o f  the g r a n i t i c  rocks o f  Taylor  Mountain w i t h  the 
K lo tass in  Suite. Subterrane Y 4  may have been near o r  j o ined  t o  the  S t i k i n i a  
te r rane i n  T r i a s s i c  o r  Ea r l y  Jurassic  t ime and invo lved i n  the same p l u t o n i c  
event. 

Hornblende-bearing g r a n i t i c  rocks i n  the southeastern p a r t  o f  the  
Tanacross quadrangle have been inc luded i n  the  S t i k i n i a  te r rane (Jones and 
others,  1984) because they are  adjacent t o  rocks o f  s i m i l a r  l i t h o l o g y  t o  the  
eas t  i n  t he  Yukon T e r r i t o r y  t h a t  a re  inc luded i n  the  K lo tass in  Suite. 
However, these g r a n i t i c  rocks i n  Alaska are  a l so  adjacent, on the west, t o  
l i t h o l o g i c a l l y  s i m i l a r  Cretaceous gran i tes .  Ne i ther  the  Alaskan nor  t he  
Canadian hornblende-bearing g ran i tes  c lose  t o  the U.S.-Canada border have been 
dated. More data are  needed t o  determine whether o r  n o t  these rocks are  o f  
Taylor  Mountain and K lo tass in  age and therefore,  whether o r  no t  the  S t i k i n i a  
te r rane  extends i n t o  Alaska. 

G r a n i t i c  ocks o f  Cretaceous age occur i n  bodies t h a t  range i n  s i z e  from 5 l e s s  than 1 km t o  p lu tons  o f  b a t h o l i t h i c  propor t ions.  B a t h o l i t h s  occur i n  
the southeastern and northwestern p a r t s  o f  the Tanacross quadrangle, the 
nor theastern part o f  the  Mount Hayes quadrangle, and i n  t he  western p a r t  o f  
the  p a r t  o f  the  Eagle and eastern p a r t  o f  the B ig  Del ta quadrangle. The 
p lu tons  range i n  composit ion from quartz  monzoni t e  t o  d i o r i  t e  b u t  a re  
dominant ly gran i te  and g ranod io r i  t e  ( terminology o f  Streckeisen, 1976). They 
are  equigranular  t o  p o r p h y r i t i c  and are  genera l l y  medium grained. The mafic 
minera ls  may be e i t h e r  hornblende o r  b i o t i t e ,  and most commonly both occur. 
Primary muscovite i s  ra re  and minor when present. M y l o n i t i c  tex tures  a re  
l o c a l l y  present, e s p e c i a l l y  a long major f a u l t s  such as the Shaw Creek f a u l t .  
A l t e r a t i o n  o f  fe ldspars  i s  s l i g h t  t o  moderate, and b i o t i t e  i s  comnonly p a r t l y  
c h l o r i t i z e d .  

The age range o f  t h i s  group o f  i n t rus ions ,  on the bas is  o f  convent ional 
K-Ar analyses, i s  about 110 t o  85 Ma, bu t  most a re  around 95 t o  90 Ma. 





Nokleberg and o thers  (1986) described some i n t r u s i v e  rocks o f  s i m i l a r  age 
i n  the  nor theastern p a r t  o f  t he  Mount Hayes quadrangle as l o c a l l y  s l i g h t l y  t o  
moderately schis tose and s l  i g h t l y  reg iona l  l y  metamorphosed, and suggested t h a t  
these rocks were in t ruded dur ing  the  waning stage o f  a  major reg iona l  
amphibol i te- fac ies metamorphism i n  the mid- t o  Late Cretaceous. This 
Cretaceous metamorphism i s  n o t  recognized as the  major thermal event i n  o ther  
p a r t s  o f  the YTTN. We suggest t h a t  t h i s  event a f fec ted  a t  l e a s t  some o ther  
p a r t s  o f  the  YTTN* bu t  w@ o f  i n o r  i n t e n s i t y .  For instance, i n  subterrane Y4 
i t  has been detected by A r - 3 8 ~ r  incremental heat ing  experiments on minera ls  
from amphibol i t e  fac ies  metamorphic rocks (Cushing, Foster, Harr ison, and 
La i rd ,  1984). 

P l o t s  o f  normative quartz,  a l b i t e ,  and or thoc lase from samples from 
i n d i v i d u a l  bodies o f  Cretaceous g r a n i t i c  rocks f a l l  i n t o  d i s t i n c t  
composit ional f i e l d s .  Figure 3 shows f i e l d s  and l o c a t i o n s  f o r  samples from 
the  b a t h o l i t h ( s )  i n  the  western p a r t  o f  the Eagle and eastern p a r t  o f  the B i g  
De l ta  quadrangle (Mount Harper-Charley River) ,  p lu tons  i n  the nor theastern 
p a r t  o f  t he  Mount Hayes quadrangle, small g r a n i t i c  bodies near Fairbanks 
(Pedro and Gilmore Domes), and from g r a n i t i c  bodies i n  the nor theastern p a r t  
o f  the  Eagle quadrangle (G lac ie r  Mountain). The Cretaceous g r a n i t i c  rocks are  
more quar tz  r i c h  than the T r i a s s i c  and Jurassic  grani tes,  and most con ta in  
normative corundum. Blum (1983), i n  a  d e t a i l e d  study o f  the  small g r a n i t i c  
bodies near Fairbanks, concluded, on the b a s i s  o f  petrography, ma jo r -ox ide  
chemistry, and i n i t i a l  s t ron t ium i s o t o p i c  r a t i o s ,  t h a t  those g ran i tes  formed 
e i t h e r  from a magma generated by p a r t i a l  me1 t i n g  o f  metamorphic rocks o f  
con t i nen ta l  a f f i n i t i e s  o r  from an i n i t i a l l y  mantle- o r  lower c rus ta l -de r i ved  
me1 t w i t h  s i g n i f i c a n t  contaminat ion from cont inenta l  mater ia l .  Common lead 
r a t i o s  o f  Cretaceous g r a n i t i c  rocks from wide ly  sca t te red  l o c a l i t i e s  i n  t he  
YTTN a1 so suggest a  mix ture  o f  lead from two sources, one a  c o n t i n e n t a l l y  
der ived radiogenic source, and the  o ther  a  more p r i m i t i v e  oceanic source (J.N. 
A l e i n i k o f f ,  persona1 commun., 1984). 

I n  a d d i t i o n  t o  g r a n i t i c  p lutons,  several small (genera l l y  l e s s  than 2 
km2) pyroxene d i o r i t e  p lu tons  are  known i n  the  B i g  Del ta quadrangle. These 
p lu tons  range i n  age from about 93 t o  90 Ma, based on convent ional K-Ar 
ana lys i s  (Foster and others, 1979). G r a n i t i c  rocks o f  t h i s  general age group 
a re  common i n  many p a r t s  o f  Alaska and the Yukon T e r r i t o r y .  I n  the Yukon 
T e r r i t o r y  they are inc luded i n  the  Coffee Creek Su i te  (Tempelman-Klui t, 1976). 

The youngest i n t r u s i o n s  w i t h  K-Ar ages o f  70 t o  50 Ma are  most p reva len t  
i n  the  nor theastern p a r t  o f  the B ig  Del ta and the  C i r c l e  quadrangle, a l though 
a  few o thers  are  w ide ly  sca t te red  throughout the YTTN. They are  p r i m a r i l y  
g r a n i t e  i n  composit ion ( terminology o f  Streckeisen, 1976),  b u t  Mount Fa i rp lay  
i n  the Tanacross quadrangl e  ranges from hornbl ende-augi t e -b i  o t  i t e  d i o r i  t e  
through hornblende-augi t e  syeni t e  t o  hornbl ende-bi o t i  t e  quar tz  monzonl t$ 
(Kerin, 1976). The young p lutons,  genera l l y  f a i r l y  small i n  s i ze  ( 3  km o r  
l ess ) ,  a re  most ly  medium t o  coarse gra ined'  and equigranul a r  t o  p o r p h y r i t i c .  
The mafic minera l  i s  genera l l y  b i o t i t e .  They are qua r t z - r i ch  and corundum 
normative, c h a r a c t e r i s t i c s  o f  g ran i tes  formed from magmas der ived from 
con t i nen ta l  c rus t .  A f i e l d  o f  normative quartz,  a l b i t e ,  and or thoc lase f o r  
samples o f  T e r t i a r y  g r a n i t e  from the  C i r c l e  quadrangle i s  shown i n  F igure 3. 

Maf ic  and u l  t ramaf ic  d i f f e r e n t i a t e s  

Bodies o f  coarse-grained gabbro (g ra ins  comnonly 5-10 cm long)  t h a t  
appear t o  be maf ic  and u l  t ramaf ic  igneous d i f f e r e n t i a t e s  occur i n  several 
d i f f e r e n t  w ide ly  sca t te red  l o c a l i t i e s  i n  subterranes Yq, Y2, and Y1. They are 



commonly hornb lend i te  t o  c l i nopy roxen i te  w i t h  associated b i o t i t e  (Type 111 o f  
Foster and Keith, 1974) and, i n  a few places, very  coarse grained 
gabbronori tes  and hornblende gabbros a1 so occur i n  assoc ia t ion  w i t h  coarse- 
grained u l t r a m a f i c  rocks. Epidote and garnet a re  l o c a l l y  abundant i n  the  
gabbros. Mafic and u l  t ramaf ic  rocks o f  t h i s  type appear t o  have in t ruded 
r e g i o n a l l y  metamorphosed greenschist -  t o  amphi bol  i te - fac ies  rocks. Margins o f  
some o f  the maf ic  and u l t r a m a f i c  bodies are  f o l i a t e d ,  b u t  there i s  no 
f o l i a t i o n  w i t h i n  the  bodies. Fel s i c  d ikes i n t r u d e  most o f  t he  maf ic  and 
u l t r a m a f i c  bodies as we l l  as the surrounding metamorphic country  rock. The 
age and r e l a t i o n s h i p s  o f  maf ic  bodies and f e l s i c  d ikes  t o  each o ther  and t o  
the reg iona l  metamorphism and tec ton i cs  are  no t  c lear .  I n  the c e n t r a l  p a r t  o f  
the  Eagle quadrangle, K-Ar ages from a b i o t i t e  hornblendi te are 175 2 5.1 Ma 
on hornblende and 185 2 5 Ma on b i o t i t e  ( reca l cu la ted  from Foster, 1976). 
This u l t ramaf i c  body could have a Late T r iass i c  o r  Ea r l y  Jurassic  p l u t o n i c  
o r i g i n .  I n  subterrane Y1 i n  the Tanacross quadrangle, b i o t i t e  from 01 i v i n e  

9 abbro associated w i t h  a small u l  t ramaf ic  body has a K-Ar age o f  66.6 2 2 Ma 
Mi lson and others,  1985). 

Ul t ramaf ic  d ikes  o r  small p lugs o f  fresh, unmetamorphosed cumulate- 
tex tured pyroxen i te  and o l i v i n e  pyroxen i te  i n t r u d e  greenschist  f ac ies  
metamorphic rocks i n  the c e n t r a l  Eagke and northwest C i r c l e  quadrangles. They 
cou ld  be e i t h e r  d i f f e r e n t i a t e s  o f  nearby g ranod io r i t e  i n t rus ions ,  o r  unre la ted  
u l t r a m a f i c  i n t r u s i v e  rocks. 

Volcanic rocks 

Post-metamorphic volcanism occurred i n  the  Cretaceous, Te r t i a ry ,  and 
Quaternary and was most p reva len t  i n  the eastern YTTN. A l l  of  the 
unmetamorphosed f e l  s i c  vo lcan ic  rocks o r i g i n a l l y  were considered t o  be o f  
T e r t i a r y  age, bu t  K-Ar age d a t i n g  has shown t h a t  welded t u f f s  and o the r  f e l s i c  
vo lcan ic  rocks ( u n i t  Kv, Fig. 2) cover ing a l a r g e  area i n  t h e  Tanacross 
quadrangle are  as o l d  as Cretaceous (Bacon and others, 1985). 

These Cretaceous vo lcan ic  rocks occur i n  and around th ree  poo r l y  exposed 
calderas i n  the c e n t r a l  p a r t  o f  the Tanacross quadrangle and c o n s i s t  o f  ash- 
f l ow  sheets, p a r t s  o f  which a re  welded, a i r - f a l l  t u f f ,  lava flows, ash-flow 
sheets, and small hypabyssal i n t rus ions .  Most a re  f e l s i c  and range from 
r h y o l i t e  t o  d a c i t e  i n  composit ion. Phenocrysts i n  r h y o l i t e  t u f f ,  lava, and 
hypabyssal i n t r u s i o n s  are  quar tz ,  sanidine, p lagioc lase,  e l  inopyroxene, 
b i o t i t e ,  i r o n  and t i t a n i u m  oxides ~ a l l a n i t e .  A l l  phenocrysts except quartz,  
c l inopyroxene, and a l l a n i t e  a re  genera l l y  a l te red .  Common a l t e r a t i o n  minera ls  
are s e r i c i t e ,  i l l i t e ,  c l i n o p t i l o l i t e ,  k a o l i n i t e ,  c h l o r i t e ,  quar tz ,  and 
potassium fe ldspar  (Bacon and others,  1985). Tuf faceous sedimentary rocks 
occur near the margin o f  one o f  the calderas. 

Mafic and i n te rmed ia te  vo lcan ic  rocks are  i n  c lose  p rox im i t y  t o  the 
f e l s i c  ones, and some are a l so  assumed t o  be o f  Cretaceous age. However, i n  a 
few places where c ross -cu t t i ng  r e l a t i o n s h i p s  can be seen, the maf ic  rocks are 
younger than the f e l s i c  ones. Maf ic  rocks inc lude potassic  andes i t i c  lava  
f lows w i t h  p lagioc lase,  b i o t  i t e a  c l  inopyroxene, and i n  some places hornblende 
phenocrysts, bu t  d e t a i l e d  mineralogy o f  most o f  the  maf ic  lavas  i s  n o t  known. 

The K-Ar age o f  sanid ine from welded t u f f  o f  the northernmost ca ldera i s  
93.6 2 2 Ma, and an age f o r  hornblende from rocks o f  t he  easternmost ca ldera 
i s  90 + 2.8 Ma (Bacon and others,  1985). These ages suggest t h a t  the volcanic 
rocks are r e l a t e d  t o  the g r a n i t i c  p lu tons  t h a t  were i n t ruded  dur ing  the  110 t o  
85 m.y. i n t r u s i v e  episode and t h a t  they may be r o o f  remnants o f  some o f  these 
plutons. Although t h e  Mount Fa i rp lay  i n t r u s i v e  body i n  the  nor th -cent ra l  p a r t  



o f  the Tanacross quadrangle i s  p a r t l y  surrounded by Cretaceous volcanic rocks, 
i t  appears t o  be unre la ted  t o  them and has a T e r t i a r y  K-Ar age. 

T e r t i a r y  vo lcan ic  rocks ( u n i t  Tv, Fig. 2 ) ,  as y e t  l i t t l e  studied, range 
from much-a1 te red  r h y o l i t e  t o  b a s a l t  i n  composit ion. They occur i n  the  
Tanacross, Eagle, and B ig  Del t a  quadrangles and commonly a re  associated w i t h  
hypabyssal d ikes and small i n t rus ions .  They inc lude lava  flows, welded ash- 
flow t u f f  and a i r - f a l l  tuf f .  Loca l ly ,  f e l s i c  t u f f  and poss ib l y  f lows have 
been fau l ted ,  i nc lud ing  t h r u s t  f au l  t i ng ,  and small -scale deformation has 
resu l  ted  from the fau l  t i ng .  Sedimentary rocks, general l y  o f  very 1 i m i  t ed  
extent ,  occur l o c a l l y  w i t h  vo lcan ic  rocks. 

Sanidine from a p o r p h y r i t i c  r h y o l i t e  i n  the eastern p a r t  o f  the B ig  Del ta 
quadrangle was dated as 61.6 + 2 Ma by the  K-Ar  method (Foster  and others, 
1979). Ages o f  57.8 + 2 Ma and 56.4 + 2 Ma on sanidines from welded t u f f  i n  
the  eastern p a r t  o f  t'FTe Tanacross qua&angle were a l so  determined (Foster  and 
others, 1979). 

Several areas o f  undated basal t i c  rocks ( u n i t  Qv, Fig. 2) i n  the 
Tanacross quadrangle are  thought t o  be o f  Quaternary age, l a r g e l y  on the bas is  
o f  physiographic re la t i onsh ips ,  bu t  P r ind le  Volcano i n  the eastern p a r t  of  the 
Tanacross quadrangle leaves no doubt o f  i t s  young age. P r ind le  Volcano i s  an 
i s o l a t e d  cone w i t h  a lava  f low extending about 6.4 km downslope t o  the 
southeast from a breached c r a t e r .  The cone and lava f l ow  a re  composed o f  
ves i cu la r  a1 ka l  i n e  01 i v i  ne basal t t h a t  conta ins abundant p e r i d o t i  t e  and 
g r a n u l i t e  inc lus ions .  The b a s a l t  cons i s t s  o f  c l  inopyroxene, 01 i v i ne ,  and 
opaque mineral s i n  a f i ne-gra i ned groundmass be1 i eved t o  con ta in  occul t 
nephel i n e  and potassium fe ldspar  (Foster  and others, 1966). The p e r i d o t i  t e  
i nc lus ions  range i n  s i z e  from xenocrysts t o  p o l y c r y s t a l l  i n e  masses up t o  15 cm 
i n  diameter. Minera l  assemblages inc lude o l i v i n e ,  orthopyroxene, 
cl inopyroxene and sp ine l  i n  a t  l e a s t  f i v e  d i f f e r e n t  combinations. The minera l  
assemblages o f  the  i nc lus ions  are character ized by hypersthene and ( o r )  
c l  inopyroxene and p lagioc lase,  b u t  a1 so may inc lude quar tz  and carbonate w i t h  
such accessory minera ls  as apa t i t e ,  z i rcon,  magneti te and r u t i l e .  The w e l l -  
preserved cone suggests t h a t  the e rup t i ve  a c t i v i t y  occurred du r ing  Quaternary 
time. I n d i r e c t  evidence, which inc ludes i t s  poss ib le  age r e l a t i o n s h i p  t o  a 
s i m i l a r  cone i n  the Yukon T e r r i t o r y ,  and the f a c t  t h a t  i t s  lava  f l ow  i s  
o v e r l a i n  by wh i te  vo lcan ic  ash which i s  probably the  White River  Ash Bed, 
suggests t h a t  i t  i s  pos t -ea r l y  Pleistocene, b u t  o lde r  than 1,900 years B.P. 
(Foster,  1981). 

A number o f  unconsol idated vo lcan ic  ash deposi ts  have been found i n  the  
YTTN, and some are  f a i r l y  we l l  dated. Most, such as the  White R iver  Ash Bed, 
probably o r i g i n a t e d  outs ide  o f  the YTTN (see sec t ion  on Quaternary geology, 
Volcanic ash). 

Sedimentary rocks (YTTN) 

The unmetamorphosed sedimentary rocks o f  the  YTTN ( u n i t  TKs, Fig. 2)  are 
a l l  o f  nonmarine o r i g i n ,  o f  La te  Cretaceous and ( o r )  T e r t i a r y  age, and o f  
minor extent .  They appear t o  have been deposited i n  small, d iswnnected 
basins, a t  l e a s t  some o f  which r e s u l t e d  from f a u l t i n g .  Some sedimentary rocks 
are c l o s e l y  associated w i t h  vo lcan ic  rocks, and most inc lude considerable 
amounts of tu f f .  They have been deformed by f o l d i n g  (Foster  and Cushing, 
1985) and, i n  some cases, t h r u s t i n g  and high-angle f a u l t i n g .  

The l a r g e s t  area o f  sedimentary rocks i s  i n  the nor thern  p a r t  o f  the 
Eagle and southern p a r t  o f  the Charley R iver  quadrangle bo th  n o r t h  and south 
o f  the T i n t i n a  f au l t .  I n  some places sedimentary rocks cover the f a u l t s  o f  



the T i n t i n a  system, b u t  i n  o ther  places they a re  c u t  by the f a u l t s .  These 
rocks are  dominantly conglomerate, b u t  i nc l  ude sandstone, mudstone, shale, 
breccia,  1 i g n i t e ,  and coal.  Most o f  the conglomerate cons i s t s  o f  we1 1 -rounded 
wh i te  and tan  quar tz  and b lack c h e r t  c l a s t s  2 t o  13 cm i n  diameter i n  a 
quartzose matr ix.  Where bedding can be detected, d ips  as steep as 60' occur, 
and most of  the  rocks d i p  a t  l e a s t  20'. The conglomerate and sandstone were 
n o t  p r i n c i p a l l y  der ived from the l o c a l  metamorphic te r rane bu t  probably from 
more d i s t a n t  sources n o r t h  o f  t he  T i n t i n a  f a u l t ,  Po l len  and poo r l y  preserved 
p l a n t  fragments and impressions i n d i c a t e  t h a t  the rocks may range i n  age from 
Late Cretaceous t o  Pl  iocene (Foster,  1976). 

Several small patches o f  T e r t i a r y  sedimentary rocks ( u n i t  Ts, Fig. 2) 
occur i n  t h e  southeastern p a r t  o f  the Eagle quadrangle. They a re  most ly  
conslomerate and sandstone, b u t  near the town o f  Chicken a1 so inc lude coal  
s e a k ,  wh i te  t u f f ,  and glassy t u f f  w i t h  abundant p l a n t  fragments (Foster,  
19761, . - 

Folded conglomerate, sandstone, a r g i l l  i te, t u f f ,  tuf faceous a r g i l l  i te, 
and sandstone w i t h  some l i g n i t e  and carbonaceous l a y e r s  form a d iscont inuous 
b e l t  about 30 km long  i n  the nor th -cent ra l  Tanacross quadrangle. Poor ly  
preserved p o l l e n  i nd i ca tes  t h a t  depos i t i on  was i n  La te  Cretaceous(?) t ime 
(Foster,  1967), b u t  p o l l e n  i n  some o f  the deposi ts  i s  as young as Neogene 
( ~ a e k o  Igarash i  , personal commun., 1985). I n  a d d i t i o n  t o  Cretaceous and 
T e r t i a r y  pol len,  these rocks a1 so con ta in  monosulcate p o l l e n  o f  Devonian age 
(Foster,  1967), suggesting t h a t  a t  t he  t ime o f  sediment depos i t ion  on the  
under l y ing  metamorphic terrane, t h i s  te r rane was loca ted where pol  l e n  cou ld  be 
der ived from unmetamorphosed Devonian rocks (Foster,  1967). 

Other sedimentary rocks appear t o  have been deposited i n  basins 
associated w i t h  a Late Cretaceous vo lcan ic  complex near Mount Fa i rp lay  and 
S ix t ym i le  But te  (Foster,  1967). 

I n  the nor theastern p a r t  o f  the Tanacross quadrangle, unconsol idated t o  
poo r l y  consol ida ted  gravel  and conglomerate occurs i n  a small area a t  about 
1,266 m a1 t i t ude ,  r e s t i n g  unconformably on metamorphic rocks. I t  i s  composed 
most ly  o f  ye l lowish-wh i te  quar tz  pebbles and well-rounded, po l i shed c h e r t  
pebbles 1 t o  15 cm i n  diameter. The c h e r t  pebbles are  no t  l o c a l l y  derived. 
This  depos i t  has been i n t e r p r e t e d  as most l i k e l y  l a t e  T e r t i a r y  i n  age, b u t  
cou ld  be o f  e a r l y  Pleistocene age (Foster,  1970). 

Metamorphism 

Regional metamorphism throughout the YTTN ranges from very  low grade 
(about equ iva len t  t o  b u r i a l  metamorphism) t o  amphibol i t e  fac ies  o f  about the  
second s i l l  imani t e  isograd. Changes i n  metamorphic grade across subterrane 
boundaries are  comnonly abrupt  and can be a t t r i b u t e d  t o  j u x t a p o s i t i o n  of  rocks 
of  d i f f e r e n t  metamorphic grade by f a u l t i n g ,  p a r t i c u l a r l y  t h r u s t  f a u l t i n g .  
Gradat ional changes i n  metamorphic grade are documented w i t h i n  subterranes YI 
and Y2. More than one per iod  o f  reg iona l  metamorphism has no t  been recognized 
pet rograph ica l l y ,  except i n  the  eco log i  t i c  rocks, where b a r r o i  s i  t e  i s  r i m e d  
by hornblende and omphacite i s  a l t e r e d  t o  c r y p t o c r y s t a l l i n e  ma te r ia l ;  bu t  
f u r the r  work i s  needed, e s p e c i a l l y  i n  cons idera t ion  o f  poss ib le  evidence from 
rad iomet r ic  age determinat ions o f  more than one per iod  o f  reg iona l  
metamorphism. 

Pressures d u r i n g  metamorphism were probably most ly  moderate, b u t  the 
abundance of  q u a r t z i  t i c  composit ions and pauc i t y  o f  pe l  i t i c  composit ions make 
determin ing the pressures (and temperatures) o f  metamorphism d i  f f i c u l  t. 
Kyanite i s  comnon I n  the  southeastern p a r t  o f  subterrane Y 2  and nor thern  p a r t  



o f  subterrane Y1 and occurs r a r e l y  i n  subterrane Y4.  I n  the C i r c l e  quadrangle 
(subterrane YZ) . mineral  assemblages w i  t h i n  pe l  i t i c  rocks i n d i c a t e  progressive 
metamorphism along a P-T path s i m i l a r  t o  Barrovian metamorphism i n  Scotland 
(pa th  A, Harte and Hudson, 1979). Medium-pressure metamorphism i s  a l so  
i nd i ca ted  by the amphibole composit ion i n  mafic s c h i s t  (us ing  the c r i t e r i a  
sumnarized by La i rd ,  1982). 

Andalusi te + kyan i te  and anda lus i te  + s i l l i m a n i t e  occur i n  the 
southeastern p a r t  o f  subterrane Y2, b u t  i t  i s  n o t  c l e a r  t h a t  the  anda lus i te  
formed a t  the same t ime as kyani  t e  and s i l l  imanite. I t  may be r e l a t e d  t o  
nearby T e r t i a r y  plutons. I n  subterrane Y1, a l l  th ree  A1 Si05 polymorphs have 
been i d e n t i  f i e d  a long the Salcha River (Dusel -Bacon and fos te r ,  1983). 
suggest ing metamorphism a t  about 0.4 GPa (us ing  the data o f  Holdaway, 1971). 
S i l l  imani t e  + andalus i  t e  and s i l l  imani t e  + c o r d i e r i t e  f a r t h e r  south (Dusel- 
Bacon and Foster, 1983, Fig. 2)  may i n d i c a t e  low-pressure fac ies  se r ies  
reg iona l  metamorphism. 

High-pressure metamorphism has been found i n  two areas, each f a u l t -  
bounded. Glaucophane + ep ido te  + c h l o r i t e  + a1 b i  t e  + wh i te  mica + sphene + 
carbonate + garnet  s c h i s t  occurs i n  a f a u l t  s l i c e  i n  the nor thern p a r t  o f  the 
Eagle quadFangle. Ec log i te  w i t h  r a r e  glaucophane has been found i n  the  
southwestern p a r t  o f  the C i r c l e  and southeastern p a r t  o f  the Livengood 
quadrangle. The est imated cond i t i ons  o f  metamorphism i n  both areas o f  
e c l o g i t i c  rocks are  s im i l a r ,  about 600°c and 1.4 GPa (La i rd ,  Foster, and 
Weber, 1984; Brown and Forbes, 1984). 

The h ighes t  regional  metamorphic grade documented i s  w i t h i n  the 
s i l l i m a n i t e  gneiss dome o f  subterrane Y . Metamorphic grade reaches and 1 probably surpasses the second s i l l i m a n i  e isograd, and p a r t i a l  me l t i ng  may 
have occurred (Dusel-Bacon and Foster, 1983). Temperatures between 655' and 
705' + 3 0 ' ~  are  est imated by g a r n e t - b i o t i  t e  geothermometry. Metamorphic grade 
decreFses t o  the  nor theast  ( i n t o  and then below the  s t a u r o l i t e  s t a b i l i t y  
f i e l d )  and i s  garnet  grade where i n  contac t  w i t h  the weakly metamorphosed 
rocks o f  subterrane Yg. W i th in  subterrane Y2, metamorphic grade decreases 
gradual l y  from s i l l  imani t e  + muscovi t e  and perhaps s i  11 imani t e  + K-feldspar i n  
t he  southeast t o  s t a u r o l i t e  + kyani te,  garnet, and then b i o t i t e  grade f a r t h e r  
n o r t h  and west. 

The lowest  metamorphic grade i s  found i n  rocks o f  the southern p a r t  o f  
t h e  C i r c l e  quadrangle (subterrane Y ) and the  eastern p a r t  o f  the  Eagle 
quadrangle (Seventymile te r rane) .  ?he q u a r t z i t e  and gua r t z i  t i c  s c h i s t  ( u n i t  
cp) o f  t h e  southern C i r c l e  quadrangle have been shown by v i t r i n i t e  re f l ec tance  
(La i rd ,  Biggs, and Foster, 1984) t o  be i n  the range o f  normal sediment 
diagenesis. These rocks are  be l ieved t o  be i n  t h r u s t  contac t  w i t h  garnet- and 
s tau ro l  i te-grade rocks. In the Eagle quadrangle, s l  i g h t l y  metamorphosed 
sedimentary rocks occur w i t h  greenstone i n  t h r u s t  sheet remnants o f  the  
Seventymile terrane. 

Contact metamorphism i s  p r i m a r i l y  associated w i t h  T e r t i a r y  p lutons,  b u t  
i n  a few places may be associated w i t h  Cretaceous plutonism. Around many 
T e r t i a r y  plutons, cross b i o t i t e  occurs i n  the r e g i o n a l l y  metamorphosed 
rocks. I n  t h e  southern p a r t  o f  subterrane Y2, con tac t  metamorphism associated 
w i t h  Late Cretaceous and ( o r )  e a r l y  T e r t i a r y  p lutonism has retrograded 
s t a u r o l i t e  and kyan i te  porphyroblasts t o  wh i te  mica. I n  the  c e n t r a l  p a r t  o f  
the C i r c l e  quadrangle (subterrane Y2), hornfe l  s i c  growth o f  b i o t i t e  and 
amphibole i s  associated w i t h  m a l l  f e l  s i c  i n t r u s i o n s  and has ove rp r i n ted  
probable garnet-grade reg iona l  metamorphism. Contact metamorphism up t o  
s i l l  imani t e  grade has ove rp r i n ted  s tau ro l  i t e  + kyani te-grade reg iona l  
metamorphism. I n  the south-centra l  p a r t  o f  the Eagle quadrangle, contac t  



Figure 4 .  Map showing selected mineral deposits ,  occurrences, and 

prospects in  east-central Alaska. Numbers and letters refer to 

loca l i t i es  mentioned i n  t e x t .  Data primarily from Berg and Cobb 

(1967), Cobb (19731, Singer and others (19761, Eberlein and 

others (19771, NacKevett and Holloway (19771, Barker (19783, 

Gilbert and Bundtzen (1979), and Nokleberg, W .  J . ,  (unpublished 

data, 1984). 





metamorphism i s  i nd i ca ted  by andalusi  t e  i n  s c h i s t  near a small Cretaceous o r  
T e r t i a r y  pluton. 

L imi ted  rad iomet r ic  aye data suggest t h a t  t ime(s)  o f  major reg iona l  
metamorphism($) may have d i f f e red  i n  the  four  subterranes o f  the  YTTN. I n  
subterrane Y1, U-Pb z i r c o n  ages i n d i c a t e  t h a t  amphibol i te- fac ies regional  
metamorphism was synchronous w i t h  o r  a f t e r  i n t r u s i o n  o f  a be1 t o f  f e l  s i c  
Miss iss ipp ian  p lu tons  (now augen gneiss) b u t  before i n t r u s i o n  o f  Cretaceous 
p lutons  u us el -Bacon and A l e i n i  koff, 1985). Metamorphism pre tes  e r t i a r y  
and probable Cretaceous p lutonism i n  subterranes Y 3  and Y2.  A r  -34Ar 
incremental heat ing  experiments i n d i c a t e  t h a t  ma jot- reg iona l  amphibol i te -  
f ac ies  metamorphism i n  subterrane Yq peaked about 213 + 2 Ma, bu t  the ex ten t  
o f  the  area a f f e c t e d  by t h i s  event I S  n o t  known ( ~ u s h i G ,  1984). Conventional 
K-Ar data i n d i c a t e  a metamorphic event, which apparent ly  was widespread i n  the 
$5TN, i n  t he  Ear l y  Cretaceous (125-110 Ma, Wilson and others,  1985). ' ~ r -  

Ar data i n d i c a t e  t h a t  i n  the eastern p a r t  o f  the Eagle quadrangle t h i s  Ear ly  
Cretaceous reg iona l  event was o f  low metamorphic grade and r e l a t i v e l y  minor, 
a1 though i t  could have been a major event e l  sewhere (Cushing, Foster, and 
Harr ison, 1984). S u f f i c i e n t  data are n o t  p resen t l y  a v a i l a b l e  t o  de l i nea te  and 
compare the metamorphic events o f  the four  subterranes. 

Minera l  resources 

Gold, p r i m a r i l y  i n  p lacer  deposits,  has been the most important minera l  
resource i n  the  YTTN. It has a lso  been produced from lodes i n  t he  Fairbanks 
d i s t r i c t  and t o  a minor ex ten t  e l  sewhere. Small amounts o f  antimony and 
tungsten have been produced from lode deposi ts  i n  the  Fairbanks d i s t r i c t  
du r ing  per iods o f  h igh  pr ices .  Exp lora t ion  has i d e n t i f i e d  occurrences o f  
copper-molybdenum porphyry and tungsten skarn. Widespread geochemical 
anomal i es , and scat te red  occurrences and prospects , suggest t h a t  the reg ion  
may con ta in  g ran i te - re la ted  uranium deposits.  l ode  t i n  depos i ts  (most 1 i k e l y  
gre isen) ,  p la t inum deposi ts  o f  mafic igneous associat ion,  and sedimentary 
exha la t i ve  z inc- lead deposits.  

Coal has been produced t o  a minor ex ten t  f o r  l o c a l  use, and coal  
resources i n  Late Cretaceous and ( o r )  T e r t i a r y  sedimentary rocks are  
unmeasured bu t  may be s i g n i f i c a n t .  Geothermal spr ings are  known a t  th ree  
l o c a l i t i e s  (Fig. 4) i n  the YTTN, and are  e x p l o i t e d  f o r  rec rea t i on  and l o c a l  

F igure 4 here. 

use a t  two l oca t i ons .  
F igure 4 shows the d i s t r i b u t i o n  o f  se lected deposits,  prospects, and 

occurrences by probable depos i t  type. En t r i es  were selected t o  show (1) 
important  deposi ts ,  (2) s p a t i a l  pa t te rns  o f  occurrence, and (3 )  the d i  f f e r e n t  
types o f  occurrence, Pat terns i n  the  d i s t r i b u t i o n  o f  p a r t i c u l a r  types o f  
depos i ts  suggest t h a t  there i s  some r e l a t i o n  o f  mineral  occurrence t o  
subterranes. A1 though min ing has taken p lace i n  the  reg ion  s ince the  1890's, 
i t  i s  o n l y  i n  recent  years t h a t  there has been systematic explorat ion.  New 
types o f  mineral  depos i ts  have been found, and as the recent  d iscovery o f  a 
diamond i n  a p lacer  depos i t  i n  the C i r c l e  d i s t r i c t  (Fairbanks D a i l y  News- 
Miner, Dec. 11, 1984) p o i n t s  out,  unexpected types o f  deposi ts  undoubtedly 
awai t  discovery. 



Gold p lacers  and lode deposi t s  

Gold has been, and cont inues t o  be, the  most important  minera l  commodity 
i n  eas t -cent ra l  Alaska. A l a r g e  p ropo r t i on  o f  the gold has been produced from 
placers;  l ode  product ion has been s i g n i f i c a n t  o n l y  i n  the  Fairbanks d i s t r i c t ,  
and i n  most d i s t r i c t s  the amount o f  gold i n  known lode sources i s  small 
r e l a t i v e  t o  t h a t  i n  placers. Gold deposi ts  are found i n  a l l  o f  the  
subterranes o f  the YTTN, b u t  the greates t  product ion and most extensive 
p lacers  are  i n  subterrane Y . Because geologic c h a r a c t e r i s t i c s  and o re  
c o n t r o l s  vary among the d i s  r i c t s ,  these features are  discussed separate ly  f o r  
t he  l a r g e s t  d i s t r i c t s .  

e 
Fairbanks d i s t r i c t  

Gold was f i r s t  discovered i n  streams o f  the  Fairbanks d i s t r i c t  (No. I ,  
Fig. 4) i n  1902 by F e l i x  Pedro. This d i s t r i c t ,  the l a r g e s t  producer i n  east- 
c e n t r a l  Alaska, has y ie lded  about 7,750,000 oz o f  gold from placers and 
approximately 250,000 o t  o f  go ld  from lodes (Bundtzen and others,  1984). 
Product ion from lodes has been concentrated i n  four  areas: Cleary H i l l  (No. 
1, Fig. 4), Treasure-Vault Creek (No. 2, Fig. 4),  Ester  Dome (No. 3, F ig .  4), 
and Gilmore Dome (No, 4, Fig, 4). I n  each o f  these areas, p lacers  are  c l o s e l y  
associated w i t h  lodes. 

The p lacers d r a i n  and the lodes occur i n  the q u a r t z i t e  and qua r t z i  t i c  
s c h i s t  u n i t  o f  subterrane Y p  ( p a r t i c u l a r l y  t he  Cleary sequence o f  the  
Fairbanks Sch is t  o f  Smith and Metz, t h i s  volume). I n  t h i s  area. the q u a r t z i t e  
u n i t  "qq" has undergone an e a r l y  i s o c l i n a l  f o l d i n g  and a l a t e r  east-nor theast  
t rend ing  broad open fo ld ing .  Cretaceous f e l  s i c  p l u t o n i c  rocks (Blum, 1983) 
have been in t ruded i n t o  the  Cleary sequence along the axes o f  broad a n t i c l i n a l  
s t ruc tures .  Lodes, except on Ester Dome, occur p r i m a r i l y  as east-west- 
t r end ing  au r i f e rous  veins i n  shears and crushed zones, bu t  l o c a l l y  lodes l i e  
p a r a l l e l  t o  f o l i a t i o n .  Several types o f  lodes are  recognized, i n c l u d i n g  (1)  
simple p y r i  te-arsenopyri  te-gold quar tz  veins, (2 )  gold-sul fosa l  t - s u l  f i d e -  
quar tz  veins, and (3 )  l a t e  s t i b n i  t e  veins, and (4 )  gold-scheel i t e  veins. 
Smith and Metz ( t h i s  volume) present  geochemical c h a r a c t e r i s t i c s  o f  some o f  

- 

the v e i n  types. Ea r l y  workers ( H i l l ,  1933) stressed the s t r u c t u r a l  c o n t r o l  o f  
lodes and t h e i r  r e l a t i o n  t o  g r a n i t i c  i n t rus ions ;  recent  workers (Smith and 
Metz, t h i s  volume) have st ressed the assoc ia t ion  o f  the lodes w i t h  the Cleary 
sequence and have suggested tha t ,  because o f  inherent  geochemical enrichment, 
i t  i s  an important o re  con t ro l .  

C i r c l e  d i s t r i c t  

The C i r c l e  d i s t r i c t ,  one o f  the  o l d e s t  min ing d i s t r i c t s  i n  i n t e r i o r  
Alaska, has produced a t  l e a s t  850,000 oz o f  gold (Bundtzen and others,  1984), 
a l l  from placers. The depos i ts  occur i n  th ree  separate areas (Nos. I I a ,  I I b ,  
and I I c ,  Fig. 4) and c h a r a c t e r i s t i c s  o f  the deposi ts  and probable sources o f  
go ld  vary w i t h  the  area. 

I n  the  eastern area (most o f  which l i e s  j u s t  ou ts ide  o f  the YTTN) (No. 
Ira,  Fig. 4) the p r i n c i p a l  p roduct ive  streams (Woodchopper and Coal Creeks) 
have produced a t  l e a s t  20,000 o t  o f  gold, most ly  from stream, b u t  i n c l u d i n g  
bench placers. These streams d r a i n  a d iverse  group o f  rocks i n c l u d i n g  s c h i s t  
and gneiss o f  subterrane Y p ,  p h y l l  i te, a r g i l l  i te, and q u a r t t i  t e  o f  subterrane 
Y j ,  T e r t i a r y  sedimentary rocks, Cretaceous gran i te ,  and unmetamorphosed rocks 
n o r t h  o f  the YTTN. Mer t i e  (1938) be l ieved t h a t  the proximal source o f  the 
placers was gold i n  the  T e r t i a r y  sedimentary rocks. 



Most o f  the d i s t r i c t ' s  gold has been produced from stream p lacers  i n  the 
eastern h a l f  o f  the  c e n t r a l  p a r t  o f  the d i s t r i c t  (No. I I b ,  Fig. 4) .  Streams 
d r a i n  the q u a r t z i t e  and q u a r t z i t i c  s c h i s t  u n i t  o f  subterrane Y2 and 
T e r t i a r y  g ran i te .  No l a r g e  lode sources o f  go ld  have been discovered, bu t  
samples o f  small 1 imoni te -s ta ined quartz veins, arsenopyri  te-bear ing shear 
zones, zones o f  s i l i c i f i e d  breccia, and f e l s i c  d ikes conta in  t races o f  gold. 
Mer t i e  (1938) suggested t h a t  sources o f  gold i n  the streams were au r i f e rous  
f rac ture  zones, veins, breccias, and f e l s i c  d ikes t h a t  developed and were 
emplaced above the C i r c l e  pluton, and recent  work (Menzie and others,  1983) 
supports t h i s  hypothesis. 

The western p a r t  o f  the d i s t r i c t  (No. I I c ,  Fig. 4) has been the l e a s t  
p roduct ive  par t .  Only Nome Creek (which has been considered p a r t  o f  t he  
Rampart d i s t r i c t )  had subs tan t i a l  product ion. Tota l  d i s t r i c t  product ion, 
min ing method, and l e n g t h  o f  t ime of  opera t ion  suggest t h a t  Nome Creek 
probably produced between 10 and 20 thousand ounces o f  gold. The streams o f  
t h i s  p a r t  o f  the  d i s t r i c t  d r a i n  the q u a r t z i t e  and q u a r t z i t i c  s c h i s t  u n i t  o f  
subterrane Y2,  a b i o t i t e  g r a n i t e  p l  uton, and f e l  s i c  hypabyssal rocks. 

Eagle d i s t r i c t  

Gold was discovered i n  streams o f  the Eagle (Seventymile) d i s t r i c t  
between 1895 and 1898. The d i s t r i c t  inc ludes American Creek and i t s  
t r i b u t a r i e s ,  Discovery Fork and Teddy's Fork ( I  I I a ,  Fig. 4), the Seventymil e 
River  and i t s  t r i b u t a r i e s ,  Flume, Alder, Barney, Broken Neck, Crooked and Fox 
Creeks ( I I I b ,  Fig. 4) ; and Fourth o f  J u l y  Creek and Washington Creek and i t s  
t r i b u t a r i e s ,  which are  most ly  n o r t h  o f  t he  YTTN ( I I I c ,  Fig. 4). The d i s t r i c t  
has produced a t  l e a s t  30,000 oz o f  gold and byproduct s i l v e r ,  a l l  from stream 
and bench p lacers.  Gold a l l oyed  w i t h  p la t inum was found a t  Fourth o f  J u l y  
Creek and the mouth o f  Broken Neck Creek, and a few plat inum nuggets were 
repo r ted l y  recovered from a t r i b u t a r y  (Lucky Gulch) t o  the  Seventymile R iver  
(Cobb, 1973). Flume, Alder, and American Creeks d r a i n  maf ic  and u l  t ramaf ic  
rocks o f  t he  Seventymile te r rane and q u a r t z i t e ,  marble, p h y l l  i t e  and g r a p h i t i c  
s c h i s t  o f  subterrane Yg (Foster,  1976). Barney, Broken Neck, Fox, Crooked, 
Four th o f  July,  and Washington Creeks d r a i n  most ly  sedimentary rocks o f  
Cretaceous and ( o r )  T e r t i a r y  age (Foster,  1976; Brabb and Churkin, 1969). 

M e r t i e  (1938) be l ieved t h a t  t he  sources o f  the  p lacer  go ld  i n  streams 
t h a t  d r a i n  the Seventymile te r rane and subterrane Y3 were quar tz  ve ins and 
minera l i zed zones t h a t  were g e n e t i c a l l y  r e l a t e d  t o  g r a n i t i c  rocks, and work by 
C lark  and Foster  (1971) supports t h i s  view. Clark and Foster repor ted  
anomalous values o f  go ld  i n  hydrothermal l y  a1 te red  rocks, i n c l u d i n g  s i l i c a  
carbonate rocks, s e r p e n t i n i t e  and d i o r i t e ,  and quar tz  ve ins adjacent t o  a 
northwest-southeast-trending fau l  t zone between Alder and Flume Creeks (No. 8, 
F ig .  4). They a l s o  detected arsen ic  i n  s o i l  samples taken across a probable 
f a u l t  t h a t  extends northwest-southeast across Teddy's Fork. Sources o f  the  
gold i n  streams t h a t  d r a i n  the Cretaceous and ( o r )  T e r t i a r y  sedimentary rocks 
may be paleoplacers (Mer t i  e, 1938), b u t  metamorphic rocks, which under1 i e  the 
sedimentary rocks, and some d i k e  rocks may a1 so be sources. 

For tymi le  d i s t r i c t  

Gold was i n i t i a l l y  discovered on the For tymi le  River  i n  1886 (Pr indle,  
1905) and on i t s  t r i b u t a r i e s  between 1886 and 1895 (Mert ie ,  1938, I V ,  Fig. 
4). Gold product ion o f  a t  l e a s t  417,000 oz (Cobb, 1973) has come most ly  from 
stream and low bench placers; however, a few h igh  bench p lacers  have been 



worked occasional ly .  The streams o f  the For tymi le  d i s t r i c t  d r a i n  a d iverse  
group o f  rocks t h a t  inc lude q u a r t z - b i o t i  t e  gneiss and sch i s t ,  q u a r t z i t e ,  
marble, and amphibol i t e  o f  subterrane Y4, qua r t z i t e ,  marble, phyl l i t e ,  
g r a p h i t i c  sch i s t ,  and greenschist  o f  subterrane Y , greenstone, se rpen t i n i t e ,  I and associated sedimentary rocks o f  the Seventymi e terrane, g ranod ior i te ,  
quar tz  monzonite, quar tz  d i o r i t e ,  and d i o r i t e  o f  the  Taylor  Mountain 
bath01 i th, and var ious  u n d i f f e r e n t i a t e d  g r a n i t i c  rocks whose age i s  thought t o  
be Mesozoic o r  T e r t i a r y  (Foster,  1976). 

At  l e a s t  three types o f  small lode sources o f  gold a re  present i n  the 
For tymi le  d i s t r i c t .  One type, exempl i f ied  by the  Purdy (Foster and Clark, 
1970), Ing le ,  and Tweeden lodes (Nos. 14, 15, 16, Fig. 4), i s  gold-bearing 
quar tz  + c a l c i t e  ve ins i n  metasedimentary and metavolcanic rocks o f  the 
Seventymile te r rane and i n  in termediate composit ion p l u t o n i c  rocks t h a t  
i n t ruded  the  terrane. Gold has a lso been detected i n  a1 te red  d i o r i t e  i n  the  
bedrock o f  Los t  Chicken Creek (Foster  and O'Leary, 1982) and i n  m e t a t u f f  from 
an outc rop  i n  the  South Fork o f  the For tymi le  River  (No. 13, Fig. 4) .  The 
second type o f  lode gold occurrence i s  gold i n  quar tz  ve ins i n  subterrane Y 4 ;  
Mer t i e  (1938) repor ted such an occurrence along Wade Creek and thought t h a t  
the veins were r e l a t e d  t o  a  g r a n i t e  i n t r u s i o n  a t  depth. A t h i r d  type o f  go ld  
occurrence i s  gold i n  and adjacent  t o  crushed zones and f a u l t s .  Such zones 
are  thought t o  be a source o f  gold i n  Dome Creek and Canyon Creek (Mert ie ,  
1938).  The recogn i t i on  o f  major t h r u s t  f a u l t s  w i t h i n  the  For tymi le  reg ion  
(Foster  and others,  1984) prov ides o ther  poss ib le  s i t e s  o f  lode concentrat ions 
o f  gold. 

Richardson d i s t r i c t  

The Richardson d i s t r i c t  inc ludes  sca t te red  gold p lacers  i n  t he  western 
p a r t  o f  the B ig  Del ta quadrangle; the two main areas o f  gold product ion are  
(1) Tenderfoot Creek and adjacent  streams, and ( 2 )  Caribou Creek and ad jacent  
streams (areas Va and Vb, Fig. 4). Bundtzen and Reger (1977) est imated 
product ion  a t  95,000 02 o f  go ld  and 24,000 oz o f  s i l v e r ;  a d d i t i o n a l  p roduct ion  
from res idua l  p lacers  has taken p lace s ince 1979 (Eakins and others, 1983). 

I n  the  Tenderfoot Creek area, gold has been produced from stream and 
res idua l  placers; Tenderfoot Creek i s  the main product ive stream. The p lacers  
are bur ied  beneath a deep cover o f  loess.  The on l y  known lode source o f  go ld  
i n  t h i s  area i s  the Democrat lode (No. 18, Fig. 4),  where gold occurs i n  
a l t e r e d  and veined quar tz  porphyry. A sample o f  a l t e r e d  quar tz  porphyry 
y ie lded  a  K-Ar age o f  89.1 2 2.7 Ma (Wilson and others,  1985, a f t e r  Bundtzen 
and Reger, 1977).  Bundtzen and Reger regarded t h i s  as probably i n d i c a t i n g  the  
age o f  m i n e r a l i z a t i o n  and noted t h a t  the d i s t r i b u t i o n  o f  the quar tz  porphyry 
and the  go ld  p lacers  i n  t he  Tenderfoot Creek area appears t o  be c o n t r o l l e d  by 
a northwest-southeast-trending 1  ineament. 

Gold product ion from t h e  Caribou Creek (No. Vb, Fig. 4) area has come 
e x c l u s i v e l y  from stream placers,  most ly  along Caribou Creek. No lode sources 
o f  go ld  are  known. However, t he  geochemistry o f  rock samples (Foster,  
O'Leary, McDanal, and Clark, 1978) i nd i ca tes  t h a t  i ron-s ta ined areas adjacent 
t o  dikes, p lutons,  and l o c a l  shear zones comnonly conta in  anomalous amounts of  
arsenic, antimony and z inc  and i n  places conta in  s i l v e r ,  lead, o r  gold. 



T i  bbs Creek-Black Mountain area 

The Tibbs Creek-Black Mountain area i s  one o f  the few areas t h a t  has 
produced l ode  gold, and t h i s  product ion probably exceeded t h a t  from the area 's  
p lacers  ( V I ,  Fig. 4). The Blue Lead, Gray Lead, and G r i z z l y  Bear (No. 17, 
Fig. 4), the p r i n c i p a l  mines, were operated main ly  i n  the 19301s, al though 
the re  was an attempt a t  f u r t h e r  product ion i n  the  l a t e  1970's. About 1 kg o f .  
gold and 0.7 kg o f  s i l v e r  were produced from quartz  ve ins t h a t  c u t  metamorphic 
rocks and Cretaceous(?) g ran i te .  The veins are espec ia l l y  abundant and most 
p roduct ive  near the contac t  o f  the metamorphic and g r a n i t i c  rocks. There are 
a l s o  minor occurrences o f  antimony and molybdenum nearby. Streams d r a i n i n g  
the  area, such as Tibbs Creek, have had minor p lacer  operat ions (Menzie and 
Foster, 1978). 

Porphyry copper-molybdenum deposi t s  

Porphyry copper-molybdenum occurrences i n  the Tanacross quadrangle and i n  
the adjacent Yukon T e r r i t o r y  c o n s t i t u t e  the i n t e r i o r  porphyry b e l t  o f  
H o l l  i s t e r  and others (1975). A number o f  occurrences, i nc lud ing  Mosquito, 
Paternie, Asarco, Bluff ,  and Taurus (Nos. 27, 28, 29, 30, and 31, Fig. 4) a re  
known i n  the  Tanacross quadrangle (Singer and others, 1976) and ten  
occurrences are  known i n  the Yukon T e r r i t o r y  ( S i n c l a i r ,  1978). The porphyry 
occurrences i n  Alaska are  conf ined t o  subterrane Y and are thought to be 1 associated w i t h  Cretaceous and e a r l y  T e r t i a r y  porp y r i  t i c ,  fe1 s i c  subvolcanic 
stocks. These stocks were i ntruded i n t o  coeval vo lcan ic  rocks, Cretaceous 
p l u t o n i c  rocks, and s c h i s t  and gneiss. The porphyry deposi ts  formed w i t h i n  
and adjacent  t o  subvolcanic stocks and brecc ia  pipes. A1 though e a r l y  T e r t i a r y  
vo lcan ic  rocks and associated i n t r u s i v e  rocks occur i n  the eastern p a r t  o f  the 
B ig  Del ta and western p a r t  o f  t he  Eagle quadrangle, p resent ly  known porphyry 
occurrences are  conf ined t o  the Tanacross quadrangle. 

The depos i ts  o f  the  i n t e r i o r  be1 t d i s p l a y  many c h a r a c t e r i s t i c s  t y p i c a l  o f  
porphyry depos i ts  e l  sewhere : (1) they  are  associated w i t h  f e l  s ic ,  subvolcanic 
i n t r u s i v e  rocks; (2 )  they are  surrounded by l a r g e  areas o f  hydrothermal ly  
a1 te red  rocks; ( 3 )  common hypogene mineral s i n  the deposi t s  are p y r i t e ,  
cha lcopyr i te ,  molybdeni te ,  and i n  some cases magnetite; and ( 4 )  supergene 
enrichment i s  an important  c o n t r o l  on the grade o f  minera l i za t ion .  Deposits 
o f  the  i n t e r i o r  be1 t d i f f e r  from o ther  porphyry depos i ts  i n  t h e i r  repor ted 
lower grades and smal ler  tonnages (Singer and others,  1976). The i n f e r r e d  
resources a t  Taurus are  50 m i l  1 i o n  tons o f  0.3 percent copper and 0.07 percent  
molybdenum (Chipp, t h i s  volume). Taurus repo r ted l y  conta ins a considerable 
amount o f  supergene-enriched mater ia l .  Hypogene ore  i n  depos i ts  o f  the  
i n t e r i o r  be1 t i s  repor ted t o  be 1 ower i n  grade than supergene ore by a f a c t o r  
o f  1.5 t o  2 (Godwin, 1976; Sawyer and Dickinson, 1976). 

Tungsten 

Tungsten, ma in ly  as scheel i te,  occurs w i t h i n  the  q u a r t z i t e  and q u a r t z i  t i c  
s c h i s t  and the p e l i t i c  s c h i s t  u n i t s  (qq and ps)  o f  subterranc Y 
amounts o f  tungsten have been produced from depos i ts  hosted by 2;  he q u a r t z i t e  
and q u a r t z i  t i c  s c h i s t  u n i t  adjacent t o  Cretaceous g r a n i t e  o r  g ranod ior i  t e  
i n t r u s i o n s  nor theas t  o f  Fairbanks. Though product ion has been 1 i m i  ted  t o  the 
Fairbanks d i s t r i c t ,  exp lo ra t i on  has i d e n t i f i e d  a number o f  s i g n i f i c a n t  
prospects elsewhere i n  subterrane Ye. Near one prospect, Table Mountain (No. 
5, Fig. 4), scheel i t e  i s  present i n  sediments of  streams t h a t  d r a i n  the 



Stratabound occurrences 

Although no stratabound depos i ts  are known i n  the  YTTN, a number o f  
features suggest t h a t  such deposi ts  may be present. F i r s t ,  Paleozoic 
metasedimentary and metavolcanic rocks, which are s i m i l a r  t o  those i n  
subterranes Y , Y3, and Y4, hos t  such deposi ts  i n  o ther  p a r t s  o f  the nor thern 
C o r d i l l  era. Second, geoshemi cal anomalies i n  stream-sediment samples occur i n  
several areas. Third, recent  exp lo ra t i on  f o r  stratabound deposi ts  has located 
prospects i n  several subterranes o f  the  YTTN. 

I n  subterrane Y4, pieces o f  galena have been repor ted as f l o a t  and i n  
streams ; prospects f o r  s t r a t a  bound deposi ts  have been 1 ocated i n  the eastern 
subterranes Yg and Y4. I n  the  western p a r t  o f  the YTTN, the presence o f  
anomalous amounts o f  z inc,  s i l v e r ,  and barium i n  samples from streams d r a i n i n g  
the c a l c  p h y l l  i te-b lack q u a r t z i t e  u n i t  o f  subterrane Y l e d  Menzie and Foster d (1978) t o  suggest t h a t  t h i s  u n i t  may host  stratabound eposi ts .  

Coa 1 

Coal deposi ts  occur i n  Late Cretaceous and ( o r )  e a r l y  T e r t i a r y  nonmarine 
sedimentary rock  i n  two areas o f  t he  YTTN. One area i s  near the  v i l l a g e  o f  
Chicken, i n  the south-centra l  p a r t  o f  the Eagle quadrangle (A, Fig. 4),  and 
t h e  o ther  i s  along the  nor theastern margin o f  the YTTN and probably extends 
n o r t h  o f  the YTTN (B, Fig. 4). The c h a r a c t e r i s t i c s  o f  these coal f i e l d s  a re  
summarized i n  Table 2; t h e i r  resources have n o t  been estimated, 

Geothermal resources 

Three h o t  sp r i ng  areas occur i n  the  YTTN, a l l  i n  t he  C i r c l e  quadrangle 
(blaring, 1917). The ho t  spr ings are  hydrothermal convect ive systems heated by 
deep c i r c u l a t i o n  along f a u l t s  associated w i t h  e a r l y  T e r t i a r y  g r a n i t i c  p lu tons  
( M i l l e r  and others, 1975). The Chena Hot Springs (No. 32, Fig. 4) have a 
maximum measured sur face temperature o f  6 7 O ~  and a discharge o f  approximately 
800 L/min; maximum temperature a t  C i r c l e  Hot Springs (No. 33, Fig. 4 )  i s  5 7 ' ~  
and discharge i s  approximately 500 Llmin. Reservoir  temperatures a re  
ca l cu la ted  t o  be 1 0 0 ~ ~  and 128 '~  respec t i ve l y ;  thus the spr ings are  c l a s s i f i e d  
as intermedjate-temperature hydrothermal convect ion systems (Brook and others,  
1979). Springs i n  the t h i r d  area (No, 34, Fig. 4) have a maximum measured 
sur face temperature o f  61°c ( ~ e i t h ,  Presser, and Foster, 1981). Chena and 
C i r c l e  Hot Springs a re  used p r i m a r i l y  fo r  rec rea t i ona l  purposes, a1 though 
minor o ther  uses o f  the  h o t  water have been made. The t h i r d  ho t -spr ing  area 
i s  n o t  developed because o f  i t s  remote l oca t i on .  



Table 2,--Coal f i e l d s  o f  YTTN' 

F ie ld  Size Structure  Seam character is  t i c s  Rank Sulfur Developnent 
content s t a t u s  

Eagt e 130 by 3 t o  Open Near Uas hi ngton Subbi twn i  nous Law None 
16 h (80 fo lds  Creek f i v e  seams 
by 2 t o  10 are  a t  l e a s t  1.3 
mi les )  m t h i c k  

Chicken Vertical One seam i s  a t  Unknown Unknown Mimr past 
beds least  6 .8  m t h i c k  production 

for  local 
use 

l ~ e f e r e n c e :  Barnes (1967) 



q u a r t z i t e  and q u a r t t i t i c  s c h i s t  u n i t  and a T e r t i a r y ( ? )  g r a n i t e  i n t rus ion .  
There, tungsten i s  present i n  t h i n  marbles o f  the  q u a r t z i t e  and q u a r t z i  t i c  
s c h i s t  u n i t ,  probably above a cupola o f  the i n t rus ion .  Schee l i te  i s  w ide ly  
d i s t r i b u t e d  i n  sediments o f  streams t h a t  d r a i n  the p e l i t i c  s c h i s t  u n i t  (Menzie 
and others,  1983), and i n  recent  years a number o f  prospects have been 
i d e n t i f i e d  w i t h i n  t h i s  u n i t  ad jacent  t o  Cretaceous(?) and T e r t i a r y  g r a n i t i c  
i n t rus ions ,  i n  the southeastern p a r t  o f  the C i r c l e  (No. 6, Fig. 4), 
southwestern p a r t  o f  t h e  Char l i e  River  (No. 7, Fig. 4), and the  northwestern 
p a r t  o f  the Eagle quadrangle (Foley and Barker, 1981). 

Published s tud ies  o f  the o re  c o n t r o l s  o f  deposi ts  a re  l i m i t e d  t o  the  
Fairbanks d i s t r i c t .  Byers (1957), who mapped many o f  the deposi t s  and favored 
a contact-metasomatic o r i g i n  fo r  them, s ta ted  t h a t  the  d i s t r i b u t i o n  o f  
tungsten m i n e r a l i z a t i o n  was probably c o n t r o l l e d  by the occurrence o f  l imestone 
w i t h i n  the  contac t  zone o f  p o r p h y r i t i c  g ran i te ,  the presence o f  l o c a l  
s t r u c t u r a l  i r r e g u l a r i t i e s ,  such as drag f o l d s  t h a t  l o c a l  i zed  ore  deposi t ion,  
and the  development o f  tungsten-bearing quar tz  pegmatites t h a t  f i l l e d  
f rac tu res  above the p o r p h y r i t i c  g ran i te .  Metz and Robinson (1980), f o l l o w i n g  
the  ideas o f  Maucher (1976),  suggested, on the  bas is  o f  the  presence o f  
amphibol i t e  i n  the foo twa l l  o f  some o f  the Fairbanks deposits,  t h a t  the 
depos i ts  may be remobi l  i zed  syngenetic deposits.  

Pet ro log ic  and geochemical s tud ies  o f  the p lu tons  r e l a t e d  t o  the depos i ts  
o f  the  Fairbanks d i s t r i c t  (Blum, 1983) suggest t h a t  they formed by remel t ing  
o f  Precambrian c r u s t a l  mater ia l ,  bu t  d i d  no t  i d e n t i f y  a s p e c i f i c  source f o r  
t he  tungsten. 

T i n  

C a s s i t e r i t e  i s  w ide ly  d i s t r i b u t e d  as an accessory mineral  i n  stream 
sediments and p lacer  concentrates o f  the northwest p a r t  o f  the YTTN; however, 
o n l y  a few lode t i n  occurrences have been i d e n t i f i e d  and l i t t l e  has been 
pub1 ished on t h e i r  c h a r a c t e r i s t i c s .  Nevertheless, c a s s i t e r i t e  i n  stream 
sediments and the  presence o f  both Cretaceous and T e r t i a r y  grani tes,  which are  
p e t r o l o g i c a l l y  and geochemical l y  s i m i l a r  t o  g ran i tes  (Fig. 3)  from t i n -bea r ing  
regions, suggest t h a t  p a r t s  o f  the  YTTN t h a t  con ta in  such g ran i tes  may a l so  
con ta in  u n i d e n t i f i e d  lode and ( o r )  associated p lacer  deposi t s  (Menzie and 
others, 1983). Lode deposits,  i f  present, are 1 i k e l y  t o  be large,  low-grade 
gre isen deposits,  though skarn and v e i n  deposi ts  may a1 so occur. A small 
amount o f  t i n  has been recovered from several creeks i n  t he  C i r c l e  D i s t r i c t  as 
a byproduct o f  go ld  min ing (P. J e f f r e y  Burton, w r i t t e n  comun., 1983). 

Uranium 

Anomalous l e v e l s  of  uranium have been detected i n  spr ings and stream 
sediments (Barker and C lau t ice ,  1977; Menzie and others, 1983) i n  the  
northwestern p a r t  o f  the YTTN. These anomalies are  s p a t i a l l y  associated w i t h  
b i o t i t e  g ran i tes  o f  e a r l y  T e r t i a r y  age (Fig. 3).  

Plat inum 

Anomalous amounts o f  p la t inum and pal lad ium were detected i n  samples o f  
an u l  tramafic i n t r u s i o n  a t  one l o c a l i t y  (No. 10. Fig. 4) i n  the Eagle 
quadrangle (Foster, 1975), and p la t inum was detected, bu t  i n  ma1 l e r  amounts, 
i n  o ther  s i m i l a r  maf ic  t o  u l  t ramaf ic  i n t r u s i v e  rocks i n  t h a t  quadrangle 
(Foster  and Kei th,  1974). Such bodies cou ld  serve as sources f o r  p la t inum i n  
Placer deposi ts. 



App l i ca t i on  o f  i so top i c -da t i ng  techniques 

Determining d e f i n i t i v e  ages o f  the  rocks and t h e i r  t ime(s)  o f  
metamorphism, i n t rus ion ,  and deformation has been very  d i  f f i c u l  t because o f  a 
l a c k  o f  foss i l s ,  poor exposures, and the complexity o f  the  metamorphic and 
deformational h i s t o r y  i n  the YTTN. Thus, i s o t o p i c  techniques f o r  da t i ng  rocks 
have become the  p r i n c i p a l  source o f  data on ages o f  rocks and times o f  thermal 
events. 

The f i r s t  i s o t o p i c  data f o r  rock samples from the YTTN came from Pb-alpha 
s tud ies  undertaken i n  the  l a t e  1950's (Matzko and others, 1958; J a f f e  and 
others, 1959; G o t t f r i e d  and others,  1959). I n  1%0, Stern (Holmes and Foster, 
1968) obta ined fou r  Pb-alpha ages on p lu ton i c  rocks i n  t he  nor thern p a r t  o f  
the Mount Hayes quadrangle. K - A r  and Rb-Sr d a t i n g  methods were appl i e d  soon 
a f t e r  (Wasserburg and others, 1963). During the  nex t  15 years, many K-Ar ages 
were determined on both igneous and metamorphic rocks, w i t h  the m a j o r i t y  on 
g r a n i t i c  rocks, Ages determined by G.J. Wasserburg, M.A. Lanphere, D.L. 
Turner, J.G. Smith, F.H. Wilson, Nora Shew, and others were compiled by 
Dadisman (1980). L i t t l e  Rb-Sr work was done, p a r t l y  because o f  the  d i f f i c u l t y  
o f  ob ta in ing  una l te red  mater ia l ,  b u t  r e c e n t l y  Blum (1983) repor ted Rb-Sr data 
f o r  g r a n i t i c  rocks near Fairbanks, The K-Ar ages are most usefu l  on 
unmetamorphosed igneous rocks; ages obtained on metamorphic rocks are  
d i f f i c u l t  t o  i n t e r p r e t .  To b e t t e r  i n t e r p r e t  the  metamorphic rocks, McCulloch 
and Yasserburg (1978) appl ied a Nb-Sm method t o  Alaska Range rocks and 
A l e i n i  k o f f  app l i ed  U-Pb methods ( A l e i n i  k o f f  and others, 1981) us ing  z i r cons  
separated from an augen gneiss and o ther  metamorphic rocks t h  YTTN. Rb-Sr 
work was done t o  supplement t he  U-Pb work. Most recent ly ,  qdAr-5gAr 
incremental heat ing  methods have been used t o  he lp  unravel the metamorphic 
h i s t o r y  i n  the eastern p a r t  o f  the YTTN (Cushing, Foster, and Harr ison, 
1984). In tegra ted  s tud ies  o f  the var ious  types o f  data f o r  the YT are  
r e s u l t i n g  i n  new i n t e r p r e t a t i o n s  o f  the  geologic h i s t o r y  and making i t  
poss ib le  t o  cons t ra in  the ages o f  many events more c lose ly .  

The f o l l o w i n g  conclusions have resul ted,  l a r g e l y  from K-Ar work based on 
about 142 age determi na t ions  (Wil  son and others,  1985) : 

(1) Three major per iods o f  f e l s i c  p lutonism occurred a f t e r  major reg iona l  
metamorphism, and vo lcan ic  rocks were associated w i t h  a t  l e a s t  one and 
poss ib l y  two o f  these events. The o l d e s t  per iod  o f  plutonism, du r ing  Late 
T r i a s s i c  and Ear l y  Jurassic  time, resu l ted  i n  the i n t r u s i o n  o f  a g r a n i t i c  
bath01 i t h ,  Taylor  Mountain, and o ther  p l u t o n i c  rocks (Mount Veta, Fig. 
38).  Plu ton i c  rocks o f  t h i s  age are  p resen t l y  known i n  eastern Alaska 
o n l y  i n  t he  southern p a r t  o f  t he  Eagle and nor thern p a r t  o f  the  Tanacross 
quadrangle. 

The second per iod  o f  p lutonism occurred from about 105 t o  85 Ma and 
throughout most o f  t he  YT. The l a r g e s t  number o f  ages determined a re  
between 95 and 90 Ma (Wilson and others, 1985). The l a r g e s t  and most 
numerous p lu tons  o f  t h i s  age are  i n  the eastern p a r t  o f  the  YTTN, l a r g e l y  
eas t  o f  the Shaw Creek f a u l t .  The p lu tons  are  most ly  g r a n i t i c ,  ranging 
from quartz  d i o r i t e  t o  quar tz  monzoni te .  The extensive deposi ts  o f  welded 
t u f f  i n  the Tanacross quadrangle are  l a r g e l y  c a l d e r a - f i l l  associated w i t h  
t h i s  igneous event based on K-Ar  ages o f  90 f 2.8 Ma (hornblende) and 93.6 
+ 2.1 Ma (sanid ine)  from two o f  the  l a r g e s t  areas o f  welded t u f f  (Bacon - 
and others, 1985). 

The t h i r d  per iod  o f  f e l  s i c  i n t r u s i o n s  i s  i nd i ca ted  by 46 age 
determinat ions t h a t  range from 70 t o  50 Ma (Wilson and others, 1985). 
These i n t r u s i o n s  are  genera l l y  small and commonly have contac t  aureoles. 



Most a re  loca ted i n  the northwestern p a r t  o f  the YTTN northwest o f  the 
Shaw Creek f a u l t ,  bu t  one a1 so occurs i n  the  cen t ra l  p a r t  o f  the  Tanacross 
quadrangle (Mount Fei rp lay ,  Fig. 3). Some T e r t i a r y  volcanic rocks a1 so 
were erupted as i nd i ca ted  by a K-Ar date o f  57.8 + 2 Ma i n  the  eastern 
p a r t  o f  the Tanacross and one o f  61.6 f 2 Ma in, the eastern B ig  Del ta 
quadrangles (Foster and others,  1976, 1979). 
(2 )  Although c lea r -cu t  conclusions a re  more d i f f i c u l t  t o  draw from K-Ar 
ages o f  the metamorphic rocks, some important  r e s u l t s  have been 
obtained. Wilson and o thers  (1985) studied 59 K-Ar age determinat ions on 
metamorphic rocks (43 from the YTTN) and i d e n t i f i e d  two d i s t i n c t  
c l us te rs .  Eighteen ages ( 7  from the YTTN) f a l l  between 190 and 160 Ma; 24 
ages (a1 1 from the  YTTN) fa1 1 between 125 and 105 Ma. A1 though there  i s  
considerable s c a t t e r  i n  the data, the Ear l y  Cretaceous c l u s t e r  inc ludes a 
number o f  concordant minera l  pa i  rs.  W i l  son and others concl uded t h a t  t h i s  
c l u s t e r  probably r e f l e c t s  a metamorphic o r  thermal event which i s  d i s t i n c t  
from t h e  Cretaceous i n t r u s i v e  event and t h a t  the  metamorphic ages 
genera l l y  a re  no t  rese t  by t h i s  l a t e r  p lutonism (F.H. Wilson, personal 
commun., 1984). 
(3 )  A1 though the number o f  determinat ions i s  1 i m i  ted and o n l y  a few a r e  
concordant minera l  pa i rs ,  the K-Ar  data i v e  a f a i r l y  s t rong i n d i c a t i o n  o f  
a Jurassic  metamo h i c  r thermal event i' Wilson and others,  1985). As 
discussed l a t e r ,  hsAr-3BAr data c l e a r l y  show such an event i n  t he  Eagle 
quadrangle, but  the area l  ex ten t  and l o c a l  i n t e n s i t i e s  o f  t h i s  event 
cannot be determined from the  present data. 

The U-Pb data  from z i r cons  i n d i c a t e  the fo l low ing:  

1)  Plutonism occurred i n  subterrane Y i n  the  Mount Hayes quadrangle (Lake 
George te r rane)  a t  about 360 Ma ( ~ f e i n i k o f f  and Nokleberg, 1985a). 

2) Extensive g r a n i t i c  i n t r u s i o n s  occurred i n  subterrane Y about 341 + 3 

augen gneisses (Dusel-Bacon and A l e i n i k o f f ,  1985). 
a Ma ( lower i n t e r c e p t  age) and are  now represented by w i  e l y  d i s t r i b c t e d  

3) The augen gneiss conta ins  an i n h e r i t e d  component o f  Ear ly  Proterozoic 
(2.1 t o  2.3 Ga) z i rcons  (Dusel-Bacon and A l e i n i k o f f ,  1985). 

4) U-Pb ages o f  z i r cons  from metamorphic rocks be1 ieved t o  have vo lcan ic  
p r o t o l i t h s  suggest t h a t  they were erupted 360-380 m.y. ago (Dusel-Bacon 
and A l e i n i k o f f ,  1985). 

5) Time o f  metamorphism o f  the augen gneiss i s  no t  conc lus ive ly  known. 
6) Age o f  t he  metamorphic rocks i n t e r p r e t e d  as wa l l  rocks t o  the  augen 

gneiss i s  no t  known, b u t  they c l e a r l y  con ta in  the Ear l y  Proterozoic 
i n h e r i t e d  component. 

The Rb-Sr whole-rock isochron obta ined from wide ly  separated outcrops o f  
augen gneiss has an age o f  333+ 26 Ma, conf i rming the  Miss iss ipp ian  i n t r u s i v e  
age f o r  the  p r o t o l i t h  obtained-from the U-Pb determinat ions on z i rcon.  Sm-Nd 
data  a l s o  support the  presence o f  an o l d  c r u s t a l  component i n  t he  augen gneiss 
( A l e i n i k o f f  d o ers,  1986). 

Recent gOAr-SBAr experiments on rock samples from subterrane Y4 i n  the 
eastern p a r t  o f  t he  Eagle quadrangle have establ ished:  

1 )  A c o o l i n g  h i s t o r y  f o r  the g r a n i t i c  rocks o f  Taylor  Mountain by ana lys is  
o f  t h ree  d i f f e r e n t  minerals;  hornblende, b i o t i t e ,  and K-feldspar,  and 
conf irmed i t s  age. In t ruded about 209 2 3 Ma, i t  cooled from 500 t o  
1 7 5 ' ~  th rou  h a pe r iod  o f  about 32 m.y. (Cushing, Foster, Harr ison, and 
Lai rd.  19843. 
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2)  A major (amphibol i t e  fac ies )  metamorphic event reached a peak about 213 
+ 2 Ma, fo l lowed by igneous i n t r u s i o n s  and coo l i ng  over a per iod  o f  - 
some 36 + Ma. Amphibol i t e  adjacent t o  the Taylor Mountain bath01 i t h  
has a weTl-establ ished T r i a s s i c  i n teg ra ted  p lateau age (213 2 2 Ma) 
(Cushing, Foster, Harrison, and Lai rd,  1984). 

3) Thrus t ing  occurred du r ing  coo l i ng  from the  peak o f  metamorphism as 
i nd i ca ted  by a g reensch is t - fac ies  greenstone w i t h  a metamorphic age o f '  
201 t 2 Ma t h a t  i s  t h r u s t  upon the amphibol i te  adjacent  t o  t he  Taylor  
~ o u n F a i n  ba tho l i t h .  Other evidence o f  t h r u s t i n g  a t  about t h i s  t ime i s  
from b i o t i t e  formed i n  a t h r u s t  zone, The b i o t i t e  has an i n teg ra ted  
p lateau age o f  187 + 2 Ma. The t ime o f  t h r u s t i n g  i s  a l so  constra ined 
by the  age o f  a dik; ( i n t e g r a t e d  p lateau age o f  186 2 2 Ma on 
muscovite) which cu ts  deformed metamorphic rocks i n  the t h r u s t  zone and 
i s  n o t  deformed o r  s i g n i f i c a n t l y  metamorphosed. 

4) The Cretaceous metamorphic o r  thermal event recognized by the K-Ar work 
d e f i n i t e l y  a f fec ted  subterrane Y4, as shown by minor plateaus. 

I n  summary, rad iomet r ic  age data now i n  hand i n d i c a t e  p lutonism i n  the 
YiTN i n  Miss iss ippian,  T r i ass i c ,  Cretaceous, and T e r t i a r y  time, w i t h  volcanism 
i n  the Miss iss ippian,  Cretaceous, and Te r t i a ry .  Major p a r t s  o f  the YTTN may 
have an Ear l y  Proterozoic basement o r  received ma te r ia l  from eroding Ear l y  
Proterozoic sources, Metamorphism took place du r ing  Late T r i a s s i c  and Ear l y  
Jurassic  t ime i n  the  eastern p a r t  o f  YTTN (Y ), bu t  i t s  ex ten t  i s  n o t  known. 9 A Cretaceous thermal event, o f  low grade a t  eas t  i n  subterrane Y4,  was 
widespread i n  the  YTTN. Deformation t h a t  inc luded major t h r u s t i n g  occurred i n  
subterrane Y4 i n  E a r l y  Jurassic  time. 

Yukon-Tanana te r rane south o f  the Tanana River  

A1 though exposure i n  the YT south o f  t he  Tanana River  i s  very  much b e t t e r  
than i n  the YTTN, l o c a l  cover by T e r t i a r y  and g l a c i a l  deposits,  r e s t r i c t e d  
a c c e s s i b i l i t y  i n  t he  rugged Alaska Range, and a very complex s t r u c t u r a l  
h i s t o r y  make i t  d i f f i c u l t  t o  r e l a t e  t h i s  area t o  the YTTN and o ther  adjacent  
areas. Nokleberg and A l e i n i k o f f  (1985) d i v ided  the  Mount Hayes quadrangle 
i n t o  several terranes, some o f  which, i n  the terminology o f  t h i s  paper, may be 
considered subterranes o r  p a r t s  o f  l a r g e  terranes w i t h  unique l i t h o l o g i c  
and(or) s t r u c t u r a l  c h a r a c t e r i s t i c s .  Rocks o f  the Tanacross, Nabesna, Healy 
and Mount McKinley quadrangles have n o t  been grouped i n t o  terranes o r  
subterranes by most prev ious workers. However, some o f  the groups o f  rocks 
can be recognized as p a r t s  o f  t h e  terranes o r  subterranes described f o r  the  
Mount Hayes quadrangle, and Jones and o thers  (1984) have inc luded them i n  the 
Yukon-Tanana, Pingston, and Windy terranes ( P l a t e  -). The d iscussion o f  the  
area south of the Tanana River  begins w i t h  the Mount Hayes quadrangle terranes 
o r  subterranes, cont inues w i t h  a d e s c r i p t i o n  o f  t he  rocks o f  the  Tanacross and 
Nabesna quadrangles, and f i n a l l y  ends w i t h  the  rocks i n  the Healy and Mount 
McKinley quadrangles. 

Metamorphic rocks 
Mount Hayes quadrangle 

Rocks i n  the Mount Hayes quadrangle south o f  the Tanana River  and n o r t h  
o f  t he  Denal i  f a u l t ,  most o f  which were inc luded i n  the  Yukon-Tanana te r rane 
by Jones and o thers  (1984). have been d i v ided  i n t o  the Macomb, J a r v i s  Creek 
Glac ie r ,  Hayes Glac ier ,  and Windy terranes (Nokleberg and others, 1983). 



Macomb terrane 

The Macomb te r rane cons i s t s  p r i m a r i l y  of medium-grained myloni t i c  pe l  i t i c  
sch is t ,  ca lc -sch is t ,  and qua r t z - fe ldspa r -b io t i  t e  sch i s t ,  in t ruded by quartz 
montonite, g ranod ior i te ,  quar tz  d i o r i t e ,  and d i o r i t e  ( u n i t  pc, Fig. 2). The 
i n t r u s i v e  rocks have been almost completely r e c r y s t a l  1  ized t o  myloni t i c  s c h i s t  
(Nokleberg and others, 1983). U-Pb analyses o f  z i rcons  from the  metamorphosed 
p l u t o n i c  rocks i n d i c a t e  a  Devonian (about 370 Ma) i n t r u s i o n  (Nokleberg and 
A l e i n i k o f f ,  1985; A l e i n i k o f f  and Nokleberg, 1985b). A l l  o f  the  rocks are 
polydeformed and metamorphosed under cond i t ions  o f  the lower amphi bol  i t e  
facies, b u t  i n  places they have been retrograded to  lower greenschist  
fac ies.  Because no o ther  age data a re  ava i lab le ,  the age o f  p r o t o l i t h s  o f  the 
in t ruded metasedimentary rocks cannot be determined more p rec i se l y  than e i t h e r  
Devonian o r  pre-Devonian ( p r e - i n t r u s i  on). 

Jarv is  Creek Glac ie r  te r rane 

The J a r v i s  Creek Glac ie r  te r rane cons i s t s  o f  f ine-gra ined polydeformed 
s c h i s t  ( u n i t  pq, Fig. 2) der ived from sedimentary and vo lcan ic  rocks. 
Metasedimentary rocks are  p e l i t i c  sch i s t ,  qua r t z i t e ,  ca lc -sch is t ,  quar tz-  
fe ldspar  sch i s t ,  and marble. Metavolcanic rocks are meta-andesite and meta- 
quartz-keratophyre w i t h  some metadacite, metabasalt, and r a r e  metarhyo l i te .  
A l l  a re  c a t a c l a s t i c a l l y  deformed, r e c r y s t a l l i z e d ,  and metamorphosed under 
cond i t i ons  o f  the greenschist  fac ies.  U-Pb analyses o f  z i rcons  from 
metavolcanic rocks i n d i c a t e  a  Devonian ex t rus i ve  age o f  about 370 Ma 
(Nokleberg and A l e i n i  k o f f ,  1985). The sedimentary p r o t o l  i ths  are  a1 so 
considered t o  be o f  Devonian age, because they are  i n te r l aye red  w i t h  the  
metavolcanic s c h i s t  (Nokleberg and A l e i n i k o f f ,  1985). Nokleberg and Lange 
(1985) suggested t h a t  the  metavol canic rock - r i ch  p a r t  o f  J a r v i s  Creek Glac ie r  
te r rane may be c o r r e l a t i v e  w i t h  the To ta t l an i ka  Sch is t  ( u n i t  to ,  Fig. 2) t o  
t he  west i n  t he  Healy quadrangle because both groups o f  rocks i nc lude  abundant 
in termediate vo lcan ic  p r o t o l  i ths. 

Hayes Glac ie r  te r rane 

The Hayes G lac ie r  terrane cons i s t s  o f  two groups o f  p h y l l i t e s :  one i s  
dominant ly metasedimentary rocks w i t h  l i t t l e  t o  no metavolcanic rocks and the 
o the r  i s  main ly  metavolcanic rocks w i t h  moderate t o  abundant amounts o f  
metasedimentary rocks ( u n i t  pv, Fig. 2). Metasedimentary rock types are  
p e l  i t i c ,  quartrose, and quar tz - fe ldspar  p h y l l  i tes, and minor ca lc-phyl  1  i t e  and 
marble. Metavolcanic rocks inc lude meta-andesi te,  meta-quartz-keratophyre, 
and sparse metadacite and metabasalt. The rocks are  c a t a c l a s t i c a l l y  deformed 
and have been metamorphosed under condi t i o n s  o f  the lower and middle 
greenschist  facies. An e a r l y  s c h i s t o s i t y  i s  fo lded i n t o  r a r e l y  seen smal l-  
sca le  minor i s o c l i n a l  f o l d s  w i t h  a x i a l  planes p a r a l l e l  t o  s c h i s t o s i t y .  The 
domlnant s c h i s t o s i t y ,  which i s  post- fo ld ing,  d ips  moderately t o  s teep ly  
southward. Metamorphosed and deformed gabbro, diabase, and metagabbro d ikes  
a l s o  occur and, on the bas is  o f  s t r u c t u r a l  re la t i onsh ips ,  a re  be l ieved t o  be 
Late Cretaceous i n  age. Lamprophyre d ikes  and a  small a1 ka l  i-gabbro p lu ton  
were emplaced i n  e a r l y  T e r t i a r y ( ? )  time. 



Windy te r rane 

The Windy te r rane cons i s t s  predominantly o f  a r g i l l  i te, l imestone, marl, 
quartz-pebble s i l t s t o n e ,  quar tz  sandstone, metagraywacke, metaconglomerate, 
andesite, and d a c i t e  ( u n i t  ar ,  Fig. 2). Loca l l y  abundant megafossi ls and 
sparse conodonts i n d i c a t e  a S i l u r i a n ( ? )  and Devonian age f o r  these rocks. The 
rocks are  genera l l y  s l i g h t l y  deformed w i t h  poo r l y  developed sch i s tos i t y .  
Loca l ly ,  deformation i s  in tense and phyl  l o n i  t e  and protomyloni t e  have formed 
i n  narrow zones. Along i t s  southern margin adjacent  t o  the  Denal i  f a u l t ,  
shearing has been intense and abundant f a u l t  gouge has developed. Loca l ly ,  
low- rade metamorphic ef fects a r e  evident ( W  .J. Nokleberg , w r i t t e n  commun., 
19853. 

O r i g i n  o f  ter ranes 

The Lake George, Macomb, J a r v i s  Creek Glac ier ,  and Hayes Glac ie r  
terranes, on the bas is  o f  f i e l d  r e l a t i o n s  and s t r a t i g r a p h i c  and s t r u c t u r a l  
data, a re  considered t o  be, from n o r t h  t o  south, successively shal lower l e v e l s  
o f  a s ing le ,  now h i g h l y  metamorphosed and deformed, Devonian submarine igneous 
arc  (Nokleberg and A l e i n i k o f f ,  1985). The arc  i s  i n t e r p r e t e d  e i t h e r  as an 
i s l a n d  a rc  con ta in ing  a s l i c e  o f  con t i nen ta l  c r u s t  t h a t  contaminated the 
Devonian magmas, o r  as a submerged con t i nen ta l  -margin arc, w i t h  con t i nen ta l  
d e t r i t u s  being shed i n t o  a companion t rench and subduc tion-zone system 
(Nokleberg and A l e i n i k o f f ,  1985). The Windy te r rane i s  a1 so i n t e r p r e t e d  as o f  
i s land-arc  o r i g i n  and i s  considered t o  be a sur face- level  s l i c e  o f  a Devonian 
i s l a n d  arc  (W -3 .  Nokleberg, w r i t t e n  commun., 1985). 

Tanacross and Nabesna quadrangles 

Amphibol i te- fac ies gneiss and s c h i s t  i n c l u d i n g  augen gneiss ( u n i t  ag, 
Fig. 2) compose the  northwestern p a r t  o f  the Alaska Range j u s t  south o f  the 
Tanana R iver  i n  t h e  Tanacross quadrangle. The rocks are genera l l y  quartzose 
and commonly ga rne t i  ferous; calcareous rocks are  rare. The 1 i thology and 
metamorphic grade o f  the  rocks, i n c l u d i n g  the  augen gneiss, are s i m i l a r  t o  
those n o r t h  o f  the Tanana River  i n  subterrane Y . Quartz-mica s c h i s t s  i n  the i f o o t h i l l s  south o f  t he  Tanana River  i n  t he  sout -cent ra l  p a r t  o f  t he  Tanacross 
quadrangle ( u n i t  pc?, Fig. 2 )  have s i m i l a r i t i e s  i n  1 i thology and metamorphic 
grade t o  rocks i n  t h e  Hacomb te r rane o f  t he  Mount Hayes quadrangle. 

The rocks i n  the Alaska Range i n  the Tanacross quadrangle decrease i n  
metamorphic grade t o  t h e  south (Foster,  1970), and 10 t o  20 km south o f  the  
Tanana River  they a re  most ly  g reensch is t - fac ies  quartz-white-mica s c h i s t  2 
c h l o r i t e ,  quar tz-graphi te sch i s t ,  and q u a r t z i t e  ( u n i t  pq?, Fig. 2). A l l  o r  
p a r t  o f  these greenschist - fac ies rocks may be coextensive w i t h  the J a r v i s  
Creek G lac ie r  t e r rane  o f  the  Mount Hayes quadrangle. 

I n  the  southeastern corner  o f  the Tanacross quadrangle, low-grade 
metamorphic rocks a re  l a r g e l y  1 igh t -p ink ,  1 ight-green, gray, and tan p h y l l  i t e  
w i t h  d iscont inuous l aye rs  o f  marble and q u a r t z i t e  ( u n i t  pv?, Fig. 2). 
Greenstone a l so  occurs. Because these rocks are adjacent  t o  those o f  t he  
Hayes Glac ie r  te r rane and have some s i m i l a r  1 i thologies,  they a re  t e n t a t i v e l y  
cor re la ted .  This  group o f  rocks a l so  appears to  be coextensive w i t h  s i m i l a r  
rocks i n  the  Nabesna quadrangle t h a t  have been considered o f  Devonian age. 

I n  t he  Tanacross quadrangle, t he  greenschist - fac ies s c h i s t  and p h y l l i t e  
a re  i n t ruded  by dikes, s i l l s ,  and lenses o f  a l t e r e d  d i o r i t e  (no t  shown on map) 
which appear t o  be s l i g h t l y  metamorphosed (Foster,  1970). 



A1 though considerable decrease i n  grade o f  metarnorphi sm from amphi bol  i t e  
t o  greenschist  f a c i e s  i s  recognized from n o r t h  t o  south i n  the  Alaska Range 
w i t h i n  the Tanacross quadrangle, l i t t l e  d i f f e rence  has been noted i n  the 
deformational cha rac te r i s t i cs .  Fol i a t i o n  most comonly  s t r i k e s  northwest- 
southeast and d ips  predominant ly southwest, Large-amp1 i tude (several hundred 
meters) f o l d s  o f  l a y e r i n g  and ( o r )  s c h i s t o s i  ty are  v i s i b l e  i n  a few places, 
b u t  small fo lds (ampl i tudes o f  1 cm t o  more than a meter) a re  common. Sandra 
H.B. Clark { w r i t t e n  commun., 1972) recognized th ree  generat ions o f  fo lds .  The 
e a r l  i e s t  se t  o f  small, t i g h t  t o  i s o c l i n a l  fo lds w i t h  well-developed a x i a l  
plane sch i s tos i t y ,  f o l d  the  composit ional layer ing .  These f o l d s  are r a r e l y  
preserved. A second s e t  o f  f o l d s  deforms sch i s tos i t y ,  and they are t i g h t  t o  
i s o c l i n a l  w i t h  ax ia l -p lane sch i s tos i t y .  The th i rd -genera t ion  f o l d s  are k ink  
fo lds and deform bo th  previous generat ions o f  fo lds.  A1 though major f au l t s  
were n o t  mapped between u n i t s  i n  the  Tanacross quadrangle, the poss ib le  
ex is tence o f  such f a u l t s  was recognized (Foster, 1970). 

I n  t he  nor thern  p a r t  o f  the  Nabesna quadrangle, a group o f  greenschist -  
f a c i e s  rocks ( u n i t  pq?! Fig. 2) cons i s t s  most ly  o f  quartz-muscovite sch i s t ,  
quar tz-muscovi te-chlor i te  sch i s t ,  g r a p h i t i c  sch i s t ,  and minor calcareous mica 
sch is t .  These s c h i s t s  may be coextensive w i t h  the J a r v i s  Creek Glac ie r  
terrane.  To the  south, several groups o f  s l i g h t l y  metamorphosed sedimentary 
and mafic vo lcanic rocks have been mapped ( u n i t  Dm, Fig. 2). I n  the 
northwestern and nor th -cent ra l  p a r t  o f  t he  quadrangle, t h i s  u n i t  cons i s t s  
predominant ly o f  dark-gray phyl  1 i te, quar tz  i te, p o r c e l l  a n i  te, quartz-mica 
sch i s t ,  and marble. These rocks have been ex tens i ve l y  in t ruded by maf ic  
d i o r i t e  and gabbro, which were emplaced a f t e r  the main per iod  o f  f o l d i n g  and 
metamorphism (Richter ,  1976). Much o f  t h i s  area i s  inc luded i n  the Pingston 
te r rane o f  Jones and o thers  (1984), Far ther  south, p a r t l y  along the n o r t h  
s ide  o f  t he  Denal i  f a u l t ,  the  rocks are  c h i e f l y  p h y l l i t e  and metaconglomerate 
w i t h  subordinate quartz-mica s c h i s t  and qua r t z i t e .  Scattered along s t r i k e  are  
p innacled outcrops o f  r e c r y s t a l l i z e d  1 imestone, a few o f  which con ta in  rugose 
and tabu la te  c o r a l s  o f  Middle Devonian age. I n  the east-centra l  p a r t  o f  the 
quadrangle, probably bounded by f a u l t s ,  a re  weakly metamorphosed vo lcan ic  and 
v o l c a n i c l a s t i c  rocks ( u n i t  mv, Fig. 2). The western p a r t  o f  t h i s  u n i t  
cons i s t s  most ly  o f  andesi te and b a s a l t  f lows; the  eastern p a r t  i s  dominant ly 
vo lcan ic  sandstone, c h e r t y  a r g i l l i t e ,  qua r t z i t e ,  and t u f f .  Some o f  t h i s  area 
i s  inc luded i n  the  Windy and McKinley(?) terranes o f  Jones and o thers  
(1984). P r o t o l i t h s  o f  the metamorphic rocks o f  the Nabesna quadrangle a r e  
probably o f  Paleozoic age; the  few f o s s i l s  t h a t  have been found i n d i c a t e  t h a t  
they  may be l a r g e l y  Devonian. 

Healy and Mount McKinley quadrangles 

Uorkers i n  t h e  Healy and Mount McKinley quadrangles have recognized th ree  
major groups o f  metamorphic rocks; none a re  continuous i n  ac tua l  outcrop 
d i s t r i b u t i o n  w i t h  the  metamorphic rocks i n  t he  Mount Hayes quadrangle. The 
southernmost group, which i s  bounded on the south by the Hines Creek st rand o f  
t h e  Denal i  f a u l t  system, has been c a l l e d  the  B i r c h  Creek Sch is t  o f  former 
usage ( u n i t  bc, Fig. 2) (Wahrhaftig, 1968; G i l b e r t  and Bundtzen, 1979; and 
Bundtten, 1981). Nor th o f  t h i s  u n i t ,  a  second group o f  l e s s  c r y s t a l l i z e d  
rocks composes the Keevy Peak Formation ( u n i t  kp, Fig.  2); a  t h i r d  group of  
l i t h o l o g i c a l l y  d i ve rse  rocks has been inc luded i n  the  Tota lanika Sch is t  ( u n i t  
to, Fig. 2) ( ~ a h r h a f t i g ,  1968; and G i l b e r t  and Bundtzen, 1979). Di f ferences 
i n  degree o f  metamorphism, 1 i tho logy ,  and s t r u c t u r a l  h i s t o r y  suggest t h a t  
these u n i t s  a re  f a u l  t bounded (Wahrhaft ig , 1968). 



The southernmost u n i t  (bc, Fig. 2) cons i s t s  predominantly o f  quar tz-whi te 
mica sch is t ,  micaceous q u a r t z i t e ,  and lesser  amounts o f  g r a p h i t i c  sch is t ,  
porphyroc las t ic  quar tz- fe ldspar  sch is t ,  c h l o r i t e  sch i s t ,  greenstone, 
calcareous sch i s t ,  and marble ( G i l b e r t  and Bundtzen, 1979). It was completely 
r e c r y s t a l l i z e d  du r ing  two o r  more per iods o f  metamorphism, and the present 
metamorphic grade i s  o f  greenschist  f ac ies  i n  the  c e n t r a l  Healy quadrangle b u t  
i s  h igher  grade t o  the west and n o r t h  i n  the McKinley quadrangle (Bundtzen, 
1981; Wahrhaftig, 1968). I n  the McKinley quadrangle, Bundtzen (1981) 
recognized an upper greenschist - to-amphibol i te- fac ies prograde event fol lowed, 
a f t e r  an unknown i n t e r v a l ,  by re t rog ress i ve  metamorphism under cond i t ions  o f  
the lower greenschist  fac ies.  Bundtzen suggested t h a t  d i f f e rences  i n  
metamorphic grade o f  t h i s  u n i t  from southeast t o  northwest i n  t he  McKinley 
quadrangle may i n d i c a t e  d i f f e r i n g  s t r u c t u r a l  l eve l s ,  w i t h  deepest l e v e l s  t o  
t h e  northwest. The u n i t  i s  complexly fo lded and faul ted.  I t s  age i s  unknown, 
b u t  may be a t  l e a s t  p a r t l y  Paleozoic i f  rocks t h a t  conta in  echinodermal 
fragments belong t o  t h i s  u n i t  ( G i l b e r t  and Bundtzen, 1979). I n  the  Kantishna 
reg ion  of the McKinley quadrangle, Bundtzen t e n t a t i v e l y  assigned a Precambrian 
age t o  t h i s  u n i t ,  b u t  recognized t h a t  p a r t s  o f  i t  may be somewhat younger. 

The Keevy Peak Formation cons i s t s  o f  b lack  o r  dark-gray carbonaceous 
p h y l l  i te, b lack q u a r t z i t e ,  s t re tched conglomerate, gray, green, and purp le  
s la te ,  and wh i te  mica-quartz sch is t .  Textures a re  commonly myloni t i c  and some 
sch i s t s  con ta in  l a r g e  sca t te red  b l  uish-gray quar tz  gra ins,  probably 
porphyroclasts, These rocks are l e s s  i n tense ly  deformed and r e c r y s t a l l i z e d  
than those i n  t he  southernmost u n i t  "bc", bu t  have been i s o c l  i n a l l y  folded. 
Because the Keevy Peak Formation i s  o n l y  s l i g h t l y  metamorphosed, o r i g i n a l  
sedimentary features such as graded bedding, and cross-bedding are preserved 
l o c a l l y .  Wahrhaft ig (1968) i nd i ca ted  t h a t  the Keevy Peak Formation l i e s  
unconformably on u n i t  "bc". He a1 so s ta ted  "Several features suggest t h a t  t he  
s c h i s t  formations o f  the c e n t r a l  Alaska Range have been c u t  by numerous 
unmapped t h r u s t s  and t h a t  many o f  the  mapped l i t h o l o g i c  contacts between 
s c h i s t s  o f  d i f f e r e n t  u n i t s  are, i n  fac t ,  t ec ton i c  contacts whose o r i g i n a l  
na ture  has been obscured by subsequent metamorphism." That probably i s  the  
nature o f  t h i s  contact ;  i n  f ac t ,  Bundtzen (1981) bel ieved t h a t  i n  the 
Kantishna H i l l s  i t  i s  a t e c t o n i c  contact .  Scarce f o s s i l s  from the upper p a r t  
o f  the Keevy Peak Formation a re  Middle and Late Devonian i n  age ( G i l b e r t  and 
Redman, 1977). G i l b e r t  and Bundtzen (1979) suggested t h a t  the format ion may 
range i n  age from Ordovician t o  Devonian. 

The most n o r t h e r l y  and apparent ly  youngest metamorphosed format ion i n 
. t h i s  area i s  the  To ta t l an i ka  Schist ,  f i r s t  def ined by Capps (1912) and 
redef ined and d i v ided  i n t o  f i v e  members by Uahrhaf t ig  (1968). The 
c h a r a c t e r i s t i c  l i t h o l o g y  i s  quartz-orthoclase-sericite s c h i s t  (and gneiss) 
( u n i t  to, Fig. 2) t h a t  i n t e r f i n g e r s  complexly w i t h  a l a r g e  v a r i e t y  o f  
1 i tho log ies  i n  which f e l  s i c  and rnafic metavolcanic rocks predominate. G i l b e r t  
and Bundtten (1979) described th ree  main 1 i thologies:  metafe l  s i t e ,  
metabasi te, and metasedimentary rocks. The metafe l  s i  t e  cons i s t s  p r i m a r i l y  o f  
p o r p h y r i t i c  metarhyol i t e  and f e l  s i c  meta tu f f ,  now p r i m a r i l y  quar tz  orthoclase, 
wh i te  mica s c h i s t  and gneiss. Wahrhaft ig (1965) described l a r g e  augen o f  
potassium fe ldspar  2.5 t o  25 mm i n  diameter and smal ler  augen o f  quartz.  
G i l b e r t  and Bundtzen (1979) considered these as r e l i c t  phenocrysts; many o f  
these rocks are probably myloni t es  ( terminology o f  Wise and others, 1984). 
The metabasi t e  i s  p r i m a r i l y  metabasal t, probably calc-a1 ka l  ine, b u t  there  are  
a1 so minor amounts o f  in termediate composit ion metavolcanic rocks. 
Metasedimentary rocks predominate i n  the upper p a r t  o f  the To ta t l an i ka  Schist ;  



t h e i r  p r o t o l  i t hs  inc luded sandstone, s i l  tstone, and t u f f .  Local ly, the rocks 
are calcareous, and carbonate l a y e r s  occur. R e l i c t  sedimentary tex tures  are  
recognized i n  places. A b lack  p h y l l i t e ,  i nd i s t i ngu i shab le  from black p h y l l i t e  
i n  the Keevy Peak Formation, i s  i n t e r l a y e r e d  w i t h  metavolcanic rocks 
throughout t he  T o t a t l a n i  ka Schist .  

The T o t a t l a n i  ka Sch is t  has undergone low-grade reg iona l  metamorphism, i n  
most places probably no h igher  than low greenschist  fac ies .  A l a r g e  component 
o f  the reg iona l  event has been dynamic r a t h e r  than thermal, as evidenced by 
extensive development o f  myloni t e  (Bundtzen, 1981). Mica c renu l  at ions,  
cleavage, and i s o c l i n a l  f o l d i n g  are common i n  the l e s s  competent l aye rs  o f  the 
u n i t .  

A few f o s s i l s  found i n  the Tota t lan ika  Sch is t  suggest t h a t  i t  probably 
ranges from l a t e  Devonian t o  Miss iss ipp ian  i n  age. G i l b e r t  and Bundtren 
(1979) proposed t h a t  i t  may c o n s i s t  l a r g e l y  of vo lcanic-arc deposi ts  formed 
above a subduction zone along the western margin o f  North America. 

Mesozoic igneous rocks 

I n  the  Tanacross, Nabesna, and Mount Hayes quadrangles, g r a n i t i c  rocks, 
probably most ly  o f  Cretaceous age, i n t r u d e  the metamorphic rocks. They range 
i n  composit ion from quartz  d i o r i t e  t o  quar tz  monzonite and are s i m i l a r  i n  
composit ion and age t o  g r a n i t i c  rocks t h a t  cover l a r g e  areas o f  the YT n o r t h  
o f  t he  Tanana River. In t h e  Mount Hayes quadrangle they occur i n  t h e  Macomb, 
J a r v i s  Creek Glacier,  and Hayes Glac ie r  terranes. Nokleberg and o thers  (1986) 
considered them t o  be s l i g h t l y  t o  moderately metamorphosed and suggested t h a t  
they were in t ruded du r ing  the waning stage o f  an Ear l y  Cretaceous reg iona l  
metamorphism. 

Only a few small g r a n i t i c  bodies a re  found i n  the Tanacross quadrangle 
south o f  t he  Tanana River, b u t  i n  the  Nabesna quadrangle th ree  f a i r l y  l a r g e  
p lu tons  occur. They are  dominantly quar tz  monzoni te, a1 though they vary  
w ide l y  i n  composition. Most are f o l i a t e d  and have no phenocrysts (Richter ,  
1976). The Gardiner Creek p lu ton  (Richter ,  1976) i n  the nor theastern corner  
o f  the  Nabesna quadrangle i s  probably coextensive w i t h  the g r a n i t i c  p lu tons  o f  
the  YTTN i n  the southeastern p a r t  o f  the Tanacross quadrangle. 

The Hayes G lac ie r  te r rane i s  i n t ruded  a lso  by  maf ic  dikes, comnonly much 
deformed and metamorphosed. They a re  considered o f  mid- o r  Late Cretaceous 
age (W.J. Nokleberg, w r i t t e n  comun., 1985). I n  t he  the  c e n t r a l  p a r t  o f  
J a r v i s  Creek Glac ie r  terrane, an i n t r u s i v e  s u i t e  o f  monzoni te, a1 ka l  i gabbro, 
lamprophyre, and quar tz  d i o r i t e ,  o f  e a r l y  T e r t i a r y ( ? )  age, i s  p a r t l y  
surrounded by a r i n g  d i k e  o f  quar tz  monzoni te ,  Loca l l y  extensive lamprophyre 
d ikes and a l k a l i  gabbro are probably temporal ly  associated w i t h  t h i s  su i t e .  
Foley (1982) described two d i k e  swarms o f  unmetamorphosed potass ic  a1 k a l i -  
igneous rocks, one near the  West Fork o f  t he  Robertson River  and the  o ther  t o  
the eas t  near the Tok River, and suggested t h a t  they are  the youngest igneous 
rocks o f  t he  area (Late Cretaceous). They inc lude b iot i te- lamprophyre d ikes  
and s i l l s ,  associated brecc ia  dikes, and a stock o f  a1 kal  i gabbro and a1 ka l  i 
d i o r i t e .  Some of  t h e  maf ic  rocks o f  t h e  Mount Hayes quadrangle may be r e l a t e d  
t o  those i n  the southern p a r t  o f  the Tanacross quadrangle (Fostbr, 1970) 
and(or) Nabesna quadrangle (Richter ,  1976). 

Mineral  resources 

I n  t h e  southern p a r t  o f  the  YT, go ld  has been produced from p lace r  
deposits,  and gold, s i l v e r ,  antimony, and l ead  have been produced from several 



types o f  v e i n  deposits.  Other types o f  deposi ts  present i n  the te r rane 
i nc lude  skarn or t a c t i  t e  deposits,  copper ve in  deposits,  and stratabound 
aur i fe rous-su l  f i d e  bodies.. Recent exp lo ra t i on  f o r  volcanogenic massive 
su l f i de  deposf t s  has i d e n t i f i e d  a number o f  s i g n i f i c a n t  prospects and 
occurrences, Perhaps the most important  mineral  ' resource o f  t h i s  reg ion  i s  
coal,  which occurs i n  T e r t i a r y  sedimentary rocks. Figure 4 shows the  
d i s t r i b u t i o n  o f  se lected lode deposits,  prospects, and occurrences i n  the 
southern YT. 

Gold p lacers  

Placer depos i ts  o f  the  B o n n i f i e l d  and Kantishna d i s t r i c t s  (Nos. V I I  and 
V I I I ,  Fig. 4) each y ie lded  about 45 t o  50 thousand ounces o f  gold between 
t h e i r  d iscovery i n  1903 and 1960 (Cobb, 1973). The p lacers  are main ly  o f  
stream, b u t  inc lude bench type. Sources o f  the gold a re  thought t o  be the 
var ious  ve in  and stratabound-lode depos i ts  t h a t  occur i n  the  d i s t r i c t s .  

Vein deposi ts  

Most ve in  depos i ts  o f  the  southern YT belong t o  th ree  types i d e n t i f i e d  by 
Bundtzen ( t h i s  volume) i n  the Kantishna d i s t r i c t :  (1) au r i f e rous  quar tz-  
arsenopyrite ve ins  such as the  Banjo (No. 20, Fig. 4), (2)  galena-sphaler i te-  
t e t rahedr i t e -su l  fosa l  t veins, such as Qu ig ley  Ridge (No. 21, Fig. 4), and (3,) 
simple s t i b n i  te-quar tz  ve ins such as Stampede, Rambler, Glory Creeks and Rock 
Creek (No. 19, Fig.  4). 

Volcanogenic massive su l  f i d e  deposi ts  

Most o f  the  volcanogenic-massive s u l f i d e  prospects and occurrences a re  
loca ted w i t h i n  the  metavolcanic p a r t  o f  the J a r v i s  Creek Glac ie r  t e r rane  
(Lange and Nokleberg, 1984). Important  occurrences are known a t  Anderson 
Mountain (Freeman, t h i s  volume) (No. 22, Fig. 4); near Dry Creek (Gaard, t h i s  
volume) (No. 23, Fig. 4);  Miyaoka, Hayes Glac ier ,  and McGinnis G lac ie r  (Lang 
and Nokleberg, t h i s  volume) (Nos. 24 and 25, Fig. 4); and i n  the De l ta  
d i s t r i c t  (Nauman and Newkirk, t h i s  volume) (No. 26, Fig. 4). The depos i ts  
have many c h a r a c t e r i s t i c s  o f  deposi ts  associated w i t h  f e l s i c  and in termediate 
vo lcan ic  rocks t h a t  form i n  is land-arc se t t ings .  

Coa 1 

Two coal f i e l d s ,  the Nenana and J a r v i s  Creek (D and C, Fig. 4 ) ,  occur 
w i t h i n  nonmarine sedimentary rocks o f  the T e r t i a r y  coal -bear ing format ion o f  
l o c a l  usage, The Nenana f i e l d ,  which cons is ts  o f  several separate basins, has 
been a s i g n i f i c a n t  source o f  coal  i n  Alaska, and both f i e l d s ,  whose 
c h a r a c t e r i s t i c s  a re  sumnarized i n  Table 3, con ta in  subs tan t i a l  resources. 



Table 3.--Coal f i e l d s  o f  the southern part o f  the YT' 

Reserves/ 
resour CeS 

F ie l d  Size Structure (tonnes) Seam Rank Sul fu r  Devel opnent 
proven character- content status 
indicated i s t i c s  
i n f  erred 

Nenana Several basins Open 780 x 10; Separate Sub- Low 
129 km by 16 folds and 5400 x l o 6  basins con- b i  t v l i m u s  
t o 4 8 k n ( 8 0  a f m  7900 x 10 t a i n  8-9 seams 
by 10 t o  30 f au l t s  that are a t  
mi les)  leas t  1.5 and up 

t o  20 m thick. 

Jarvis 40 km2 Open 0.3 x lo6 Basin Sub- Low 
Creek (16 m i 2 )  f o l  ds 12.5 x lo6 contains 30 b i tm inous  

seams t ha t  
vary i n  th ick-  
ness from 0.3 
t o  2.3 m 

Produces a bout 
800,000 t ons l y r  
f o r  l oca l  use. 
Export planned, 

Sane past pro- 
duction. Pres- 
ent ly  being 
developed f o r  
loca l  use. 

l ~e fe rences :  Barnes (1967); Eakins and others (1983); Wahrhaftig and Hickcox (1955). 



Sedimentary rocks 

T e r t i a r y  nonmarine sedimentary rocks ( u n i t  Ts, Fig. 2) are f a i r l y  
extensive i n  the nor thern  p a r t  o f  the Healy and southern p a r t  o f  the Fairbanks 
quadrangle and a1 so occur i n  t he  southeastern B ig  Delta, nor theastern and 
nor th -cent ra l  p a r t  o f  the Mount Hayes, and nor theastern p a r t  o f  the Mount 
McKinley quadrangle. Two d i s t i n c t  un i t s ,  shown as one composite u n i t  i n  
Figure 2, have been recognized, the coal  -bearing formation and the o v e r l y i n g  
Nenana Gravel. 

The coal  -bearing formation i s  an i n f o r m a l l y  designated sequence o f  l o c a l  
usage c o n s i s t i n g  o f  interbedded lenses o f  poo r l y  consol idated sandstone, 
s i l t s t o n e ,  claystone, conglomerate, and l i g n i t i c  and subbituminous coal  
(Wahrhaft ig and Hickcox, 1955). The genera l l y  uncemented and poo r l y  t o  
moderately consol idated rocks erode readily.  Both 1 i tholagy and th ickness 
vary  g r e a t l y  over s h o r t  distances, and the  range i n  thickness can be a t  l e a s t  
p a r t l y  a t t r i b u t e d  t o  depos i t ion  on an uneven eros ion surface o f  deeply 
weathered metamorphic rocks ( ~ a h r h a f t i  g and Hickcox, 1955). The t o t a l  
th ickness o f  the coal  -bearing format ion reaches several hundreds o f  meters. 
Bedding i s  genera l l y  ho r i zon ta l  o r  has gen t l e  dips. I n  places the format ion 
has been warped and fau l ted .  The number and thickness of  coal  beds i s  
v a r i a b l e  throughout the  formation, b u t  i n  the Nenana coal  f i e l d  there  are  a 
l a r g e  number and they range i n  th ickness from a few cent imeters t o  20 m 
(Barnes, 1967). I n  most places o n l y  a few coal  beds are t h i c k e r  than 60 cm. 
The coal -bear ing format ion has l ong  been considered o f  T e r t i a r y  age, b u t  i t s  
p o s i t i o n  w i t h i n  the  T e r t i a r y  i s  uncer ta in.  A Miocene age i s  considered 
probable (Holmes and Foster, 1968). 

The Nenana Gravel cons i s t s  l a r g e l y  o f  poo r l y  t o  moderately consol Sdated, 
p o o r l y  cemented, f a i r l y  we1 1 sor ted  conglomerate and sandstone (Wahrhaft ig , 
1958). Pebbles i n  the conglomerate are  genera l l y  s l i g h t l y  weathered. The 
format ion i s  more r e s i s t a n t  t o  eros ion than the  under ly ing  coal -bearing 
format ion and commonly supports steep c l i f f s  15 t o  30 m h igh (Wahrhaftig, 
1958). It va r ies  i n  th ickness bu t  i s  known t o  exceed 1,300 m t h i c k  i n  
places. It genera l l y  has about the same a t t i t u d e  as the coal -bear ing 
formation, a1 though a minor unconforrni t y  l o c a l l y  occurs between these u n i t s ,  
Thus the Nenana Gravel has a l so  been warped and fau l ted  s ince deposit ion. 
Patches o,f poo r l y  consol idated gravel on the n o r t h  f lank  o f  the Alaska Range 
i n  the Mount Hayes quadrangle may be eros ional  remnants o f  the Nenana Gravel 
(Holmes and Foster, 1968). The exact  age of  the formation i s  uncer ta in.  I t  
has been considered Miocene o r  younger; Pl iocene i s  the most probable age, 
based on p o l l e n  s tud ies  ( ~ o l m e s  and Foster, 1968). Most recent ly ,  Wol f e  and 
Toshimasa (1980) have considered the Nenana t o  be l a t e  Miocene and e a r l y  
Pl iocene on the bas is  o f  Clamgulchian stage f o s s i l s  w i t h i n  the  u n i t .  

Geophysical . data 

Comparatively few geophysical s tud ies  f o r  the  YT have been published. 
Aeromagnetic maps are  a v a i l a b l e  f o r  most o f  the quadrangles a t  scales o f  
1 :250,000 and 1 :63,360, and i n t e r p r e t a t i o n s  o f  the aeromagnetic maps have been 
made for  the Nabesna (Griscom, 1975), Tanacross (Griscom, 1976), B ig  Del ta 
(Griscom, 1979), and C i r c l e  (Cady and Weber, 1983) quadrangles. No reg iona l  
aeromagnetic i n t e r p r e t a t i o n  t h a t  inc ludes  the YT has been made s ince an e a r l y  
s tud  based on w ide ly  spaced (10 m i l e s )  f l i g h t  l i n e s  (Brosgt! and others, 
19707. Ava i l ab le  g r a v i t y  data for the YT are  shown on the Bouguer g r a v i t y  map 
o f  Alaska (Barnes, 1977). G rav i t y  maps have been publ ished f o r  t he  Nabesna 



Figure 5. tlap showing distribution of ultramafic rocks and associated greenstones, 

sedimentary, and metasedimentary rocks of the Seventymile terrane. !lap after - 
Foster (1976). Neber and others (1978). and Keith and others (19R1). 



and C i r c l e  quadrangles a t  scales o f  1:250,000 (Barnes and Morin, 1975; Cady 
and Barnes, 1983). The dens i t y  o f  g r a v i t y  s t a t i o n s  and qua1 i ty o f  data are 
v a r i a b l e  throughout the YT. Geophysical methods have been used by p r i v a t e  
i n d u s t r y  i n  exp lo ra t i on  f o r  asbestos, copper porphyry, and o ther  types o f  
deposits.  Some o f  the geophysical work being done on the Trans-Alaska Crusta l  
Transect (TACT) w i l l  i nc lude p a r t s  o f  t he  YT. 

Seventymi 1 e terrane 

The Seventymile te r rane i s  a discont inuous be1 t o f  a1 pine-type u1 tramafic 
rocks and associated s l i g h t l y  metamorphosed maf ic  vo lcanic and sedimentary 
rocks t h a t  have been t h r u s t  upon and imbr icated w i t h  rocks o f  subterranes Y Z and Y4 o f  the YTTN. Churkin and o thers  (1982) r e f e r r e d  t o  these rocks as t e 
Salcha terrane. The be1 t t rends nor thwester ly  from the  Yukon T e r r i t o r y  i n t o  
the nor thern  pa r t  o f  the Eagle quadrangle; i n  the nor theastern p a r t  o f  the 
B i g  Del ta quadrangle the b e l t  i s  d isp laced t o  t he  south along the  northwest 
s ide o f  the Shaw Creek f a u l t .  From there  i t  t rends southwestward t o  the 
center  o f  the  Fairbanks quadrangle (Fig. 5) .  F ive l a r g e  p e r i d o t i t e  bodies 

Figure 5 here. 

( the  p e r i d o t i  t es  o f  Boundary, American Greek, Mount Sorenson, Salcha River  
( "Na i l "  a l loch thon o f  Southworth, 1984), and Wood River  But tes)  and th ree  
areas o f  massive greenstone bodies ( t h e  greenstones o f  Wol f Mountain, Chicken, 
and Ketchumstuk), make up the  main p a r t  o f  the  Seventymile terrane. (These 
are  l abe led  1 t o  5 and I t o  111, respect ive ly ,  on Figure 5.) Some o f  these 
rocks i n  t h e  Eagle quadrangle have been described prev ious ly  as p a r t s  o f  a 
dismembered oph io l  i t e  (Foster  and Kei th,  1974; K e i t h  and others, 1981). 
Numerous spo rad ica l l y  d i s t r i b u t e d  small lenses o f  serpent in ized p e r i d o t i t e  and 
s e r p e n t i n i t e  c rop  o u t  south o f  the main be1 t o f  u l  t ramaf ic  rocks (Ke i th  and 
Foster, 1973), e s p e c i a l l y  i n  t h e  Eagle quadrangle, suggesting t h a t  they may 
have come o f f  the so le  of the t h r u s t  f a u l t  a t  the base o f  the Seventymile 
terrane. 

Ul t ramaf ic  rocks 

The l a r g e s t  outcrops o f  the Seventymile terrane are  composed main ly  o f  
a1 p iqe- type u l  t ramaf ic  rocks. The p e r i d o t i  t e  o f  Boundary c vers approximately 
8 krn , the  p e r i d o t i t e  o f  American Cre k approximately 31  k g ,  the  p e r i d o t i t e  
o f  Mount Sorenson approximately 41 km5 the p e r i d o t i t e  o f  Salcha River  i s  40 
km l ong  and covers approximately 80 km2, and the  p e r i d o t i t e  o f  Wood River  
But tes  covers approximate1 y 6 km2. The rocks are mai n l  y p a r t l y  serpent i  n ized 
ha rzbu rg i te  and duni te,  w i t h  minor amounts o f  c l inopyroxen i te .  Chromite, 
l o c a l l y  present, i s  nowhere abundant. Secondary magneti te t h a t  developed 
du r ing  se rpen t i n i za t i on  i s  comnon. Tectonic i nc lus ions  o f  r o d i n g i t e  occur i n  
the l a r g e  pe r ido t  i t e  bodies. Bodies o f  coarse-grained cumulate gabbro are  
associated w i t h  t h e  p e r i d o t i t e  o f  Mount Sorenson. Si l ica-carbonate zones are  
w e l l  developed a t  the base o f  the p e r i d o t i t e  o f  Salcha River  and l o c a l l y  
developed i n  the  p e r i d o t i  t e  o f  Mount Sorenson. 

Small se rpen t i n i  t e  bodies, many o f  which have re1 i c t  harzburgi t e  texture,  
c rop  out as lenses or pods. Loca l ly ,  t he  small bodies have a r i n d  o f  
a c t i n o l i t e  and ( o r )  c h l o r i t e ,  o r  hard s l i p - f i b e r  serpent ine, a t  the contac t  
w i t h  count ry  rock, i n d i c a t i n g  a tec ton i c  r e l a t i o n s h i p  w i t h  the adjacent  
rocks. The d i s t r i b u t i o n  o f  the small outcrops i s  i r r e g u l a r ,  and they appear 



t o  be t h r u s t  upon, in fo lded,  and imbr icated w i t h  metamorphic rocks o f  
subterranes Y 3  and Y . One o f  these small bodies, the se rpen t i n i  t e  o f  S la te  
Creek (No. 6, Fig. 5f, con ta ins  asbestos i n  p o t e n t i a l l y  commercial qusnt i  t i e s  
(Foster,  1969; Mu l l  ins ,  and others, 1984). 

Vol can i c rocks 

Greenstone bodies, o r i g i n a l l y  basal t i c  p i 1  low lavas and maf ic  lava  flows, 
a re  c l o s e l y  associated w i t h  the massive p e r i d o t i t e  bodies a t  a l l  the major 
outcrops. Large masses o f  greenstone w i t h  minor associated s e r p e n t i n i t e  and 
s i l  ica-carbonate lenses a l s o  c rop  o u t  as t h r u s t  remnants (Nos. I, 11, and 111, 
Fig. 5). The greenstones i n  t he  south-centra l  p a r t  o f  the  Eagle quadrangle 
(No. 11, Fig. 5). which l i e  upon subterrane Y4, show thermal e f f e c t s  from the 
adjacent  Taylor  Mountain b a t h o l i t h .  The greenstones a re  composed main ly  o f  
c h l o r i t e ,  a c t i n o l  i te, epidote, feldspar, magnetite, quar tz ,  and c a l c i t e .  

Tu f f  t h a t  i s  metamorphosed t o  lower greenschist  fac ies  and genera l l y  
conta ins  s i g n i f i c a n t  amounts o f  c a l c i t e  and c h l o r i t e  i s  associated w i t h  
greenstone i n  many places. 

Associated w i t h  the p e r i d o t i t e  o f  Mount Sorenson are  diabase d ikes  and 
plugs; some are metamorphosed and con ta in  small amounts o f  pumpel ly i  t e  and 
prehni  te. Unmetamorphosed basal t i c  p i  11 ow 1 avas and p o r p h y r i t i c  s i  1 i c i c  
vo lcan ic  rocks c rop  o u t  a t  the  eastern end o f  the  p e r i d o t i  t e  o f  Mount Sorenson 
and are  i n  contac t  w i t h  cumulate gabbro. 

A t  one l o c a l i t y  (A, Fig. 5), i n  the  nor th -cent ra l  p a r t  o f  t he  Eagle 
quadrangle, glaucophane, ep i  dote, and sphene have formed from basal t i c  1 ava 
under b luesch is t  metamorphic cond i t i ons  (Foster and Keith, 1974). 

Metasedimentary rocks 

Low-grade metasedimentary rocks w i t h i n  the Seventymil e te r rane are cher t ,  
a r g i  11 i te, sandstone, congl omera t e a  graywacke, and f i ne-grai ned dark-gray 
1 imestone. Many were deposited a1 t e r n a t e l y  w i t h  submarine basal t i c  l ava  
flows, which now are  the greenstones; o thers  were deposited l a t e r  i n  l o c a l  
basins. Probably a l l  a re  submarine i n  o r i g i n  and were deposited p r i o r  t o  
t h r u s t i n g  o f  the Seventymile terrane. 

Chert i s  found i n  c lose  assoc ia t i on  w i t h  some o f  the greenstones and 
maf ic  vo lcan ic  rocks. Most i s  s l i g h t l y  r e c r y s t a l l i z e d  w i t h  abundant s i l i c a  
veins and ve in le t s .  Radio lar ians and conodonts i n d i c a t e  an Ear l y  Permian age 
fo r  a red che r t  associated w i t h  the  p e r i d o t i t e  o f  Salcha River  (Foster  and 
others,  1978). No foss i  1 s have been found i n  adjacent very 1 ow grade 
metamorphosed graywacke sandstone and conglomerate. S l i g h t l y  r e c r y s t a l l i z e d  
c h e r t  associated w i t h  p i l l o w  basa l t s  on the southeast s ide o f  the p e r i d o t i t e  
o f  Mount Sorenson has n o t  yet y i e l d e d  f o s s i l s .  However, Miss iss ipp ian  
r a d i o l a r i a n s  occur i n  red and gray c h e r t  on the n o r t h  s ide  o f  the p e r i d o t i t e  
o f  Mount Sorenson (D.L. Jones, personal commun., 1984). 

S l i g h t l y  metamorphosed sedimentary rocks n o r t h  o f  the For tymi le  River  (B, 
Fig. 5 )  inc lude a r g i l l  i te ,  vo lcan ic  conglomerate, and f ine-gra ined b lack 
l imestone. An e a r l y  Late T r i a s s i c  age ( e a r l y  Ear ly  Norian) f o r  a much 
f rac tu red  and deformed carbonaceous 1 imestone i s  i nd i ca ted  by the  conodont 
Ep igonodo l le l la  p r i m i t a  Mosher (T.R. Carr, personal commun., 1985). Some o f  
these rocks a r e  s i m i l a r  t o  those near t h e  C l i n t o n  Creek asbestos depos i t  i n  
the Yukon T e r r i t o r y  t h a t  a re  considered t o  be Late T r i a s s i c  i n  age by Abbott 
(1982) on the bas is  o f  a conodont. Metasedimentary rocks ( t u f f ,  a r g i l l i t e ,  
and 1 imestone) o f  s l  i g h t l y  h igher  metamorphic grade are  associated w i  t h  
greenstones i n  t h e  south-centra l  p a r t  o f  t he  Eagle quadrangle (C, Fig. 5). 



Metamorphi sm 

Much o f  t he  pervas ive  se rpen t i n i za t i on  o f  the u l t r a m a f i c  rocks i s  
associated w i t h  hydra t ion  du r ing  emplacement i n t o  the c rus t .  Large p e r i d o t i t e  
masses show no i n t e r n a l  t e x t u r a l  e f f e c t s  from regional  metamorphism. However, 
many o f  the smal ler  u l  t ramaf ic  bodies l o c a l l y  have f o l i a t i o n  and low-grade 
metamorphic minera l  assemblages where they have been imbr icated w i t h  p a r t s  o f '  
subterranes Y3 and Y4. Metamorphism o f  mafic vo lcanic rocks may have 
occurred, i n  par t ,  w i t h i n  an ocean bas in  p r i o r  t o  t h rus t i ng .  However, I 

t h r u s t i n g  and low-grade reg iona l  greenschi s t  metamorphism has had some e f f e c t  
on the  rocks, as i nd i ca ted  by c ross -cu t t i ng  v e i n l e t s  o f  serpent ine ( i n c l u d i n g  
c ross - f i be r  asbestos), magnetite, c h l o r i t e  (pennin i  te), a c t i n o l  i te, 
anthophyl l  i te ,  and magnesi te. Closely  associated t u f f  and sedimentary rocks 
show e f f e c t s  o f  low-grade reg iona l  metamorphism by a weak b u t  d i s t i n c t  
f o l i a t i o n  and c h l o r i  t i z a t i o n  o f  ferromagnesian minerals.  

S t r u c t u r a l  re1 a t i  onshi ps 

The Seventymile te r rane has been t h r u s t  i n t o  i t s  present p o s i t i o n  w i t h  
respect  t o  the under ly ing  metamorphic rocks o f  the Yukon-Tanana terrane. 
Thrust planes are  n e a r l y  ho r i zon ta l  i n  most places. Imbr ica te  t h r u s t i n g  o f  
serpent in ized p e r i d o t i t e  w i t h  subterrane Y4 and u n i t s  "ws" and "qs" o f  
subterrane Y j  i s  p reva len t  i n  the  c e n t r a l  and extreme southeastern p a r t  o f  t he  
Eagle quadrangl e. 

The a1 p i  ne-type u l  t ramaf ic  rocks, o r i g i n a l  l y  derived from the mantle, 
were emplaced i n t o  oceanic c r u s t  (Coleman, 1977) i n  an ocean bas in  opening 
between subterranes Y1 and Yq,  and a l so  between subterranes Y1, and Y2. 
Later ,  as the ocean basin g radua l l y  c losed and the tec ton i c  components o f  
Alaska moved northward i n t o  t h e i r  present pos i t ions ,  some o f  the rocks o f  the 
ocean bas in  (Seventymile te r rane)  were obducted southward onto subterrane Y4, 
b u t  most were t h r u s t  northward as several s l i c e s  onto subterrane Y . The 1 l a r g e  p e r i d o t i t e  bodies were the  l ead ing  edge o f  the main t h r u s t  s  eet, and 
are  s t r u c t u r a l l y  the h ighes t  p a r t  o f  the Seventymile terrane. These were 
fo l lowed by t h r u s t i n g  o f  the  greenstone and associated metasedimentary 
rocks. The t r a c e  o f  the former ocean bas in  i s  now ind i ca ted  p r i m a r i l y  by the 
d i s t r i b u t i o n  o f  t he  rocks o f  the  Seventymile te r rane l y i n g  i n  an arcuate b e l t  
upon subterrane Y3 (Fig. 5). 

Minera l  resources 

The Seventymil e te r rane conta ins  1 arge deposi ts  o f  asbestos, minor 
occurrences of gold, and repor ted  minor occurrences o f  n i cke l  and chromium. 
The go ld  occurrences were discussed under the  Seventymile d i s t r i c t  o f  t he  
YTTN; because present  in fo rmat ion  suggests t h a t  the n i c k e l  and chromium 
occurrences are  small, they are n o t  discussed fu r the r .  

Asbestos 

Asbestos occurs i n  two geologic  s e t t i n g s  w i t h i n  the  Seventymile terrane;  
(1 )  i n  large,  p a r t i a l l y  serpent in ized u l  t ramaf ic  bodies, many o f  which have 
associated greenstone, and (2 )  i n  small se rpen t i n i  t e  bodies ( K e i t h  and Foster, 
1973). Large depos i ts  and prospects a re  conf ined t o  the second geologic  
s e t t i n g  and inc lude the  S la te  Creek depos i t  (No. 9. Fig. 4), t he  Champion 
Creek prospect (No. 11, Fig. 4) (Mu l l i ns  and others, 1984), and the L i b e r t y  



Creek prospect (No. 12, Fig. 4).  Large deposi ts  (C l i n ton  Creek and Caley) 
occur i n  the  same geologic s e t t i n g  i n  the Yukon T e r r i t o r y  (Abbott, 1982). The 
S la te  Creek depos i t  has repor ted reserves o f  60 m i l l i o n  tons o f  ore conta in ing  
6.4 percent  f i b e r  o f  good q u a l i t y  f o r  asbestos cement products (Mu l l i ns  and 
others, 1984) and 67 m i l l  i o n  tons o f  i nd i ca ted  and poss ib le  ore. The deposi ts  
and prospects share a number o f  comnon c h a r a c t e r i s t i c s .  The asbestos 
( c h r y s o t i l e )  occurs as cross f i be r  i n  t h i n  (0.03 t o  2 cm th i ck ) ,  c l o s e l y  
spaced ve ins  i n  small bodies o f  serpent in ized u l t ramaf ic  rock  t ha t  have been 
completely serpent in ized ( ~ o s t e r ,  1969; Hytoon, 1979). The margins of many o f  
these bodies conta in  f i b r o u s  a c t i n o l i t e  and s l i p  f i b e r  serpent ine, i n d i c a t i n g  
t h a t  the bodies have been sheared. 

The deposi ts  and prospects are conf ined t o  a narrow tone t h a t  i s  
approximately p a r a l l e l  t o  the  contac t  o f  amphibol i te- fac ies rocks w i t h  
greenschist - fac ies rocks. This contac t  was i n t e r p r e t e d  as a t h r u s t  f a u l t  by 
Foster and o thers  (1984). The t h r u s t  f a u l t  probably was formed i n  e a r l y  Middle 
Jurassic  t ime by the  c losure  o f  a l a t e  Paleozoic and e a r l y  Mesozoic ocean 
(Foster  and others, 1984), and the  small, f ractured, completely serpent in ized 
u l t r a m a f i c  bodies t h a t  host  the asbestos deposi ts  and prospects may be p a r t  o f  
t he  so le  o f  t he  t h r u s t  o f  the  Seventymile terrane. 

Qua te rna ry  geology o f  east-centra l  Alaska 

A very  l a r g e  p a r t  o f  eas t -cent ra l  Alaska i s  covered by Quaternary 
deposits.  Almost a l l  o f  the Fairbanks quadrangle i s  thus covered, and the  few 
na tu ra l  outcrops occur most ly  along r i v e r s  and streams and on the h ighest  
h i  11 tops. Quaternary depos i ts  a r e  unconsol idated, b u t  many o f  them are 
p e r e n n i a l l y  frozen. I n  t he  p a r t  o f  eas t -cent ra l  Alaska here considered, t he  
l a r g e s t  area o f  Quaternary depos i ts  i s  i n  the Tanana River  va l l ey ,  and 
widespread e o l i a n  depos i ts  on the  surrounding uplands a l so  were der ived from 
the Tanana va l l ey .  Quaternary deposi ts  have had a major r o l e  i n  the economy 
of eas t -cent ra l  Alaska i n  many ways, p a r t i c u l a r l y  as a source o f  r i c h  go ld  
placers, and o f  sand and gravel.  

Ancient gravel s 

Several small areas o f  unconsol idated, poorly,  o r  p a r t l y  consol i da ted  
gravel  a re  found a t  h igh  e leva t i ons  i n  p a r t s  o f  the nor thern Alaska Range and 
i n  the YTTN o f  the Tanacross quadrangle. These gravels i n  t he  nor thern  Alaska 
Range resemble the T e r t i a r y  Nenana Gravel and have genera l l y  been co r re la ted  
w i t h  it. However, some o f  these grave ls  may be o f  e a r l y  Ple is tocene age. I n  
the nor thern  Alaska Range, they occur a t  e leva t ions  j u s t  under 1,000 m t o  
1,200 m. They are  genera l l y  o n l y  a few meters th i ck ,  we l l  rounded, deeply 
weathered, and apparent ly  f l a t  l y i n g .  They r e s t  unconformably on metamorphic 
rocks or on coal-bearing sedimentary rocks  (Foster,  1970). Small areas o f  
residuum from metamorphic rocks occur on remnants of an o l d  warped eros ion 
sur face t h a t  extends southeast from Mount Neuberger ( i n  the  Alaska Range 23 km 
southwest o f  the town o f  Tok). The sur face i s  about 1,700 m i n  a l t i t u d e  near 
Mount Neuberger b u t  becomes lower t o  the  southeast. The residuum i s  a t  l e a s t  
6 in t h i c k  i n  places. I t s  age i s  unknown, b u t  i t  probably predates the 
e a r l i e s t  g l a c i a t i o n  i n  t h i s  area (Foster,  1970). 



Glac ia t i on  

Most o f  eas t -cent ra l  Alaska was n o t  covered by g l a c i e r s  dur ing  the 
Pleistocene. Continental  i c e  sheets were no t  present, b u t  a1 p ine and piedmont 
g l a c i e r s  were abundant i n  the  Alaska Range and small a l p i n e  g l a c i e r s  occupied 
the upper reaches o f  many v a l l e y s  i n  the h ighes t  pa r t s  o f  the YTTN. Glac ia l  
outwash was ex tens ive ly  deposited by t h e  l a r g e  streams, and morainal depos i ts  
a re  conspicuous i n  many va l leys .  S i l t  and sand der ived from the d r y  exposed 
ma te r ia l  i n  l a r g e  outwash aprons t h a t  were w ide ly  deposited i n  the  Tanana 
River  v a l l e y  were blown northward t o  form dunes a t  the nor thern  edge o f  the 
v a l l e y  and a loess mantle on adjacent  h i l l s .  Mater ia l  from the  Yukon River  
v a l l e y  and the a l l u v i a l  fans o f  t r i b u t a r i e s  was blown southward; some o f  i t  
mantled h i l l s ,  ter races,  and o ther  features i n  the  northernmost p a r t  o f  the  
area covered by t h i s  report. Lacust r ine  deposi ts  from ice-dammed lakes occur 
i n  the  Tanana R iver  v a l l e y  and a few t r i b u t a r y  val leys.  

Old g l a c i a t i o n s  o f  pre-Wisconsin age have been recognized i n  both t he  
nor thern  Alaska Range and the  YTTN. Ten Br ink  (1983) s ta ted  t h a t  a  broad 
expanse o f  piedmont i c e  spread n o r t h  from the Alaska Range t o  cover the 
ancest ra l  f o o t h i l l s  area, probably i n  l a t e  T e r t i a r y  t ime. Two o ther  pre- 
Wisconsin t o  e a r l y  Pleistocene g l a c i a l  events are a l so  recorded i n  the Alaska 
Range. The most extensive and bes t  known Wisconsin-age g l a c i a t i o n s  are 
represented i n  many v a l l e y s  by two major e a r l y  Misconsin advances and f o u r  
l a t e  Wisconsin advances, A t  l e a s t  s i x  Holocene i c e  advances have been 
recorded, and small g l a c i e r s  s t i l l  e x i s t  (Table 4). 

Table 4 here. 

Weber (1983) recognized th ree  pre-Wi sconsi n  g l a c i a l  episodes i n  the YTTN, 
t h e  o l d e s t  being pre-Pleistocene i n  age, and the  o the r  two e a r l y ( ? )  and 
midd le(?)  Ple is tocene i n  age. Two probable e a r l y  Wisconsin advances were 
fol lowed by th ree  o r  four  advances i n  l a t e  Wisconsin time. Holocene g l a c i a l  
deposi ts  genera l l y  o n l y  occur i n  deep no r th - fac ing  cirques. Two sho r t  ( l e s s  
than 3 km) Holocene g l a c i e r s  are ind icated.  No g l a c i e r s  p resen t l y  e x i s t  i n  
the YTTN (Table 3). 

F l u v i a l ,  eol  ian, and 1  acus t r i ne  deposi t s  

The t h i c k e s t  and most extensive f l u v i a l ,  eo l ian,  and l a c u s t r i n e  depos i ts  
o f  eas t -cent ra l  Alaska occur i n  the Tanana va l ley .  One o f  the most usefu l  
sec t i ons  i s  on the  nor theas t  s ide  of  the  Tanana River  50 km southeast o f  t he  
town o f  Tok where 40 m o f  f l u v i a l ,  eo l  ian, and l a c u s t r i n e  deposi ts  are 
exposed. Radiocarbon ages i n d i c a t e  t ha t  wood from near the  base o f  the  
sec t i on  has an age greater  than 42,000 years. An ash bed beneath the modern 
t u r f  i s  about 1,400 years o l d  (Fernald, 1962; Carter  and Galloway, 1984). 
Some i n t e r i o r  v a l l e y s  a l so  have t h i c k  eo l i an  and f l u v i a l  deposits,  b u t  
exposures a re  l i m i t e d .  Comnonly, loess  i s  so t h i c k  (more than 60 m i n  p laces)  
t h a t  f l u v i a l  deposi ts  beneath are  r a r e l y  exposed. Loca l ly ,  there a re  t h i c k  
carbonaceous s i l  t and peat deposi t s  t h a t  are genera l l y  perenni a1 l y  frozen. 
Sand dunes occur n o r t h  o f  the Tanana River i n  the Tanacross and B ig  Del ta 
quadrangles. The maximum th ickness o f  sediments i n  t he  Tanana Va l ley  i s  n o t  
known, b u t  p a r t s  o f  the v a l l e y  f l o o r  a re  below sea l e v e l  (PCwk, 1975). 

Placer  go ld  occurs i n  bo th  Holocene gravels and gravels as o l d  as e a r l y  
Pleistocene. Most of  the gold-bearing grave ls  a re  bur ied  beneath frozen s i  1  t 
and o the r  sediments. Some compose te r races  a  few t o  many meters above present  
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stream l e v e l  s. High te r races  are  p a r t i c u l a r l y  we l l  developed along the 
For tymi le  and Seventymile Rivers and along the  Yukon River.  

Talus and lands1 i d e  deposits,  p a r t i c u l a r l y  abundant i n  the Alaska Range, 
a l so  occur i n  the  YTTN. Rock g l a c i e r  deposi ts  a re  l o c a l l y  s i g n i f i c a n t  i n  the 
Alaska Range (Holmes and Foster, 1968). 

F ros t  polygons a re  we l l  developed i n  lowland areas where permafrost i s  
genera l l y  present and thaw lakes are  comnon. Patterned ground, i n c l u d i n g  
stone polygons and stone s t r i pes ,  i s  abundant i n  upland areas. S o l i f l u c t i o n  
i s  a major mass movement process on v a l l e y  slopes. More than 300 open-system 
pingos are w ide ly  d i s t r i b u t e d  main ly  n o r t h  o f  the Tanana River  (Holmes, 
Hopkins, and Foster, 1x8). Most a re  on south- and southeast-facing slopes 
near the t rans1 t i o n  between v a l l e y - f i l l  deposi ts  and slope mantle. The pingos 
are  composed p r i m a r i l y  o f  s i l t ,  co l  luvium, and va l  l e y - f i l l  ma te r i a l  and range 
from 3 t o  35 m i n  height.  

Volcanic ash 

Volcanic ash l a y e r s  ranging i n  age from e a r l y  Pleistocene t o  Holocene are  
found a t  several hor izons i n  the Quaternary deposi ts  o f  east-centra l  Alaska. 
The most w ide ly  d i s t r i b u t e d  i s  the  White River  Ash Bed, which o r i g i n a t e d  about 
1,400 years ago a t  the east  end o f  the Wrangell Mountains near the Alaska- 
Canada border (Lerbekmo and Campbell, 1969). I t  comnonly occurs j u s t  beneath 
the t u r f  b u t  may be bur ied  t o  a depth o f  several meters i n  a c t i v e  stream 
v a l l e y s  o r  beneath recent  e o l i a n  deposits.  Numerous o ther  ashes o f  unknown 
o r i g i n  occur and inc lude some i n  the Fairbanks area, lower Del ta River area, 
along the  Chat in ika River  40 km n o r t h  o f  Fairbanks (PCwC, 1975), and i n  t he  
c e n t r a l  and southern Eagle quadrangle (Weber and others.  1981). The Sheep 
Creek Tephra o f  Westgate (1984, in Porter ,  1985), an ash o f  unknown source and 
o l d e r  than 40,000 y r  B.P., has r e c e n t l y  been i d e n t i f i e d  i n  fou r  l o c a l i t i e s  i n  
Alaska and Yukon T e r r i t o r y ;  Eva Creek, near Fairbanks (PCwC, 1975). Canyon 
Creek i n  the B ig  Del ta quadran l e  (Weber and others,  1981), and Los t  Chicken 
Creek i n  t he  Eagle quadrangle 9 Lee Porter,  w r i t t e n  commun., 1985), as we l l  as 
on the Stewart River  i n  Yukon T e r r i t o r y .  A t  Los t  Chicken Creek, the ash i s  
associated w i t h  -- i n  s i t u  f o s s i l  mammal remains. 

Ver tebrate foss i  1 s 

East-centra l  Alaska i s  we l l  known f o r  t he  abundant remains o f  e x t i n c t  
Ple is tocene mammal s, found most ly  i n  frozen deposi t s  a1 ong r i v e r s  and 
streams. Most o f  t h e  remains have been uncovered dur ing  p lacer  gold mining, 
and the Fairbanks min ing d i s t r i c t  has been espec ia l l y  p roduct ive  o f  f o s s i l  
ver tebrates.  A t  l e a s t  45 mamnalian genera occupied p a r t s  o f  t he  area du r ing  
the l a t e  Pleistocene, i n c l u d i n g  the American 1 ion, camels, g i a n t  beavers, and 
ground s lo ths ,  o f  which a t  l e a s t  16 genera have become e x t i n c t  (Por ter ,  
1985) . 

Vertebrate f o s s i l s  were discovered i n  1974 a long the Richardson Highway 
near the  mouth o f  Canyon Creek, a small t r i b u t a r y  t o  the Tanana R iver  i n  the  
B ig  De l ta  quadrangle. Here the Ple is tocene fauna inc ludes rodents, woo l ly  
mamoth, the Yukon w i l d  ass, western camel, long-horned bison, mountain sheep, 
wol f ,  tundra hare, and caribou. Although the  fauna i s  a standard Alaskan 
Ple is tocene assemblage (Guthr ie, 1968). i t  i s  one o f  the  few c e n t r a l  Alaskan 
mammalian c o l l e c t i o n s  t h a t  i s  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  and r a d i o m e t r i c a l l y  
dated (40,000 years old, Weber and others, 1981). Recently, the f o s s i l s  from 



Lost  Chicken Creek, a small t r i b u t a r y  t o  the South Fork o f  the For tymi le  River 
i n  t he  southern Eagle quadrangle, have been i n t e n s i v e l y  c o l l  ected and 
studied, Th is  l o c a l  i ty has produced over 1,000 f o s s i l s  from 37 m o f  
unconsol idated sediments which range i n  age from 50,400 yr B.P. t o  1,400 y r  
B.P. (Porter,  1985). The assemblage inc ludes 16 ver tebra te  genera among which 
a r e  t h e  unusual occurrence o f  gal 1 inaceous b i rds ,  wolverine, the  e x t i n c t  
American 1 ion, c o l l a r e d  lemmings, and saiga antelope. Human involvement may 
be i nd i ca ted  f o r  some unknown t ime p r i o r  t o  11,000 yr B.P. by broken and 
burned bones o f  mamnoth, bison, horse, and car ibou (Lee Porter,  w r i t t e n  
comun., 1985). The Los t  Chicken fauna represents a hardy, co ld -  and dry-  
adapted b i o l o g i c  community which l i v e d  du r ing  the middle Wisconsin and l a t e  
Wisconsin p o s t g l a c i a l  time. 

The s t ra t ig raphy,  f l o r a ,  and fauna o f  the eas t -cent ra l  Alaska l o c a l i t i e s  
i n d i c a t e  t h a t  e a r l y  Wisconsin t ime was cool  and dry, middle Wisconsin t ime was 
wet ter ,  and t h a t  g l a c i a l  cl  imates terminated ab rup t l y  between 12,000 and 9,000 
yr B.P. (Lee Porter,  w r i t t e n  commun., 1985). The Holocene had an e a r l y  per iod  
o f  very  warm temperatures (ca. 8.000 yr B.P.) fo l lowed by a cool per iod  (ca. 
7,000 yr B.P.) (Lee Porter,  w r i t t e n  commun., 1985). 

Geologic h i s t o r y  

Determinat ion o f  the geologic  h i s t o r y  o f  eas t -cent ra l  Alaska has been 
hampered by a s c a r c i t y  o f  f o s s i l s .  h igh  grades o f  metamorphism, and extensive 
cover by  vegeta t ion  and s u r f i c i a l  deposi ts ,  Because o f  the  pauc i ty  o f  
d e f i n i t i v e  in format ion,  i t  i s  no t  s u r p r i s i n g  t h a t  geo log is ts  working i n  
d i f f e r e n t  p a r t s  o f  the  YT put  emphasis on d i f f e r e n t  data and a r r i v e  a t  
d i f f e r e n t  i n t e r p r e t a t i o n s .  This paper i s  w r i t t e n  w i t h i n  the framework o f  
t ec tono -s t ra t i g raph ic  terranes, and the  i n t e r p r e t a t i o n  presented her  i s  sed 
t o  s l a r g e  ex ten t  on reg iona l  scale geologic mapping, new data from ' ~ * r - ' ~ A r  
incremental heat ing  experiments, and d e t a i l e d  s t r u c t u r a l  s tud ies  o f  rocks i n  
the eastern p a r t  o f  the Eagle quadrangle. 

I n  t h i s  synthesis,  several groups o r  packages o f  rocks inc luded i n  
subterranes Y1 through Y4 (descr ibed under "S t ra t ig raphy"  i n  t h i s  chapter)  are 
considered i n  terms o f  t h e l r  re la t i onsh ips  t o  one another and t o  the  YTTN. 
Workers i n  the Mount Hayes quadrangle t o  the south o f  the YTTN (Nokleberg and 
others, 1983; Nokleberg and A l e i n i k o f f ,  1985) have a l so  i d e n t i f i e d  packages o f  
rocks and have proposed poss ib le  geologic r e l a t i o n s h i p s  o f  these packages t o  
each o ther  and t o  t h e  southern p a r t  o f  the  YTTN (subterrane Y1  and the  Lake 
George terrane;  see "Yukon-Tanana te r rane south o f  the Tanana River," t h i s  
chapter).  I n  most instances, each package o f  rocks i n  the  YT conta ins  
d ispara te  elements t h a t  record t h e i r  pre-Mesozoic h i s t o r i e s  and, a t  present, 
data are  i n s u f f i c i e n t  t o  i n t e g r a t e  the d e t a i l s  o f  t h e i r  h i s t o r i e s .  

The geologic h i s t o r y  recorded i n  the YTTN probably begins i n  l a t e s t  
Proterozoic o r  early Paleozoic t ime w i t h  depos i t i on  o f  c o n t i n e n t a l l y  der ived 
sediments i n  several d i f f e r e n t  environments marginal t o  North America and ( o r )  
o ther  cont inents.  These depos i ts  i nc lude  the  very quartzose sediments o f  u n i t  
"qq" (subterrane Y p ) ,  the pel  i t i c  sch is t ,  amphibol i te,  and marble o f  u n i t  "psY 
(subterrane Y Z ) ,  and the quartzose and p e l i t i c  sediments o f  subterrane Y1. 
Probably beginning a l i t t l e  l a t e r  i n  time, b u t  perhaps over lapping the 
depos i t iona l  per iods f o r  subterranes Y1 and Y p ,  t he  p r o t o l  i t h s  o f  subterrane 
Y4 were deposited. Other con t i nen ta l  margin sediments o f  Paleozoic age are 
those o f  u n i t s  'qsM, " W S ~ ~ ,  and "cp" o f  subterrane Y3; poss ib le  fo rearc  
sediments o f  Paleozoic age are  those o f  u n i t s  "sm" and "ms" o f  subterrane Y3. 



The f i r s t  wel l -dated event i n  any p a r t  o f  the YT i s  f e l s i c  i n t r u s i o n  i n  
Devonian t ime ( A l e i n i k o f f  and Nokleberg, 1985) i n  t he  southern p a r t  o f  
subterrane Y1, fo l lowed i n  Miss iss ipp ian  t ime by extensive p o r p h y r i t i c  
g r a n i t i c  i n t r u s i o n  (augen gneiss) throughout much o f  the  nor thern p a r t  o f  
subterrane Y1. Dusel -Bacon and A l e i n i  k o f f  (1985) pos tu la ted  t h a t  metamorphism 
was synchronous w i t h  i n t r u s i o n .  Subterranes o f  the  YT (most ly cont inenta l  
fragments) a re  assumed t o  have been separate e n t i t i e s  a t  t h i s  t ime because t h e  
d i s t r i b u t i o n  o f  t he  augen gneiss i s  l i m i t e d  t o  subterrane Y1, except f o r  
poss ib le  t h r u s t  remnants i n  the southern p a r t  o f  subterrane Yp. 

From l a t e  Paleozoic through T r i a s s i c  time, basa l ts  and minor amounts o f  
sediments which inc luded cher t ,  graywacke, shale, and 1 imestone accumulated i n  
an ocean bas in  t h a t  separated the  con t i nen ta l  fragment comprising subterranes 
Y 2  and Y3 from subterranes Y1 and Yq Mantle p e r i d o t i t e s  were tec ton i ca l  l y  
emplaced i n t o  the  oceanic c r u s t  and became a p a r t  o f  the  ocean bas in  su i te .  
Remnants o f  these mantle and oceanic rocks compose the Seventymile terrane. 

During t h i s  pe r iod  o f  separat ion, the cont inenta l  fragments each had a 
poo r l y  known b u t  complex h i s t o r y  o f  metamorphism and deformation t h a t  i s  
imp1 i e d  by t h e i r  heterogeneous characters. The e a r l y  h i s t o r i e s  o f  i n d i v i d u a l  
subterranes w i l l  have t o  be determined separately.  

The nex t  wel l-dated events a re  represented i n  subterrane Y4 and may have 
been 1 i m i  ted  t o  t h i s  subterrane. Pal eozoic sedimentary rocks were 
metamorphosed t o  amphibol i te  f ac ies  i n  t he  Late T r iass i c  (about 213 2 2 Ma). 
I n t r u s i o n  o f  g ranod io r i t e  (Tay lor  Mountain bath01 i th )  occurred a t  209 + 3 Ma, 
s h o r t l y  a f t e r  the  peak o f  metamorphism, and the  p lu ton  cooled w i t h  the- 
reg iona l  geotherm. 

During the c o o l i n g  period, b u t  before approximately 201 Ma, oceanic 
b a s a l t  and associated sediments, probably from the  c l o s i n g  ocean bas in  t o  the  
n o r t h  o f  subterrane Y4, were emplaced t e c t o n i c a l l y .  These basal t s  were then 
metamorphosed t o  greenschi s t  f a c i  es dur ing  the  waning stages o f  reg iona l  
metamorphism o f  subterrane Y4.  Deformation, probably r e l a t e d  t o  northwestward 
movement o f  subterrane Yq, produced major northeast-southwest-trending f o l d s  
i n  u n i t  "qs" as subterrane Yq and remnants o f  ocean ma te r ia l  (Seventymile 
te r rane)  were t h r u s t  northward onto subterrane Y3. Complex i m b r i c a t i o n  o f  
subterrane Y4 and u n i t s  "qsMand "ws" o f  subterrane Y occurred w i t h  the 
c o l l i s i o n  o f  these packages o f  rocks. The t h r u s t i n g  fogether  o f  subterranes Y j  
and Y4 occurred a f t g b  majgr metamorphism o f  subterrane Yq, b u t  before 187 2 2 
Ma as i nd i ca ted  by Ar- Ar d a t i n g  o f  undeformed and unmetamorphosed d i k e  
rocks t h a t  c u t  subterrane Y4. With cont inued northward movement, f u r the r  
imbr ica t ion ,  shearing, m y l o n i t i z a t i o n ,  and t h r u s t i n g  occurred w i t h i n  and 
between the Seventymile te r rane and subterrane Y . 2 I n  t he  western p a r t  o f  the  YTTN, t imes o f  t r u s t i n g  and metamorphism are  
n o t  as we l l  known as i n  the eastern par t .  However, w i t h i n  subterrane Y2, 
t h r u s t i n g  o f  u n i t  "ps" over u n i t  "qq" occurred before major reg iona l  
metamorphism o f  subterrane Y2, and the  j o i n i n g  o f  subterranes Y2 and Y j  
occurred a f t e r  the major reg iona l  metamorphism o f  subterrane Y2. The 
Seventymile te r rane was probably emplaced i n  the western p a r t  o f  subterrane Y3 
i n  Jurassic  time, t h e  same t ime as i n  the  eastern p a r t  o f  subterrane Y3, and 
c l o s i n g  o f  the ocean bas in  t h a t  separated subterranes Y4 and Y1 from 
subterranes Y and Y g  i s  recorded o n l y  by the  presence o f  t h r u s t  remnants o f  f the Seventymi e te r rane on top  o f  subterrane Yg,  

Di f fe rences i n  t he  sedimentary p r o t o l i t h s  o f  subterranes Y1 and Yq, t he  
r e s t r i c t i o n  o f  augen gneiss t o  subterrane Y , and probable d i f fe rences i n  ages 
o f  metamorphism o f  these rub te r rane r  suggesi t h a t  they were n o t  j o ined  u n t i l  
a f t e r  E a r l y  Jurassic  time, The presence o f  a l a t e  Ea r l y  Cretaceous 



metamorphic event i n  both subterranes Y and Yq prov ides an upper c o n s t r a i n t  
upon the  t ime o f  j o i n i n g  o f  subterrane 4 t o  the  r e s t  o f  the  YTTN. The 
subterranes were f u r t h e r  welded together  by emplacement o f  the Cretaceous 
g r a n i t i c  plutons. 

I n  the eastern p a r t  o f  the YTTN volcanism was associated w i t h  Cretaceous 
i n t rus ion ;  extensive welded t u f f s  were erupted and caldera formation took 
place. Around t h i s  time, and perhaps d i r e c t l y  o r  i n d i r e c t l y  r e l a t e d  t o  
vo lcan ic  events and ( o r )  f u r t h e r  northwestward movement o f  the  YT, the  YT 
developed a no r theas te r l y  t rend ing  p a t t e r n  o f  f r ac tu res  and high-angle f a u l t s  
having both s t r i k e - s l i p  and d i p - s l i p  movement. The bes t  known o f  these f a u l t s  
i s  the Shaw Creek f a u l t ,  which appears t o  have considerable s t r i k e - s l i p  
displacement (Gr iscoa,  1979). However, t he  southeast s ide seems t o  be up, and 
on the bas is  o f  reconnaissance f i e l d  data, M.C. Gardner suggested ( w r i t t e n  
comun., 1983) t h a t  t h e  Shaw Creek f a u l t  may be a high-angle reverse fau l t .  
Some o f  these f a u l t s  were reac t i va ted  a t  i n t e r v a l s  i n  T e r t i a r y  and Quaternary 
time. The r i g h t - l a t e r a l  s t r i k e - s l i p  T i n t i n a  f a u l t  system marks t h e  nor thern  
boundary o f  the YT. There i s  l i t t l e  d i r e c t  evidence i n  Alaska o f  the time, 
kind, and ex ten t  o f  f i r s t  and subsequent movements on the  T i n t i n a  and i t s  
subs id ia ry  f a u l t s ;  1 i m i  ted in fo rmat ion  suggests tha t ,  as might  be expected, 
movement occurred a t  d i f f e r e n t  t imes on var ious  segments o f  the f a u l t .  I n  t he  
Eagle quadrangle, f o r  instance, Upper Cretaceous and ( o r )  lower T e r t i a r y  
conglomerates are  broken and pu lver ized by f a u l t  movement a t  one l o c a l i t y  b u t  
appear undisturbed a t  another. I n  Canada, Gabr ie l  se (1985) suggested, 
displacements on dex t ra l  f a u l t s  such as the  T i  n t i n a  date from the mid- 
Cretaceous o r  e a r l i e r  t o  l a t e  Eocene o r  01 igocene. I n  order  t o  account f o r  
d iscrepancies i n  the  amount o f  displacement along the  T i n t i n a  as compared t o  
the  nor thern  Rocky Mountain Trench, he suggested the possi b i l  i ty t h a t  
t ranscu r ren t  displacement brackets t h e  t ime of  major reg iona l  t h r u s t i n g  and 
fo ld ing .  I f  t h i s  were the case i n  Alaska, movement cou ld  poss ib l y  have begun 
as e a r l y  as the  Jurassic.  

The l a s t  major p l u t o n i c  event was the emplacement o f  f e l s i c  p lu tons  
p r i m a r i l y  i n  t he  northwestern p a r t  o f  the  YTTN from about 65 t o  50 Ma. A t  
about the same t ime vo lcan ic  rocks, probably both mafic and f e l  s ic ,  and 
perhaps shal low f e l  s i c  i n t r u s i o n s  were empl aced, p r i m a r i l y  i n  the  eastern p a r t  
o f  the YTTN. A l a t e  f o l d i n g  event w i t h  some t h r u s t i n g  i s  evidenced by f o l d i n g  
o f  Upper Cretaceous o r  Paleogene nonmarine sedimentary rocks and Neogene 
sedimentary and vo lcan ic  rocks. A l a t e  open-folding, which may be the r e s u l t  
o f  t h i s  o r  some p re -Te r t i a ry  fo ld ing  event, i s  a l so  recognized throughout t he  
YTTN i n  the metamorphic rocks, The youngest s i g n i f i c a n t  s t r u c t u r a l  event, 

.probably i n  Ple is tocene time, i s  most ev ident  i n  the nor theastern p a r t  o f  t he  
YT, where u p l i f t  and probable northward t i l t i n g  (Mert ie,  1937) i s  i nd i ca ted  by 
entrenchment o f  t h e  For tymi le  and Seventymile Rivers and resu l  t i n g  development 
o f  extensive h igh- leve l  ter races.  

P r i n d l e  Volcano, i n  the eastern p a r t  of  the Tanacross quadrangle, i s  a 
man i fes ta t i on  o f  Ple is tocene o r  Holocene a1 k a l  i -01 i v i n e  basal t i c  volcanism. 
Because i t s  lava  conta ins  sp ine l  -bear ing p e r i d o t i  t e  and granul i t e  i nc lus ions  
(Foster  and others, 1966), i t  a l s o  suggests t h a t  extension i s  t a k i n g  p lace a t  
deep c r u s t a l  and upper mantle l e v e l  s. P r i nd le  Volcano l i e s  a t  the nor thern  
end of  a be1 t o f  occurrences o f  a1 k a l  i -01 i v i n e  basal t s  t h a t  extends a long the 
western con t i nen ta l  margin o f  North America. 

I n  general, we tend t o  f o l l o w  the  succession o f  events f o r  the  YT t h a t  
was suggested by Tempelman-Klui t (1979) f o r  p a r t  of  the Yukon T e r r i t o r y  t o  the 
southeast and t h a t  a l so  may t i e  i n  a general way t o  p a r t s  o f  t he  h i s t o r y  
suggested by Monger and o thers  (1982) f o r  p a r t s  o f  the Canadian C o r d i l l e r a  



s t i l l  f a r the r  south. Applying Tempelman-Klui t ' s  model (1979), the 
amphibol i te- fac ies rocks o f  subterrane Y might be considered as p a r t  o f  4 S t i k i n i a  ( S t i k l n i a  terrane) ,  and the Tay o r  Mountain g r a n i t i c  i n t r u s i o n  
r e l a t e d  t o  the  K lo tass in  Su i te  o f  the  Yukon T e r r i t o r y .  More l i k e l y ,  a  te r rane 
o f  d i f f e r e n t  o r i g i n  than S t i k i n i a  (subterrane Y ) was i n  existence a t  the same 
t ime as the  i n t r u s i o n  o f  the K lo tass in  Su i t e  bu ? l a y  f a r t h e r  north. La ter  
both S t i k i n i a  w i t h  the  i n t ruded  K lo tass in  Su i te  and subterrane Y4 w i t h  the 
Taylor  Mountain and o ther  T r i a s s i c  and Jurassic  i n t r u s i o n s  were j o ined  w i t h  
o ther  terranes t o  form te r rane I o f  Monger and others (1982). Subterrane Y 3  
would c o r r e l a t e  w i t h  Tempelman-Kluit's c a t a c l a s t i c  u n i t ,  and the  Seventymile 
te r rane would have o r i g i n a t e d  i n  the c l o s i n g  o f  the Anv i l  Ocean. A1 though 
t e n t a t i v e  c o r r e l a t i o n s  can thus be made, some d e t a i l s  i n  1 i t h o l o g i e s  and 
t i m i n g  o f  events d i f f e r .  For instance, c l o s i n g  o f  the Anv i l  Ocean i s  
pos tu la ted  f o r  Middle Jurassic  t ime i n  Canada and may have been a l i t t l e  
e a r l i e r  i n  Alaska. 
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