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The C i r c l e  quadrangle is located near the margin, possibly  a fragmented 
margin, of the Narth American continent. Faul ts  of the T i n t i n a  f a u l t  zone 
trend northwgsterly through the northern part of the quadrangle, and i n  part  
separate greemchf s t  and amphi bol i te  f aci  es metamorphic rocks on the southwest 
from mly very sllghtlymetwrphosed rocks on the northeast. Other fau l t s ,  
including thrust faults, some of which may also be related t o  t h e  T i n t i n a  
system, separate the quadrangle I n t o  a number of areas w i t h  minor t o  major 
differences I n  structure and stratigraphy. For  ease of description, the 
Circle quadrangle 1s d f v i d e d  into t h e e  major  areas; the northwest Circle 
quadrangle, the araa north of the Tint fna f a u l t  zone, and the area south o f  
the Tlntfna f a u l t  zone (about the southern two-thirds o f  the quadrangle) 
( f i g .  I ) *  

The northwest Circle quadrangle includes the Beaver, White Mountafns, 
Kandlk River, and Livengood terrancs o f  Churkin and other5 ( 1 9 8 2 ) .  The rocks 
i n  t h i s  par t  of the quadrangle are, f o r  the most p a r t ,  the northeasterly 
continuation o f  the strati graahy and structure o f  the northeastern part  of the 
Livengood quadrangle (Chapman and others,  1971, 1980). I n  the explanation of 
units 5n the northwest C f  rcle quadrangle frequent reference i s  made t o  the 
rnapptng i n  the Livengood quadrangle and the units used there f0m the basis of 
the unlts fn the northwest C i r c l e  quadrangle. However, due to a lack of 
detailed mapping I n  both t h e  eastern Livengood quadrangle and western C i r c l e  
quadtang1 e, some contacts and structures are not fn  agreement on the two maps. 

The area north of the T t n t i n a  f a u l t  zone consists of the Circle and Crazy 
Mountains terranes of  Churkin and others (1982). The Circle terrane i n  the 
northern part of the C ~ a z y  Mountains and L i t t l e  Crazy Hwntalns i s  domfnantly 
maf i c igneous rocks, pr imar i 1 y d i  abasic gabbro, sane basalt ,  and f ntercal ated 
chert. Howavar, chert is the most c m o n  rock type a j o ~ g  the sauthern margfn 
o f  the terrane. The Circle terrane 1s probably i n  f a u l t  contact w l t h  
metasedimentary rocks t o  the south. The Crazy Mountains terrane C Q ~ S ~ S ~ S  of  
t w o  separated mountain blocks, the east and west Crazy Mauntai ns, which have 
both s i m i  l arit i  cs and differences i n  the i r  strat4 graphy, A t h i r d  block, South 
o f  the Uest Crazy Yount j j  ns, here c a l l  ed the Preacher b?ock, has sme 
stratigraphy fn c m o n  with t h a t  o f  the Crazy Mountains, but also has 
dff ferent stratigraphic u n i t s .  Sane elements of the stratigraphy of the Crazy 
Mountains araa are s lmf  lar t o  those of the northwest Circle quadrangle area. 

The l a r g e s t  part of the quadrangle i s  the area south o f  the t i n t f n a  Fault 
zone most of which I s  Included i n  the composjte Yukon Crystalline terranc 
(Churkin and others, 1932). I t  i s  primarily canposcd of metmurphfc racks 
wIth  contfnental a f f i n i t f e s ,  but sme ultramafic and mafic rocks also occur. 
Regional metmorphlsm I s  primarily medium-pressure facies serles and ranges 
fran mphibolita facIes (sillimanite c potassiwm feldspar grade In p c l i t i e  
rocks) to  greenschist facies (chlorite grade). M~tamorphie grad8 generally 
decreases fran southeast t o  northwest. Omphaeite + quartz + garnet-benrqng 
maf 1 c assembl ages 1 n the southwestern p a r t  o f  the quadrang1 e ( nort S m e ~ t ~ n  A-6 
quadrangle) and staurol i te-andalusi t a  pet i t l c  sch t s t  i n  the southastern part 
of the quadrangle (southern A-2  quadrangle) Indicate that  regSonat high- 
pressure and 1 ow-pressure I ntcnnedi a t e  f acf ts ser4 es metamorphl m, 
respectf  vel y ,  af sa occur. Local 7 y ,  contact metamorphism associated with tha 
intrusion of Late Cretacaous and ear 1 y Tertl ary granites i s  superimposed on 
the regi ona? metamorph i sm. A cmplex dcf o n n a t i ~ n a l  h i  story i s  recagni zed and 
censfsts o f  a t  least four events, Including aevelopnent of  pclnttratjrt 



sch is tos i ty ,  two generations of recumbent folds, and a late open f o l d i n g  
(Cushing and Foster ,  1982). 

Previous mappfng (Oavies, 1972) indicates t h a t  the  rocks o f  t h e  Circle 
quadrangle are cut by hundreds of small  h i g h - a n g l e  faults ,  but these are  
d i f f i c u l t  t o  establish i n  the f i e l d  without d e t a i l e d  mapping; only  a few o f  
the more pramqnent ones are i n d i c a t e d  on t h i s  map. In the metamorphic 
terrane, rocks only very slightlj metamorphosed are believed t o  be over th rus t  
by highly defamed greenschist t o  amphibol i te  fae Ies  rocks, which are i n  turn 
sverthtust by greenrchi s t  (chlorite  grade) f acies rocks. Thrust f a u l t  
contacts arc a7 so postulated between the dominantly quartzi t i c  metamorphic 
rocks and the dmfnantly pelitic group, and distribution o f  isograds i n d i c a t e  
t h a t  these rocks were i n  t h r u s t  contact before they underwent major regional  
metamorphism. Thrusting i s  be? ieved to account for the exposure o f  the 
ecldgftic rocks i n  the west central p a r t  of the quadrangle. Northeasterly- 
t r e n d ~ n g  high-angl e Saul ts c u t  the thrust  sheets. 

The T i n t f n a  f a u l t  zone i n  the  Circle quadrangle Includes several f a u l t  
strands. The postulated Hot Sprfngs f a u l t  (Weber and Foster,  1982) separates 
the rnetmorphlc rocks o f  the  Yukon Crystal 1 i ne terrane from umnetamorphosed t o  
very s l igh t ly  metamorphosed rocks an the north. A fau l t  nor th  o f  Medicine 
Lake, upthrown on the north, cuts  Quaternary s u r f l c i a l  deposits and may be an 
a c t i v e  f a u l t  (Davies,  1972; Webet and Foster, 1982). A faul t  crosses Preacher 
Creek below the  mouth of L o ~ e r  Creek separat ing fertjary(?) conglmerate from 
Paleozoic(?)  s t  ate ,  quartzite and greenstone (Weber and Foster, 1982). 

DESCRIPTION OF MAP UNITS 
UNCONSOLIDATED OEPOS f TS 

@ ALLUVIUM--Gravel. sand, and s f  I t ,  gray, buff ,  or brawn; 
unconsolidated, well-sorted, well -strat i f ied;  mapped only i n  
valleys of major streams. I n  sane valleys, such as the valley 
~f Birch C r e k  and Preacher Creek and the  flood p l a i n  of the 
Yukon River, contains dark-colored organic silt and peat which 
generally i s  perennially frozen, and f i l l s  o l d  channels and 
cutoff meanders. I n  sane mountain areas includes reworked 
outwash gravel. Includes gravel,  sand and silt  of low 
terraces. I n  the Yukon v a l l e y  most alluviun i s  p r e n n l a l l y  
Frozen although extensive thaw roner occur beneath the modern 
ri ves channe 1 s , 1 akes , ri ver bars and abandoned channe 1 s, 
Thickness of petmafrost estimated a t  3 to 20 m beneath the 
floodplain and a t  0.3 t o  50 m beneath the lw terraces 
(Will ims,  1962) .  

b ABANOONED FLOOD PUIN ALLUVIUM--Gravel , gray t o  brown, granule t o  
boulder s i t e ,  we1 I-sorted, we1 1-stratified, rounded with minor 
amounts of sand and s i l t ,  and a few layers and lenses of peat 
and woody materi at ,  covered with as much as 8 m of s51 t  and 
organ i c mat er i a1 . Perenn i a1 1 y frozen except beneath water 
bodies and well-drained sf tes .  Mapped only along the Yukon 
River. 

Qac ALLUVIUM AND COLLUVIUH--Boulders, gravel, sand, s i l t ,  and angular 
rock fragnents. Mostly poorly sorted and poorly stratified. 
Occurs on valley sides of large stream valleys. In most m a l l  
stream v a l l e y s  includes a l l u v i m  of valley f f o ~ r ,  low terraces, 



alluvial fan debrfs and colluvium gn valley sides.  In g l a c i a t e d  
valleys may include autwash, reworked outwash, and mora ina l  
materi a l .  

Qaf ALLUVIAL FAN DEPOSITS--Grays tan and brown, l o c a l l y  s t a i n e d  by i r o n  
oxide; sandy pebble-cobble gravel and pebbl e-cobbl e-boul der 
gravel with lenses and layers of sand, s i l t  and organic 
material;  considerable vari  a t i o n  i n  s i r e  of c l  astr depending on 
proximity  t o  bedrock; sane fans i n  the Yukon Flats are most1 y 
sil t ;  gravel fans art! stratified and well-sorted, Generally 
much dissected w i t h  an1 y remnants rmaj n i  ng o f  01 der fans. 
C m o n l y  partly covered by sand, s i l t ,  and organic m a t e r i a l ,  
Mostly perennially froten. Mapped primarily a : m g  the Y ~ k o n  
R i v e r  and t r ibu ta ry  drainages i n  the northern part of the 
quadrangle. A few small fans mapped a long the east f o r k  zf the 
Chena River and near Sourdough Creek on the  Chatanika River. 
Other small a l l ~ ~ l a l  fans included i n  m f t ~  o f  a l l u v i u m  (Qa) or 
alluvium and colluvfm f Q a ~ ) ,  

@ SILT AND PEAT--0rgani c si 1 t d t p o s ~  ted  i n swamps; b l  aek, dark gray, or 
mottled dark gray and brown; most ly  perennfally frozen. Only a 
few large areas o f  this un i t  mapped i n  the Yukon F l a t s  area i n  
the northeastem p a r t  of the quadrangle, S m a l l  areas o f  s i l t  
and peat included I n  u n i t s  of alluvlum (Qa) or alluvium and 
colluvim {Qac). 

QSU S~LT,UNDIFFEREN;TfATEDANDORGANICMATERIAt - -S i l t , ,  o r g a n i c s i l t ,  and 
peat, w i t h  local sandy lenses and layers. Sray, dark gray, aark 
brown ar black.  Origdnally largely of col lan  o r i g i n ,  but 
c m a n ? y  retransported fran original s f t e  o f  &Dos i t ion  t o  lower 
slopes and valley bottms by alluvial and ~olffluctional 
processes. Local  l y h l  ghl y organ1 c; ganeral 1 y perdnni a1 I y frozen 
with  abundant ground I c e  as horizontal and vert ical  sheets, 
wedges, and Irregular masses. Thickness rmges fran one meter 
t a  about 60 m. Mapped only i n  the Yukon and tvlbutary drainages 
i n  the northern p a r t  of the quadrangle. 

Q3 G R A V E L - - L i g h t ~ r a y t o l ~ g h t y e l ? o w f s h b r b w n , p e b b l e t a b o u ? d e r s i z a .  
wi th t h i n  1 dyers o f  sand and sj 1 t; subangul ar t o  we1 I-rounded 
and well-stratlf Eed. A t  one time probably formed a large 
a l l u v i a l  fan  of the Yukon Rfver  extending out i n t o  the f l a t s ;  
present now i n  high- I eve 1 terraces as much as 80 m above the 
Yukon River and Yukon Flats .  Clas t  s ize  decreases over short 
distances t o  granules and coarse sand a t  the d i s t a l  edge. 
Gravel a lso  foms a t h i n  mantle over bedrock i n  many places [ n o t  
shown on map) i n  the f l n t i n a  F a u l t  zone; lithologies derived 
from the metmorpht e rocks I n  the Yukon-Tanana Up1 and t o  the 
south. Clasts i n  deposits near the Yukon River reflect upstream 
lithologies. Thickness ranges f r a  a few m t o  over 60 rn. 

91 1 0 E S S - - S i l t a n d s a n d y s i l t , ~ l f a n ; y e ~ ~ a ~ 1 s h g r a y t o ? i g h t g r a y ,  
locally mott led by iranaoxide stainfng; well-sorted, 
homogeneous, unconsolidated; generally pevennfally frozen, 
especially i n  law areas, with abundant ground Ice, Foms 
extensive vant le over much o f  the northern part of the 
quadrangle. Where mapped i s  generally 0.3 rn or more th ick .  
Wkre thinner i s  included i n  other  units such as alluvium (Qs) 
or alluviun and colluvium (Qsc*), cr abandoned f l o ~ d  p l a i n  
alluviun (Qab). includes eolluvium in sane areas. 



Qm MORAINAL OEPOS ITS,  UNDI FFERENTIATED--BOU 1 ders , grave 1 ,  sand, and 
s i l t y  sand in terminal moraine, lateral moraine, ~ o r a i n e  i n  
cirques, and minor ground moraine o f  several d i f f e r e n t  ice 
advances. Deposits range f ran cornparati  vel y unweathered w i  t b o u t  
evident surf ace o x i d a t i o n  t o  considerably weathered w i t h  s u r f a c e  
o x i d a t i o n  extending t o  a death of 2 m. Moraines range f rom 
young, steep-sided and sharp-cres ted w f  t h  ponds t o  01 d w i t h  
subdued topography and no ponds, Sane of the o l d e s t  moraines 
and small deposl t s  are not shown. Sme small mora ina l  deposits 
are inc luded i n  other u n j t s  such as alluvium and colluvium 
( Q ~ c )  * 

SEDI MENTARI ROCKS 

3 ~ s  CONGLOMERATE AN0 SANDSTONE--Conglmerate, mostlygrayor tan ,  bu t  
locally pink or orange brown. Coarse t o  f ine; grades i n t o  
sandstone. C t a s t s  are generally well-rounded and range from 1 
t o  5 cm i n  diameter, but  boutders up t o  45 crn in diameter 
occur. Congl merate we 11 t o  poor1 y consol i dated; breaks around 
clasts; commonly f o n s  rounded gravel-surfaced h i l l s .  Generally 
poor?y s t r a t i f i e d .  Clasts most cornonly gray and black chert, 
gray quartzite, w i t h  lesser amouhts o f  wh i te  quartz, but i n  
places may include gray and Fight-green phyllite, green chert, 
black shiny "~oaly" material,  very r a r e  b i o t i t e  granite, and 
conglomerate; generally well-polished, However, pebble count on 
East Albert Creek indicates tha t  the clasts are 44 percent 
quartzite, 37 percent white quartz i te ,  10 percent chert ,  and 10 
percent sch is tose  quar tz i te .  M a t r i x  conmanly minor and 
generally conrj s t s  of medi m t o  coarse sand o f  the s m  general 
cmposl t ion  as clasts; locally a t g i  1 laceous. 

Sands tone, gray, tan, or iron-axi de stained, and e m o n l y  
has "salt and pepper" appearance; f ine t o  coarse grained; 
l o c a l l y  s l i g h t l y  argillaceous. I n  places has poor to 
~oderately-well preserved p l a n t  m a t e r i a l  and impressions, 
including Metarequoja and broadleaf types, Well tc slightly 
cemented; occurs as m i  nor discontinuous 1 a y e ~ s  and lenses i n  
conglomerate. Lacally chunks e f  lignite and coal are found In 
f l o a t  associated with eonglmerate and sandstone and may be 
derived frm t h i s  uni t ,  U n i t  go ld  bearing on East Albert 
Creek. Bedding generally obscuve, but on East Alber t  Creek d ips  
up t o  55O,  Minirnm thickness known t o  be as much as 90 m. 
D i s t r i b u t i o n  of t h i s  u n i t ,  as presently known, r e s t r i c t ~ d  t o  
area near T i  n t i  na F a u l t  system, Age uncertatn but  prezuned t o  
be T e r t i a r y  (Mertie, 1937, p .  1 7 5 ) .  

UNMETAMORPHOSED IGNEOUS ROCKS 

T K 3  G R A N I T E ~ / - - M ~ ~ ~ I  1 i g h t  t o  medim gray, hypidlmorphic granular t o  
porphyritic; b i o t i t e  i s  most c m o n  rnafic mlrleral, but 
hornblende locally present; a small mount i s  two-mica gran i te  
generally w i t n  minor amounts o f  white mica. Occurs i n  

1' Use o f  the t e n  "gran i te"  follars t h a t  o f  the I.U.G.S. S u b c m i s z i o n  i n  the 
Sys tema t i cs  of Igneous Rocks (Streckei ssen, 1973) .  



b a t h o l i t h i c  o r  stock s i t e  in t rus ions ;  K / A r  ages rnnge from ahout 
56.5 t o  65.9 m.y. Typical modes are estimated from t h i n  
sect ions stained fo r  potassium feldspar ( t a b l e  1). 

V i c t o r i  a Mountain p l  uton--Li  ght t o  medi um gray, and 
pinkish-gray hyp id imorph ic  granular t o  p o r p h y r i t i c  hornblende- 
b i o t i t e  g ran i te  ( t a b l e  1). 

Lime Peak pluton--Includes 3 t e x t u r a l  var ia t ions  o f  
granite. Most comaon type i s  medium-grained hyp id imorph ic  
granular b i o t i  t c  grani te;  second type i s  po rphy r i t i c  w i th  zoned 
potassium feldspar phenocrysts 2 cm long i n  a groundmass o f  
quartz, p lagioc lase and b i o t i t e ;  t h i r d  i s  medium f ine-gra ined 
hypidiomorphic granul a r  b i o t i t e  grani te.  A l l  three va r ie t i es  
crop out near Lime Peak ( t a b l e  1). On the nor th  f lank o f  Lime 
Peak, t o r s  of coarse grained gran i te  w i th  smoky quartz and green 
amphibole a l t e r i n g  t o  c h l o r i t e ,  occur along w i t h  coarse-grained 
b i o t i t e  grani te.  Coarse-grai ned i nequi granul ar g ran i te  com~osed 
most ly  o f  large gray f rosted quartz grains and feldspar 
apparent ly i s  a comnon d i k e  rock. Several other types of 
g r a n i t i c  and intermediate dikes are a lso comnon l o c a l l y .  

Quartz  Creek p luton--L ight  t o  mediun gray, medium t o  coarse 
grained, hypid imorphic-granular  t o  p o r p h y r i t i c  b i o t i t e  g ran i te  
w i th  minor muscovite, hornblende -arid tourmaline ( t a b l e  1). 

M t .  P r i nd le  p luton--L ight  t o  medium gray, f i ne  t o  coarse 
grained p o r p h y r i t i c  b i o t i t e  grani te.  Local areas w i th  a 
hypidiomorphic-granular t ex tu re  ( t a b l e  1). Numerous apl i t e ,  
pegmatite and quartz porphyry dikes cu t  the b i o t i t e  grani te.  A 
small outcrop of f ine-grained p o r p h y r i t i c  hornblende g r a n i t e  
occurs southeast o f  the b i o t i t e  g ran i te  piuton. 

Chena Hot Springs p l  uton--Three phases d i f f e r e n t i a t e d  based 
on gra in  s i z e  and(or) maf  i c mineral content. Coarse-grai ned 
b i o t i t e  g ran i te  i s  most abundant; f ine-gra ined b i o t i t e  g ran i te  
occurs i n  the va l l ey  of Monument Creek and i n  a few l o c a l i t i e s  
a t  higher elevat ions; f ine-grained hornblende-biot i te  g r a n i t e  i s  
rare, but found east of the hot spr ings (Biggar and Forbes, 
1980) ( t a b l e  1). Hydrothermal a1 t e r a t i o n  f o c a l l y  present. 
Several kinds o f  f e l s i c  and mafic d ike rocks cut  the g ran i te  and 
nearby country  rocks. 

B i g  Windy Creek p luton--L ight  t o  medium gray, v e d i m  

9 ra ined b iot i te-muscovi te granite; hyp id imorph ic  granular  
t ab le  1). 

C i r c l e  H o t  Springs p luton--L ight  t o  medium gray, medium t o  
coarse grained b i o t i t e  and minor b i o t i  te-hornblende granite. 
Hypfd imorph ic  granular t o  p o r p h y r i t i c  ( t a b l e  1). 

Pluton nor th  o f  Yukon Fork i n  C i r c l e  B - 1  quadrangle--Light 
t o  medium gray, medim t o  coarse grained b i o t i t e  granite; 
hyp id imorph ic  granular. Por t ions o f  the p lu ton  conta in both 
whi te mica and b i o t i t e .  Garnet present i n  sane samples. 
Tourmaline i s  a minor accessory mineral  ( t a b l e  1). 

Pluton i n  C i r c l e  A-2 quadrangle--Light t o  medium gray, 
medium t o  coarse grained, hyp id imorph ic  granul ar t o  p o r p h y r i t i c  
b i o t i t e  grani te.  Sane potassium fe ldspar  p o i k i l  i t i c ;  
p lagioc lase zoned and p a r t i a l l y  s e r i c i t i z e d  ( t a b l e  1). 

TKf FELSIC IGNEOUS ROCK--Light gray weathering Gray or  tan, f i n e  t o  
coarse-grained quartz porphyry. Quartz  i s  gray, c m o n l y  



terminated and frosted; feldspar i s  white t o  tan and alzerad; 
mafic minerals are sparse o r  absent. Occurs as small s ~ ~ ? ? o H -  

level i n t r u s i v e  bodies ,  d i k a s  and s i l l s  west and north o f  
Twelvemile S u m i t  in the  B - 5  and 8-4 quadrangles .  Age uncert3iq 
but most likely s i m i l a r  i n  age t o  grani tes (TY) which ranae 
from t ate  Cretaceous t o  Pa l  eocene. 

N O R T H W ~ S T  CIRCLE QUADRANGLE 
(Beaver, White Mountains, Livengood, and Kandik terranes 

of Churkin and others,  1982) 

K3es QUARTZITE, ARGILLITE,  CONGLOMERATE, ANDHORNFELS--Quartzite,  most l y  
gray, f ine-  t o  nedium-grained, in ter1  ayered w i t h  a rg i l  1 i t e .  
A r g i l  1 i t e  mostly g r a y ,  greenish gray, reddish-gray, and t a n ;  
local ly quartzi t i c; graded bedding observed rare1 y. Q u a r t z i t e  
and argillite are hornfelsed near V i c t o r i a  Mountain. Hornfels 
generally 1 i g h t  to dark gray w i t h  dark green spots  locally; i n  
places, banded w i t h  maroon and p ink  layers. Orange-brown 
stained zones common. Coarse conglmerate w i t h  boulders as much 
as 1.5 rn i n  dCameter crops out along Seaver C ~ e e k .  Boulders and 
cobbles are well-rounded and composed mostly o f  q u a r t z i t e ,  w i t h  
some chert ,  chert-pebble congl merate, greenstone, d i  or4 t e (  ? )  , 
and porphyrytic a n d e s i t e ( ? ) .  M a t r i x  i s  greenish-gray or gray of 
probable graywacke cmaosit ion.  No s o r t i n g  evident;  generally 
breaks around c las t s ,  but i n  places breaks across pebbles and 
cobbles but  around 1 arge boulders;  mat r ix  weathers out around 
c l  asts.  In DI aces, cangl  merate is sheared and stretched. 
Sl i ckensi des 1 m a l l  y abundant. Contacts may be structural. 
Assumed t o  be an eastward continuation of the conglmerate, 
graywacke, and shale u n i t  ( K d c )  i n  the Livengood quadrangle 
(Chapman and others ,  1971) and theref ore considered o f  probable 
Cretaceous OF J u r a ~ s i  c age. 

ARGf LL I T € ,  TUFF, QUARTZ 1TE , AND CONGLOMERATE--Thl s un i t  cans f sts of 
t w o  d i 5  tfnct D a r t s ;  one, whic9 includes VABM Y r a i n  D15 
quadrangle, composed o f  most1 y a r g i ?  1 i t e  with minor quartz1 t e  
and s l a t y  a r g i l l i t e ;  and the  other ,  which includes areas shown 
by k t  symbol, characterized by tuffaceous r x k s  associated w i t h  
black or dark gray argi 1 1  i t e  and congf merate,  Argi  1 1  i t e ,  
including s i  1 tstonc, s i  1 iceous s i 1 tstone, and shale of the 
eastern area i s  dominant1 y gray, 01  i ve, or  greenish gray and 
generally weathers reddisheye1 low brown or tan; c m o n l y  
1 irnoni te or manganese sta ined a1  ong fractures; 1ocally sl aty; 
cleavage c m o n l y   ell-developed and fo lded.  quar tz i te  mostly 
greenish gray or gray, but  some white or I jght  gray. Sulfides 
and h e m a t i t e ( ? )  locally abundant. Argillites, especially o l i v e -  
colored a r g i l l  ites, very similar t o  those of the argil l  i t e  grit 
and q u a r t z i t e  un i t  (Bpea ) .  F e l s t c  tuff and pyroc las t ic  rocks 
ere medium 1 ight-gray; sane crystal tuff with large dark gray, 
glassy quartx crystal 5.  Pyrocl astic rocks Interlayered with  
gray and dark gray argillite. Tuff and arg i l l i t e  appear to be 
interlayered w i t h  conglomerate, especially near the western and 
northern marg ins  o f  unit. Conglmerate has pebbles as 1 arge as 
3 em i n  diameter composed mostly of white quartz and gray and 
black chert. Host pebbles stretched and f lattened. Shearing 



c m o n  i n  conglomerate and tu f f .  Rocks of t h i s  u n i t  poorly and 
sparsely exposed except I n  the eastern part of area near VABM 
Vraln. Springs, w l  t h  surround1 ng sediments and vege ta t ion  
stained orange-brown, merge from rocks of t h i s  un i t  i n  several 
places. Contact may be structural, a t  least i n  par t .  

Age r e l a t f o n s  o f  t h i s  u n i t  are uncertain and the two parts 
of  i t  may be o f  different ages. 

MRsq ARGILL17E AND QVARTZItEf-Argillaceous rocks include argillfte, 
mudstone, and s l l  tstone mostly dark gray t o  black,  locally 
quartsitSc, and calcareous i n  a few places; gray and black 
chert occurs locally. En a t  least three localities a vttreous 
quartzite (sham by dots on map), probably an eastward extension 
of vi t reous quartzite un i t  (0%) o f  the Livengood quadrangle 
(Chapman and others,  1971), crops out, Quartzite i s  l i g h t  gray, 
dense, and has a vitreous luster .  Outcrop of quartrjte i s  not 
as continuous or  as prominent as i n  the t i  vengood quadrangle. 
Limestone, gray, very f ine  grained and t h i n l y  bedded crops out 
at one locality i n  the  C-6 quadrangle and eontains bar and 
simple cone sonodont fragments which have an age range of 
Ordovician through Tr iass ic  (map no. 1, t a b l e  2 ) .  

Maf ic  lavas,  dark greenish gray, including mygdafo ida l  
basal t  and basal t brecei a appear f nterl ayered w i t h  sedimentary 
rocks; gabbroic rocks occur as dikes and s i l l s .  

Some con tac t s  may be structural. Both early Paleozole and 
early Mesoroi c ages have been por tul ated by dZ fferent workers 
f o r  t h i s  u n i t ,  but d e f j n i t i v e  fossils have not been found. 

ULTRAMAFTC AND MAF I C ROCKS AND GREEHSTmE--Ser~ent i ni zed peti dot1 te ,  
mostly greenish-black; b a s t i t e  v i s i b l e  on weathered sutfaces+ 
Associ ated cumul a t e  cl inopyroxenc gabbro and- el inopyroxrni te; 
a1 so amphi bole gabbro and c l  fnopyroxene gabbro w i t h  secondary 
quarts crop out 1 ocal ly as 1 ayers, Secondary ehlori t e  and 
a c t i  nel i t e  abundant i n  gabbros; 1 O C ~ ?  cl i nozoi s i  t e  and sphene* 
Brecciated i n  places. Magnesite marble locally infolded i n  
serpenti n i zed ~ e r i  d o t  i t e .  Aerunagnetf c data suggests t h a t  the 
u? tramaf i c  rocks o f  th is  u n i t  which crop out on Beaver and 
V i c t o r i a  creeks are continuous beneath a loess corer. 

Greens tone cons i s t s  o f  metamorphosed basal t and tuff. 
Volcanic textures Include aphanitic, intcrsertal, 
microparphyri t i c ,  and glmeroporphyri t i c  with clots of 
plagioclase and pyroxene. Secondary c h l o r i t e ,  t a l c ,  and 
ae t ino t i t e .  Outcrops mostly massive, but locally brecciated. 
Locally vesicular,  c m o n l y  with a lunpy weathering surface. 
Probably i n thrust f au l t contact w i  t h  adj  acefit mtasedimewtary 
F O C ~ S .  

Dsd WLdMfTE AND ARGILLITE--Dolomite mostly pllow-gray, weathering tan 
or brown; argfllacmus rocks Include argfllite, shale and 
s i  1 tstone mostly gray and dark gray t o  black; inter1 ayered with 
l f g h t  and dark gray chert, yellowgray dolamite, gray marble, 
and gray, fine-grained quartzftc.  Locally includes mygdaloidal 
greenstone with cal c i t e  vvei nl ets  and c a l c i t e f  l l led mygdules, 
and maf i c  t o  intemediate(?]  dikes.  Poorly exposed. S a e  
contacts are structural. Rocks of uni t  extend eastward from 
Livengood quadrangle (dolomite, limestone, s i l i c i f i e d  carbonate 
rocks and chert uni t  (ad) o f  Chapnan and ethers (1971 ) 1. 



Suggested Ear ly  Devonian t o  m i i d l e  S i l u r i a n  age and 
s t r a t i g r a p h i c  re1 a t i onsh i  ps are based on detcrmi n a t  i ons i n  t be 
L i vengood quadrang 1 e {Chapman and others, 1980). 

Ds \ LIMESTONE, DOLOMITE, AND SHALE--Limestone gray,  medium l i g h t  to  d a r k ;  
weathers tan or  ye l lowish  brown; f i n e  t o  medium gra ined;  o a r t l y  
recrystallized; l o c a l l y  b recc ia ted  and c u t  by calcite v e i n l e t s ;  
i n  a few places cocta ins  i n t e r l a y e r e d  minor dolamite and dark  
gray shale. No fossils found, but coral  and echinodcmal deSr1S 
occur to the west i n  the Livengood quadrangle. Rocks of  t h r s  
u n i t  are on t rend w i t h  folovana Limestone i n  the Livengood 
quadrangle and probably  c o r r e l a t i v e .  Contacts probably  m o s t l y  
yneonfomable, but  some may be f a u l t  contacts .  

50s SILTSTONE, DOLOMITE, CHERT,ANDWFIC IGNEOUSROCKS--Siltstone, a l m s  
w i t h  a r g i l f  i t e  and mudstone, gray, black, or o l i v e  gray; 
cmrnonly sheared w i t h  locally well-develowd cleavage. Dolomice 
tan, weathers brown; general 1 y layers are a f e w  em t o  one rn 
t h i c k .  Limestone a l s o  occurs and i s  gray or dark gray, banded, 
f ine-grained; cher t  gray or  dark gray, comnonly sheared and 
breceiated. Rocks s l i g h t l y  metamorphosed, folded, and commanly 
sheared; a x i a l  plane cleavage locally welt developed. Oikes, 
sil  Is, s m a l l  lense l i k e  bodies,  and layers of dark greenish 
b? ack gabbro and basa l  t. Same basalt contains carbonate 
amygdules; i n  places v e s i c u l a r  where carbonate has been removed. 

These rocks crop ou t  i n  two Sands, one i n  the northeastern 
p a r t  o f  the C i r c l e  quadrangle  and one south of Seaver Creek. 
Chert occurs most  1 y i n  the northern band and the maf i c  rocks arc 
present i n  the southern band. Outcrops are very 1 imited, 
erpeci a1 ly i n  t he  southern area. Because of poor exposure, 1 ack 
o f  f o s s i l s ,  uncerta in  s t r a t i g r a p h i c  sequences, and non- 
d i s t i n c t i v e  1 i t h o 1  ogi es, these reeks have not been subdivided.  
They are t e n t a t i v e l y  mapped as an extension of the volcanic and 
sedimentary rocks (50~s) of the  li vengood quadrangle. They may 
inc lude Hertie's u n i t ,  the F o s s i l  Creek V ~ l c a n i c s  (Mertie,  1937, 
p.  51-85). However, they are not typ ica l  o f  type F o s s i l  Creek 
Volcanics. P r o v i s i o n a l l y  considered Ordovician and(or) S i l u s i  an 
i n  age. 

0 Id LIVENGOOD DQME(?)  CHERT-Unit includes chert, slate, argillite, 
dolomite, l imestone, and a l t e r e d  maf ic  rocks. Chert  dark gray 
and b lack ,  b recc ia ted  near con tac ts ,  Argillite, with sane shale  
and s la te ,  gray. Dalmi te  gray, weathering tan, brown, and 
orange-brown. Minor limestone, greenfsh-gray, d i r t y  and dark 
gray; recrystal I ixed. Maf i c  volcanic rocks, gtcenish-gray, 
ves icu la r  and arnygdalofdal w i t h  ca lc i  t e - f  i l  led amygdules, atso 
are minor i n  occurrence. The only fossi ls  found are poorly 
preserved radiolarj ans (Spume1 lari i n a )  (map na. 3 ,  table 2 )  of 
indeterminable age. A t e n t a t i v e  un i t  designation i s  based on 
I ithologic s i m i l a r i t i e s  t o  the Livengood Dane Chert i n  the 
Livengood quadrangle (Chapman and others, 1980) and apparent 
continuation of i t s  structural trend i n t o  the Circle 
quadrangle. Type Livengood Dme Chert i s  Late Ordovician. 

&pGa ARGILLITE, GRIT  AND QUARTZITE--Argillite, gray, maroon, and green; 
s l a t y .  Interlayered gray and greenish gray g r i t  and quartzite; 
quartzite c m a n l y  has a boxwork of ca lc i te  win le ts ;  near 
southern con tac t  rnj nor i nter  1 ayered gray, recrystal 1 i zed 



1 imestone and greenish gray impure 1 imest~ne;  a l s o  m i  nor gray 
chert .  Minor basal t  and gabbro, dark greenish gray; some 
amygdaloidal; calcareous; has sul f ides i n  places. Maroon and 
green a r g i l l  i t e  not abundant, but u n i t  defined on f i r s t  
occurrence o f  maroon and green arg i  11 i t e  above qua r t z i t e  and 
a r g i l l i t e  o f  the q u a r t z i t e  and a r g i l l i t e  u n i t  (RpEge)  as i n  
the  Livengood quadrangle (Chapman and others, 1971). G r i t  and 
quar tz i te ,  p robab ly  the most abundant rock types i n  t h i s  u n i t  i n  
t h i s  quadrangle, are l i t h o l o g i c a l l y  s i m i l a r  t o  tha t  o f  the g r i t ,  
q u a r t z i t e  and a r g i l l i t e  u n i t  (RpCgq). The t race f o s s i l  
Oldharnia was found i n  the 0-6 quadrangle (map no. 2, t ab le  2 )  
m e s t s  a Cambrian or possib ly  Hadryni an (1 ate Precmbr i  an) 
age (Hofmann and Cecile, 1981, p. 288). 

RP$% GRIT, QUARTZITE, AND ARGILLITE--Grit and qua r t z i t e  most ly gray or 
greenish gray, but may be tan, brown or dark gray. Ranges from 
f i ne -  t o  coarse-grained, r a r e l y  conglaneratic, and equigranul ar 
t o  bimodal. Boxwork of quartz ve in le ts  common. Quartz grains 
glassy, f ros ted  and clear,  t ranslucent  blue-gray, white, gray, 
or  smoky. Feldspar grains l oca l  l y  abundant. Grains c m o n l  y 
angul at- or subrounded; l o c a l l y  we1 l-rounded. Largest e l  asts are 
most commonly quartz, feldspar, ~ o l y c r y s t a l l i n e  quartz and 
fe ldspar ,  and r a r e l y  a r g i l l  i t e .  Mat r ix  i s  general ly  quartz + 
whi te mica + c h l o r i t e .  Weakly ~etamorphosed; l o c a l l y  sheared. 
Bedding genTral ly  obscure. A r g i l l  i t e  i s  gray t o  black, greerlish 
gray, o l i v e  gray, tan or  brown. Loca l l y  a x i a l  plane cleavage, 
comnonly not p a r a l l e l  t o  l aye r ing  and cr ink led.  Rare t h i n  
layers o f  gray and dark gray 1 imestone, weathering, brown and 
gray do1 mite. $1 i g h t l y  contact metamorphosed in p1 aces near. 
Lime Peak. The t race  foss i  1, Oldhamia, was found i n  the west 
cen t ra l  C-6 quadrangle (map n o v l e  2) ,  and suggests a 
Cambrian or  poss ib ly  Hadryni an ( l a t e  Precambrian) age (Hofmann 
and Cecile, 1981, Q. 288). 

AREA NORTH OF TINTINA FAULT ZONE 
C i r c l e  Terrane 

(Churkin and others, 1982) 

k R  L CIRCLE VOLCANICS AND ASSOCIATED ROCKS--Canpri sed o f  d i  abasic gabbro, 
basalt ,  d i o r i  te, u l  t r a n a f i c  rock, chert, and t u f f .  Gabbros dark 
gray o r  greenish gray, weathering brownish gray; f i n e  t o  coarse 
grained; diabasic hypi d i  anorphic granul ar; canposed of 
plagioclase, c l  inopyroxene, 01 iv ine,  magnetite, and i lmenf te.  
Secondary minerals i nc l  ude chl  o r i  te, serpentine, quartz, and ' 

amphibole. Gabbro most ly  occurs i n  small massive outcrops i n  
t he  Crazy and L i t t l e  Crazy Mountains. Along the Yukon R iver  
layered gabbros w i t h  diabasic t ex tu re  crop out; most of the 
diabasic gabbros are probably plugs, s i l l s ,  and dikes. 

Basal t  or  andes i t i c  basalt ,  dark greenish gray, weathering 
brown or brownish-gray. Aphanit ic grounhass ccmposed of 
plagioclase, o l i v i ne ,  clinopyroxene, and magnetite; l oca l  
g l  aneroporphyri t i c  e l  ots of p l  agi oc l  ase and c l i  nopyroxene; 
t ex tu re  most ly  oph i t i c .  Vesicular i n  places w i t h  vesic les 
f i l l e d  w i th  c h l o r i t e  and ca l c i t e ,  Most ly  flows, much weathered, 
inc lud ing  l oca l  spheroidal weathering. Rare b a s a l t i c  vo lcanic 



breccia and basaltic ( 7 3  tuff. I n  p laces  dior i t e s  aoparen t l y  
Intrude gabbro and b a s a l t .  Oiorites are mediun greenrsh-gray, 
medium- t o  coarse-grained; hypidiomorphic granular ;  m o s t l y  
altered to ch lo r i t e - ac t i no l  ite, and c a l c i t e .  

Minor amounts of t u f f  are interlayered along the Yukon 
R i v e r  as are a f ew  1 ayers of 1 imestone. Local layers and 1 enses 
of cumulate maf ic  and ~ltramaf i c  rocks occur i n  the  Crazy 
Mountains, and on Birch Creek i n  the  D - 1  quadrangle. C m u l  ates 
consjst of clinopyroxene and plagioclase; olivine and 
c 1 i nopyroxene; o 1 i v i  ne, c 1 i nopyroxene, and pl agf oc 1 ase; and 
clinopyroxene, plag ioc lase ,  and magnetite. 

Chert. mostly light to dark gray, but locally white, t z n ,  
red, or b l a c k .  Occurs i n  layers a few centimeters t o  a few 
meters thick i nterl ayered with b a s a l  t and d i  abas i c  gabbro, and 
rarely w i t h  medium-gray and b lack  a r g i  1 1 i te; one except i ona? 1 y 
large outcrop about 170 m long i n  the  t i t t l e  Crazy Mountains 
exposes a sec t ion  of  2.5 m of gray and bleached whi te  ribbon 
chert w i th  1 ayers ranging from 2 t o  18 cm th ick  but  averaging 5 
em in thickness. Radiolarians from the cher t  have L a t e  
Mississ ippian.  Pennsylvanian, and-Tr iass ic  ages (map nos, 18, 
19, 20, 2 1 ,  22, 24,  27 ,  36, and 37, t a b l e  2) .  Cherts o f  a l l  
these ages have a s i m i l a r  interlayering w i t h  basaltic l a v a  and 
similar assoc ia t ions  w i t h  the i n t r u s i v e  rocks; occurrences o f  
di f ferent  ages cannot be d i s t i n g u i s h e d  i n  the f l e ld ,  

Circle volcanics are s i m i l a r  i n  1 i thology to pocks o f  the 
Rampart Group and Mertie (1937) included them i n  this group, 
although the j n t r u s i v e  rocks were excluded. Mertie considered 
the C i r c l e  Volcanics Carboniferous i n  age. Brabb and Churkin 
(1969) called similar rocks, along t h e  Yukon River  i n  the 
Charley River  quadranqle, Circle Valcanics and ' indicated that  on 
the basis of limited potassium-argon age determinations same of 
the i n t r u s i v e  rocks could be as young as T r i a s s i c ,  However, 
they p r o v i s i o n a l l y  assigned the Circle  volcanic^ t o  the l a t e  
Paleozoic.  1 he C i r c l e  Volcani cs and associated rocks u n i t  
(*@c) of t h i s  report includes ! le r t ieos  C i r c l e  Volcanics w i t h  
the assocf ated maf i c  i ntrusi  ve rocks and i s  probaSly cotrcl a t i  ve 
w j  t h  parts o f  the Rampart Grouo. 

PMc C H E R T , A R G 3 L L ~ ~ , A N O Q U A R ~ I T E - - C h e r t m o s t I y b l a c k , g r a y ,  a n d d a r k  
gray but i nc 1 udes 1 i ght gray, green and whi te,  banded. Rare 
argi 11 i t e ,  shale, sl ate, and s i 1 tstone mostly gray, dark gray, 
and black; quartzite mostly g a y .  Chert, argillaceous rocks and 
quartzite are interlayered. U n i t  forms a poorly exposed east  
trendlng belt i n  the  eas t  Crazy Mountains; which may be i n  f a u l t  
contact w i t h  the argillite, g r i t ,  and quar tz i te  uni t  (&)&a ) t o  
the south. May be p a r t  of the Cfrcle Volcanics and associated 
rocks u n i t  (hk- ) or In eonfonnable, unconformable, or  fault 
contact with them. A g e  based on r a d i o l a r i a n s  probably 
Carboniferous. Rlbaillella sp .  and Paronaella impella Omiston 
and Lane o f  Late Mississippian age occur i n  the nestern par t  of 
the u n i t  (map no. 23 ,  tab le  2 ) ;  7 km east the chert locality of 
map no, 28 ( t a b l e  2 )  contains Spongod7scaceid gen. nov, 
(tetrahedral ) (Ho l  dsworth and Jones, 1980) of 1 a t e s t  L a t e  
Mississippian or Early Pennsylvanian age; i n  two other 
localfties (map nos. 25 and 29, t a b l e  2 )  very poor Spumellariina 
of pors lb le  Carboniferous age occur. 



Crazy Mountains Terrane 
(Churkin and others, 1982) 

West Crazy Mountains 

htLRd DICRITE--Green, ol ive green or  greenish brown; medium t o  very coarse 
gtajned, porohyritic; locally has plagioclase phenocrysts as 
much as 10 mn long, partly altered t o  sericite, and 
C F  i nopyroxene phenqcrysts as much as 8 mn 1 ong partly a1 tered t o  
chlorite, i n  a groundmass of  plagioclase laths, chlor t  t e ,  white 
mica, apat i te ,  i lmenite and sphene. Calclte locally abundant as 
elongate, rounded pods that  probably resulted fran intrusion 
i n t o  1 imestone. Rock i s  most1 y massive but  locally has a 
metamorphic f ab r i c .  Rock i s  much altered and appears t o  have 
been subjected to l ow-grade regional metamorphi sm. Age 
uncertni n. 

Bc 9 CHERT P E B B L E  CONGLOMERATE--Congl anerate cl  as t s  are I 4 ght gray and 
black chert, white and 1 i g h t  gray quartz, reddish-brawn and gray 
quartzite, and some gray s late .  The chert and quarts pebbles 
predominate; m o s t  are f a i r l y  we1 1 rounded and range jn d5 ametct 
frm 1 t o  8 cm. Loca l ly  c las t s  of  dark gray, or greenish gray 
slate, or tan argi 11 i te  as much as t o  20 an long, Minor 
i n t e r  1 ayers of gray or t an  coarse sandstone and dark gray or 
ol  f ve-gray shale  or arg i l l  ite. Bedding rarely detectable i n  
congl merate. On northern contact o f  emgl anerate, an outcrop 
o f  dark gray limestone {map no. 11, tab le  2 )  cantatns 
echinodermal debris and conodonts. 

The conodonts i n d i c a t e  a 1 ate Early Devoni an age, but the 
relation of this  limestone t o  the conglmerate i s  not known, 
because a sharp val  ley, whi ch may f ndi cate a f au? t, separates 
the limestone frm the conglomerate. The limestone may be a 
remnant of t h e  l imestone u n i t  ( D I ) .  The conadofit color 
alteration index ind ica tes  that  the limestone reached a 
temperature of 300 t o  350'~, 

f?z c c  CHERT, CONGLOMERATE, AND L IMESTONE-Chert and chert-pebble 
conglomerate art the most character is t ic  rock types but  other 
sedimentary rocks are interbedded. Chert dominantly gray or 
black;  m a s s l v e  i n  a f e w  places foming outcrops 30 t o  SO m high, 
but cornonly brecciated. Sane interlayered chert-pebble 
conglomerate u i t h  mostly gray and black chert clasts and a few 
white, red, and green chert fragments; most c l a s t ~  f a i r l y  
angul at  but local1 ly we1 1-rounded and up to 13 an across; minor - chert areni t e  and black shale inter1 ayered i n  the conglmeratc; 
a lso  interlayered calcarenite wdth chert f r a q e n t s  and.sandy and 
eonglaneratie limestone. ttmestbne gray, interlayered with gray 
shale. Locally abundant black or gray slate and argilljte, 
si l iceous argf 1 1  it@, gray siltstone, and rarely brown weathering 
do1 mf te 1 nter'l ayered uith chert, Sane beds resemble thin 
t u r b i d i t e s  and pelagic Interbeds appear bioturbated. A medim- 
gray f ine-grained limestone i n  the 0-4 quadrangle (map no. 7 ,  
tab le  2 ) .  apparently interlayerad In a past o f  the section 
contai  ning cher t ,  argt 11 i te ,  and sheared congf merate contains 
echinodemal debris and conodonts ( t a b l e  2). The cenodonts are 
late  Late Devonian i n  age, but the amount and part of the 
section to which thqs age appl ies i s  unknown. It probably i s  



not representative of  a11 of the rocks included i n  this u n i t .  
Unident i f iab le  echinodemal debris was also found i n  t h e  0-5 
quadrangle (map no. 6 ,  t a b l e  2 )  and i n  the 0-4 quadrangle (map 
nos. 8, 12, and 14, table 2 ) .  Poorly preserved rad fo la r ians  
(Spumellariina) o f  indeterminable age were found i n  the D-4 
quadrangle (map nos. 9 ,  13, 15, and 16,  tab le  2 ) .  Rocks i n  t h i s  
un i t  are c m o n l y  high1 y sheared and are sl i ght l y  metamorphosed; 
same o f  the atgillite has d i s t i n c t  f l akes  o f  white mica. The 
conadont color a l t e r a t i o n  index indicates that the limestone 

0 1 
reached 300 t o  350' C. 

LIMESTONE--Mostly medium gray w i t h  same yellowish-gray mot t l i ng ;  
locally recrystallized, generally massfre, but f a i r l y  th in-  
bedded locally. I n  the west Crazy Mountains occurs in small 
widely separated outcrops which may be erosional and(or)  f a u l t e d  
rmnan t 5.  

One outcrop in the  Circle D-4 quadrangle (map no. 17, t a b l e  
2)  has strmatoporoi  ds, corals, and conodonts, The corals 
restrict the age to earliest Early Devonian. This  f~ssi l i ferous 
limestone appears to be s l i g h t l y  older than a fdssiliferous 
1 inestone in the east  Crazy Mountains (map no. 30, t a b l e  2 )  i n  
whjch corals restrict the age to 1 a t e  Early Oevonian. Both of 
these  1 imes tones are s i m i  1 ar t o  To1 ovana 1 irnestone (Thomas 
Dutro, Jt., oral c m u n i c a t i o n ,  1981) and are probably 
correlative w i t h  at least parts of it i n  the Livengoad 
quadrangl e. 

a ARGILLITE, GRIT, and QUARTZITE--Argi 11 i te, shale, sl ate and phyll i t e ,  
c m o n l y  o l i v e  green or gray, rare ly  maroon and green. Grit and 
q u a r t z i t e  commonty gray, dark gray or o l i v e  green; most1-y f ine -  
grained; comnonl y have clear glassy quartz grains. Chert 4 s 
gray* black,  white,  and gray and green banded; locally 
brecciated. Marble, mostly i n  t h i n  interlayers, ranger frm 
dark t o  l i g h t  gray and i s  mostly fine-grained, Gray dolani t@,  
t h a t  weathers brown, occurs as rare inter layers,  Rocks of the 
u n i t  s l i g h t l y  metamorphosed. Unfossiliferous; age uncertajn, 
but on the basis of t e n t a t i v e  correlation with 1 ithologicalty 
sirnilav rocks i n  the eas t  Crazy Mountains considered o f  probable 
Cambri an or Hadryni an ( 1 ate  Precmbri an) age. Bl ack 1 imestones 
w i t h  quartz grains which are characteristic o f  t h i s  un i t  I n  the 
eas t  Crazy Mountains are not found i n  the west Crazy Mountains. 

East Crazy Mountains 

Rc9  CHERTPEBBLE CONGLOMRATE--Hostlygray; clast r  a r e  dminantlychert 
but minor quartz and quar tz i te  and rare argillite and sfltstone 
fragnents occur. Size  af clasts range fran mediun sand t o  
pebbles 8 cm I n  diaeter; chert clazts c m o n l y  l i g h t  and dark 
gray; rare1 y bright green or whfte; minor whfte quartz clasts. 
Most c l a s t s  f a i r l y  angular, but locally more rounded; a Few 
i nterl ayers o f  b l  ack shale and gray sandstone. S i 1 tstone cl as t s  
are f l a t ,  medim dark gray with brown weathering r inds .  locally 
large 1.3 m long and 15 an th ick )  shale fragnents and gray 
sandstone fragments occur, Mat r ix ,  c m o n l y  minor i n  amount, f s  
mostly fine-grained s i l i c e o u s  sand. Bedding or layering I n  
ccnglanerate generally not visible. 



Conglmerate 1 O C ~  ly somewhat sheared. Sane chert  peSb l  es 
i n  conglomerate conta in  poorly preserved radiolarinns 
(Spumel~lariina) (map nos, 31, 32, and 34,  tab le  2 ) ,  o f  

01 
indeterminable age. 

LIMESTONE--Mostly medim gray, but locally dark gray w i t h  some 
ye1 1 owish-gray mott l ing;  weathers 1 i ght gray; f ine-gra i  ned; 
locally recrystallized; generally massive but thin-bedded i n  
places; comnonly white calejte veinlets and mall veins lace the 
outcrop; s o l u t i o n  p i t t e d  surface c h a r a c t e r i s t i c ;  ri 11 enste i  n, 
stylof i tes and other ma1 1 sol u t i a n  features occur. Local  1 y, a 
f e w  dark gray, smooth surfaced d o l m i t e  beds interlayered. 

Gray 1 imestone f o m s  l arge steep-sl ded outcrops on t h e  
rtdges separated by covered intervals. One limestone un i t  can 
be traced from a f a i r l y  broad QutCr0p area, in the eastern east  
Crazy Meuntai ns into  a narrow band which extends westward for 
more than 19 km. 

Covered and poor1 y exposed i nter val s between 1 imes tone 
outcrops i ncl  ude m i  nor gray and bl aek shale, s i 1 t s  tone and 
arg i l l  i t e ,  gray chert, maroon s f  ltstone, and quartzi t e .  L i g h t  
gray t o  white, very f ine grained dolamite t e n t a t i v e l y  included 
i n  the northeastern part of the un i t ;  I n  places has a boxwork of 
white quartz vc in l  ets; l acal f y  br~cc ia  cenented by quartz. 
I ndetemi nate  bryotoans, conodonts and the two-hol ed cri noi d 
ossiele Gasrerocma bicaula Johnson and Lane present i n  the 
Circle ~-Wlmapn.  30, table 2 ) .  The most l ikely  
age i s  Emsian ( l a t e  Early Devonian). Un4t  i s  s i m i l a r  i n  age and 
lithology t a  parts of the  Tolavana Limestone o f  the LIwrngood 
quadrangle. Limestone, 18 km east  o f  locality 30 i n  the C-2 
quadrangle (map no. 35, table  T), i s  tentat ively included in 
this u n i t  and contafns conodontr i n d i c a t i n g  a middle Early 
Devoni an age. 

Limestone o f  t h i s  un i t  probably unconformable t o  the 
adjacent rocks, but sane contacts  may be f a u l t s .  

~ € 6  ARGILL IT€, G R I T  AND WART2 IT€--F i ne-grai ned rocks, range f ran 
argillite t o  slate and phyllite and are dminantly black, a l i v e  
gray or tan, and less comnonly maroon, green, and mattfed marcon 
and green; i nterl ayered throughout uni t  w i t h  g r i t  and quartzi  te; 
t he  mast abundant rock types i n  t h i s  unit i n  the east Crazy 
Mountai ns. Gri? and quartzite mediun gray, dart gray, or  a l i v e  
gray; coarse t -  fine-grained; sane equigranular but some grajn 
sizes arc consp~cuously uneaual; locally arkosic; interlayered 
or in fo lded  wi th  marble, Marble, dark gray or black and has 
scarce t o  abundant quartz grains; boxwork o f  white cat c i  t e  
vei n l  ets chatacteri  s t i c; probably several dl f ferent hOri r o n ~  of 
black marble. Chert, i nterlayered mostly f n  the more southerly 
exposures o f  the uni t ,  i s  l i g h t  gray, gray, o l i v e  gray, white,  
greenish, gray, green, and black,  The trace f o s s i l  Oldhamja i s  
found i n  01 i ve-co 1 ored argi 1 1 i t e  l n trco pl aces (map localitfes 
26 and 33,  table 2 ) .  

Rocks o f  unknown age and a f f i n i t i e s  but lfthologically 
resembling most closely rocks i n  th i s  uni t ,  fnclude argillite 
which crops out south o f  the chert pebble conglmarate unit 
(Rc ) i n  the eastern part o f  the east  Crazy Mauntai ns; green 
argiTl i t c  c u t  by white quartz veinlets,  green and gray phyll i t e ,  



and minor gray quartzite p o o r l y  exposed along the Steese Highway 
south o f  Twel ve Mi l e House; and dark gray, f 1 ne-grai ned and 
f inely  bedded limestone a t  VABM Crazy (eastern C - 1  
quadrangle). Sane of the phyll i t e  along the  Steese Highway 
contains chloritoid growing across the f o l i a t i o n .  

Rocks o f  t h i s  u n i t  only  s l i g h t l y  metamorphosed, but  
folded. Considered f Canbrian o r  Precambrian age on b a s i s  of 9/  Oldhamia, Pb/U a g e s  determined on z i rcons separated frcm a 
q u a r t r i t e  near VA0M Crazy were very discordant and i n d i c a t e  t ha t  
the sedimentary source included Precambrian materjal ( A l e i n f k o f f  
and others, i n  press).  

Preacher 0 l ock 

CHERTANOARGILLIT€--Chert,gtay. b l a c k , m d b a n d e d , f n t e r l a p r e d  
with gray, green, o l i v e ,  black,  gray, and tan a r g l l l i t e ,  rare 
gray marble, whi te  q u a r t z i t e  and white cal carmus quartz1 te; 
l oca l ly  in t ruded by dark greenish-gray t o  black d l o r i t e  and 
gabbro, var  i et i es o f  nhi ch i ncl  ude 01 i v i  ne-cl i nopyroxene- 
hornbl ende cumul ate  gabbro, and hornblende- t i t a n a u g i  t e  gabbre; 
generally a l t e r e d  (or metamorphosed). A few poor ly  preserved 
rad io lar ians  ( S p m e l l a r i i n a )  i n  cher t  (map nos, 4 and 5, t a b l e .  

&! 
21, possibly of Yississippian age. 

LIMESTONE AND CHERT--Uni t i nc l  udes 1 imestanes cropping out i n  b o t h  
the northern and southern p a r t s  o f  the Preacher block whleh may 
be of s i g n i f i c a n t l y  different ages. No f o s s i l s  found. 

Limestone i n  the eastern p a r t  of the Preacher black foms a 
c l i f f  over 350 m high a1 ong Preacher Greek; medf un dark gray 
near top  and l i g h t  gray elsewhere; weathers mcdim gray w i t h  
orange patches; mostly fine-grained, partly recrystallized; 
blocky f racture;  locally a r g i l  laceous. Includes a few t h i n  (3  
an t h i c k )  Sands of b ?  aek chert,  Tan, m i  l l  imeter-thick sil i ceour 
laminae and pisolites near the top. Stylolites present i n  sane 
very f i ne-gr a i  ned or arg i 11 aceous 1 imestone. Sme suvfaces 
etched by s o l u t i o n  have wavey 1 ines which suggest algal 
structures. 

L irnestone i n  the western par t  o f  the Preacher block ranges 
frm l i g h t  t o  dark gray and appears to  be interlayered uf th  
black, gray, and mottled chert ,  tan and gray a r g i l l i t e ,  basalt 
with c a l c i t e  amygdulas, and gabbra, The limestone c m o n l y  i s  
massive, but t h i n l y  bedded i n  places; loca l ly  has boxwork 
fractures f ilted with white calc l te ,  In the southwestern part 
of this block the 1 imestone i s  nostly l i g h t  gray, fine t o  medim 
grained and masrive,  but much jo in ted .  Foms tor-like outcrops 
10 m high.  

Red zircons: 206Pb/238U 8 1,723 m. y.: 207Pb/235U * 1,949 my.;  and 
207Pb/206Pb = 2,198 m.y. 

Gray zircons: 206Pb/Z38U = 427 m. y. ; 207Pb/235U = 748 m.y. ; and 
207Pb/206Pb = 1,888 m.y. 



R p C a  ARGILLITE, G R I T  AND QUARTZITE--Argil11Le, maroon and green; cmmonly 
has slaty cleavage. Interlayered greenstone and minor greenis3 
gray g r i t  and quartzite. Mostly vary poorly exposed. 
lmpressjons or  burrows sesmbl i n g  P I  an01 1 tes  (Hoffman and 
Cecile, 1981) found. Maroon and qreen a r q i r l i t e s  are  similar t o  
thost happed I n  other parts of tG quadrangle; there fore  
Considered of  probable Cambrian o r  HadrynIan ( l a t e  Precambrian) 
age. - 

a$b BASALT AND LIMESTONE--Basal t, dark-greenish or  bluish gray, medi m 
flne-grained, calcareous; pi l lows well-developed loca l ly ;  nearly 
hori tontal,  essenti  a1 l y  undefomed and r i g h t - s i d e  up. T h i  - (3-6 
an) l imestone 1 ayers i n  basalt near exposed base; l i m e s t o n ~  s 
wedim gray or dark gray and lminated. Amygdules f i l l e d  W - r h  
f ine-grained bl ack materi a1 occur near top of basalt  and opal i ne 
material locally f i l l s  fractures. Greenish brown breccia o f  
calcareous basa l t  with a matrix o f  ? ight gray trans1 ucent 
opaline material overlles the amygdalojdal basalt ,  A thickness 
o f  135 m + of b a s a l t i c  rock i s  exposed. Basal t  i s  overlain by 
black, mo&rately coarse crystalline l imstone cut by a boxwork 
of whlte ca lc i te  r e i n l e t s ,  Limestone has a petroliferaus odor 
when struck by a hamner and breaks on shiny black cleavage 
plants ,  Above the 1 imestone, posstbly i n  f a u l t  contact, i s  a 
sectlon of tan dolanite, brown dolcmite, and dolanite wdth gray 
chert f t a y e n t s  over1 a i n  by gray shal e, gray recrystal l i zed  
chert, and calcareous b a s a l t .  A g e  uncertafn; tentat ively 
considered of early Paleozoic o r  late Preeambri an age because 
several d i s t i n c t i v e  Iithologies in t h i s  u n f t  such as the black 
limestone and brown do lmf te  have not been found i n  rocks 
younger than enrly Paleozofe i n  thls quadrangle. 

AREA SOUTH OF T I ~ T I N A  FAULT zonE 
Yukon Crystalline ferrane 
(Chutk in  and others,  1982) 

Da 4UGEN GNEISS- -B iot i te  f e ls jc  gneiss containing augen-shaped potassium 
fel dspar porphyrobl asts.  f he gnt 1 ss occurs as scattered ma1 1 
masses up t o  1 Icm across on ridge crests, and as layers i n  
s c h i s t  and quartzi te a few centimeters t o  Over a meter fn 
thickness. 

A character1 $ t i c  mineral assemblage i s  potassim feldspar, 
cmtmenly microcline, + quarts + plagioclasa + brawn biotite + 
white mica. Slot l te  may be somewhat r u t i l a t k d  and partly 
a? trred t o  ch l  or 1 te. Mymek i t e  cannon. PI aqf ocl ase 
df scbntl nuousl y and cont i nuousl y zoned. Augen are most1 y 
canposite, cunposed o f  two or more potassium feldspar crystals 
w i t h  quartz + biot i te  + white mica i n  the feldspar. Quartx, 
b i o t l t e  and mymekite Tecur around the edges of augen. 
Pro to l  i t h  probabl y a f el si e i gncous rock; spaci a? 1 y associ ated 
w i t h  l i g h t  green calc-silicate rocks (shown by spbot=on map). 

UJPb age of 387 + 43 m.y. (Devonian) on zircon f r a  one 
augen gneiss I s  f nterFreted as the age of  the protol i t h  (John 
Aleini  kaff, wri t ten  comnunicati on, 1981). 

The augen gneiss occurrences may be remnants of folded and 
metamorphosed s i  1 Is or intrusi ve sheets. Alternatively, sane of 



the augen gneiss, especially that  which caps high p o i n t s  on 
ridges, may be thrust rmnants. V a r i a t i o n s  i n  the size 9 f  augen 
and the relative proport ions o f  major minera l  cons t i tuen ts  
suggests t h a t  the augen gneiss may not a l l  have the same orlain 
and protoliths, and p r o t o l i t h s  could inc lude both igneous and 
sedimentary rocks. 

QUARTZITE,META-ARGILL[~€ANDPHYLLITE--Black, d a r k g r a y o r g r a y ;  
dark color  probably due t o  carbonaceous mater ia l ;  c m o n l y  
contajns minor white m i c a  and may be calcareous; q u a r t z i t e  
mast1 y rnediun grained,  th in1 y 1 ayered t o  mass ive ;  meta-argi 11 i te 
may be slaty; in places has t h i n  layers o f  white quartz g r a i n s  
para1 lel t o  layering, as well  as abundant white quar tz  veins,  
v e i n l e t s ,  and lenses, sane o f  which cut across foliation and 
layering; ma1 1, isoclinal, folds locally def o m  1 ayering. 
Metamorphosed t o  greenschi s t  f aci es (probably c h l o r i t e  grade i n  
p e l  i t i c  layers). Stratigraphically overljer phyll i t e ,  
calcareous p h y l l i t e ,  and marble u n i t  ( a m ) ,  

ern PHYLLITE, CALCAREOUS PHYLL If€, AND MARBLE--Phyll i te, gray, with t h i n  
interlayers of crumb1 y ,  impure marble, and black o r  gray 
quartzi t i c  phyl 1 i te. Mostly thin-1 ayered and poorly exposed; 
whi te  quartz + calcite veins and v e i n l e t s  cmon ;  white quartz 
with tan carbTna2e i n  ma1 1 1 enses; areas under1 a in by rock of , 

t h j  s uni t  comnon 1 y character4 zed by abundant, ma1 I ,  scattered 
chunks of white quartz * carbonate. The c m o n  occurrence of 
quartz + plagiocldse * T a l c 1  t e  * muscovite + Mg-chlorite 
phyllite ind ica tes  greenschist fac ies  metamorphism below the 
s t a b i l i t y  of trmo? ite (chlorite zone). May include rocks of 
the quartzite, meta-argillite, and p h y l l i t e  u n i t  (Be) as these 
two units  were not  d i f fe rent ja ted  i n  much o f  the region, 
p s r t i c u l  arly along the East Fork o f  the Chena River. Basal 
contacts are mapped as a thrust  f aul t because of local sharp 
contrasts i n  metamorphic grade and structural canplexity. 

apes PELETlC SCHIST--Mostly medim- to coarse-grained p e l i t i c  schist and 
gneiss w i t h  minor interlayered quar tz i te  and quartzitjc s c h i s t s ;  
subordf n a t t  coarse-gral ncd, whi te  and cream-eol ored marbf es i n  
1 ayers a few centimeters t o  20 meters thick; calc-silicate, 
l i g h t  green or l i g h t  greenish gray, commonly occurs adjacent t o  
augen gneiss (Oa) outcrops. Minor dark green and greenish black 
amphibolite i n  layers a few centimeters t o  a few meters t h i c k ,  
Interlayered pelitic schist, mphibal i te,  calc silicate, and 
t h i  n-layered marble c m o n l  y occur near the northern contact o f  
t h i s  uni t  w i t h  quartzite and q u a r t i z i t i c  schists u n i t  ( R p e ~ ) .  

Regional metamorphism ranges frm anphibolite t o  epidete- 
m p h i b o l i t e  fac ies (siltirnanite * p o t a s s i m  feldspar 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 highest grade rocks 
occurrfng i n  the southeastern par t  o f  the quadrangle; grade 
decreases northward and westward. A eomnon p e l i t i c  assemblage 
t o  the north and west of the hdghest grade rocks Ss quartz + 
white m i c a  * b j o t i  t e  + garnet + chlorite c p?  agioclase. Mafic 
schist i s  hornblende + p l  agiocl ase * quarFz + epf dote 2 chlori t a  
* b i o t i  te.  Cal c-si  1 i c a t e  assmbl  ages jnclude: 
?i-emolite/actinolite + epidote * plagioclase + quartz + 
carbonate; and plagioclase + b i o t i t e  + epidote * carbonate + 
quartz, Characteristic (dmi nant )  mineral assmbl age of highest 



grade rocks ( l ined  pattern) i s  quartz  * plagioclase + wh l te  m i c a  
* biotite + sillimanite + potassium feldspar + garnet. 
Metamorphic grade anpears t o  be close t o  the fiscovite + q u a r t z  
= sj 11 fmani t e  + potassf um feldspar + H20 isograd. S i 11 imani te-  
b e a ~ j n g  gneiss and s c h i s t  a l s ~  occur in minor amounts i n  o ther  
pel 1 t i c  rocks. 

Quar tz i t e  (dot ted p a t t e r n ) ,  gray-brown weathering, w i t h  
minor interlayers o f  pelitic and quarttitic schists occurs 
mostly as platy,  coarse rubble which RklinksY when struck with a 
hamner; outcrops rare, Cmposed pr imar i ly  of quartz w i t h  
b j o t i  t e ,  whl t e  mica and p l  agioc? ase. Locally contains garnet or 
potass3 urn f el dspar. 

Other p e l i t i c  assemblageo i n  the hfgher grade part o f  the 
uni t  ape: b i  b t i t e  * garnet + rtaurolite + kyanitc; b i o t i  t c  + 
garnet + kyanl te; and b i o t i t e  + garnet + G a n i t e  + sillimanlte; 
a l l  vrfth quarts + whlte  mica + pl agioclase. Sm garnet 
porphyrablasts are railed. Intercalated mafie s c h i s t  generally 
has the assembl age hornblende + p l  agiocl ase + quartz + biotite 
locally w i t h  garnet OF carbonate, Calc-silicate ass&&fages 
include: amphibole + Clinopyroxene * quartz * plagioclase + 
epidote 2 biotite + microcline; garnet + amphibole + 
cl  i ns~yroxene * epTdste + quartz; and cl i nopyroxene + carbonate 
+ quartz * plagioclase + epidote * biotite.  Saewhat lwer 
pressure fac ies series yegional m~tmwphism i s  indicated by 
garnet + stavrolite + andalusite + quartz + white mica + 
p l  agiocl ase s c h i s t  i n  southern A 1 2  quadrangle. 

Metamorphism 1s p r i m a r i l y  prograde but retrograde 
metamorphism i s  seen i n  the southern p a r t  of the quadrangle 
where staurol S t e ,  4yanQ te, and andalusi t e  parphlyrsblasts are 
pseudmorphed by white mi ca, Cross m i  cas i ndi cat@ metmorphl sm 
af ter  formation of foliation, This metamorphism i s  spatially 
re1 ated t o  the grani t S c pl utons. Hot spring a r t 1  v i  t y  asroci ated 
w i t h  glutonism may have resulted i n  f o n a t i o n  of steeply dipping 
t o  ver t ica l ,  intersect ing lamontt te  veins i n  the northern A - 1  
quadrangle (Keith and others, 1981, p. 028-829). 

The outcrop pat te rn  and contact re1 a t ions  suggest that the 
pelitic schist un i t  (RpGs) I s  i n  thrust contact w d t h  the 
quar tz i te  and quartritic sch is ts  u n i t  1. Foldlng and 
metmarphism took place i n  these u n i t s  after t h i s  thrusting and 
was followed by more thrusting. 

e f i m s  GARNET-MUSCOVITE SCHIST--Characterized by brown-*athered, mctdim- t o  
coarse-grai ncd, muscovitega~net-quartz-p1 agiocl asa sch f s t ,  
locally with ch la t f  t e  + b l o t i t e  or shlor-lte * chlor i to id .  
Distinguished by l ayez  uith up t o  70 perceny muscovite and 
abundant (as much as 20 percent ) , m i  1 1 imeter-si re garnet. 
Metamorphosed mafic dtkcs  generally cmposed of imphibole + 
garnet + chlorite * plagioclase + carbonate 2 quartz 2 white 
mica * epidote occur and a few  locally reach ec log i t t  facies 
(EcloTjte u n i t ) .  Unit  extensively sheared where i n  thrust fault  
contact with quar tz i te  and quarttitic schists uni t  ( R P C ~ )  
a1 ong the Steese Highway and near f w i  n Buttes. 

RpGd DOLOMITE AND MARBLE --Do1 mite, Gray t o  cream-c6l ortd, weathers tan, 
brown, or gray; massive; folded and lineated, but bedding not 
apoarent; much fractured, breaks 1 nto ma? 1 fragnents; marble 1 s 



gray o r  greenish gray and interlayered i n  calcareous greenisf i-  
gray and gray q u a r t z i t e  and greenish gray and gray c a t  careous 
phyllite, and greenish gray c a t c - s i l i c a t e .  Local s u l f i d e s ,  , 

Do1 mite and marble occur i n  an i sol ated mass about 1 /d kn- ; 
an area i n  the 0-6 quadrangle. Rock of t h i s  u n i t  c m o n l j l  
brecciated and much fractured and i n  probable f a u l t  contac t  w 1 t 9  
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 s  u n i t  (ELpeq). 

epee QUARTzlTE At40 QUARl7ITlC SCHISTS--Quartzite and quartzitic schists 
are dominant rock types, b u t  minor p e l i t i c  sch is t ,  ca lc-  
silicate, m a f i c  schist ,  and rare marble i s  in te r layered .  
Quartzite and q u a r t z i t i c  sch is ts  are generally gray or green( sh 
gray; may be fine to  coarse grained and equigranular, or f i n e  t o  
coarse grained w i t h  rare to  abundant megacryzts of quartz and 
less abundant feldspar,  ranging fran less than a m i  1 1  imeter t o  
over a centimeter i n  diameter. Megacrysts are clear, white,  
gray, blue gray or b l a c k ,  and may be single strained crystals or 
a group of s t ra ined  crystals .  Areas w i t h  meagcrysts are  shown 
by symbolao . The m a t r i x  fo r  the  large grains i s  general ly a 
mosaic of st ra ined  quartz, minor feldspar and wh i te  mica, and 
locally minor c h l o r i t e ,  b i o t i t e  and mall garnets. Some rocks, 
especially those near the nortkas$e_r_n,fau1t cantact of,.the un i t  

my1 onl tes, many of which show syntectonic recrystal 1 1  z a t i W  --- 
i n  quarts. Post-metamorphic shearing i s  common. Sane o f  the 
rocks of t h i s  u n i t  are bel ieved t o  be sheared and r e c r y s t a l l l t o d  
bimodal sandstone perhaps s i m i l a r  i n  proto l i th  t o  the g r i t ,  
quartzite, and a r g i l l i t e  uni t  (E!+g%). Others may be derived 
frm different kinds of protol i t h s  such as quartz i te ,  arkosic  
quartzite, and f e l s i c  igneous rocks, but are now so sheared and 
catacl a s i  zed t h a t  t h e i r  o r i g i n a l  1 i tho1 ogiez are uncertain, 

Loca 1 1 y, very coarse grai ned quar tz  or quartz and f el dspar 
gratns compose most of the rock, f o r  example, i n  the northern 
A - 3  quadrangl e metamorphosed coarse-grai ned, well f a1 i ated 
quartz + feldspar arenite i s  interlayered w i t h  quartzite and 
quar tz - r ich  p e l  i t i c  s c h i s t .  S ingle  quartz gralns and 
polycrystalline quartz are comnonly g lassy and gray, black or 
b l u i s h  gray. T h i s  coarse-grai ned meta-areni t e  i s  p robab ly  I ess 
than 15 m thick on most ridges i n  t h i s  area, but s i m i l a r  rack 
may be much t h i c k e r  t o  the northeast,  

The dot ted pattern i n  the B-4 quadrangle ind ica tes  an area 
OF l i g h t  t o  medim gray, fine- t o  medium-grained, re1 atively 
pure quartzite w i t h  a few, scattered, clear, l ight  gray, quartz 
megaerysts. Minor amounts of w h i t e  mica and c h l o r f t e ,  and rare, 
small bio t f t e  flakes occur. Btwn specks, possib ly  weathered 
carbonate, occur 1 ocall  y. 

Quartzites are interlayered with minor mounts of pel i t i c  
schtsts (quartz * plagloclase * muscovite + chlorite schists  
cunmonly ~ 4 t h  b i o t i t e  + garnet or wi th  chlor i to l ld  + garnet and 
1 ocall y carbonate). S= garnet porphyrobl as ts arF rol l  ed. 

3-arnet l s  absent i n  the northern par t  of t h i s  u?it.  Quartz + 
p l  agioel as@ + muscovite + b i o t i t e  sctiiits with garnet + 
stavrol i t e  or w l  t h  kyanite occur interlayered wf t h  quartzi te  and 
q u a r t r i t i c  s c h i s t  locally within the  higher grade rocks i n  the 
southeastern par t  o f  the quadrangle, Rare f a f r l y  pure t o  very 
impure, t h i n  t o  th ick -1  ayertd marble i s  a1 SO i n t e r l  ayered. 



North o f  the coarse meta-arenite i n  the A - 3  quadrangle i s  a 
l i g h t  green and greenish gray calc s i l i c a t e  (shown by the 
symbolh-) w i t h  t h i n  i n te r l aye rs  of crumbly, greenish-gray 
marble, 1 i g h t  green, calcareous quar tz i te ,  gray and green ish  
gray p h y l l i t e  and f ine-grained q u a r t z i t i c  schis t ,  some w i t h  
l a rge  quartz and feldspar c l  asts and w i th  garnet. Calc - s i  1 i ca te  
and maf ic  sch i s t  occur l o c a l l y  near Table Mountain. 

Greenschist (shown by the synbol - ) i n  the v i c i n i t y  of 
Cluns Fork and BirCh Creek, A-3  and 8-3 quadrangles i s  
t e n t a t i v e l y  included i n  t h i s  un i t .  The greenschist i s  green or  
greenish gray, medium grained and massive t o  fo l ia ted .  The 
assemblage a c t i n o l i t e  or a c t i n o l i t i c  hornblende + p lagioc lase + 
quartz + c h l o r i t e  + epidote + sphene + carbonate + ra re  b i o t  i t e  
or s t i l  pnanel ane i s  comnon. Re1 i c t  igneous tex t& preserved 
l o c a l l y .  Schist  probably most ly der ived fran mafic rocks, 
i nc l  udi ng dikes. 

L o c a l l y  (most ly  i n  the northeastern 8-6, southeastern C-6, 
and southwestern C - 5  quadrangles), the qua r t z i  t i c  rocks are cu t  
by metamorphosed mafic t o  f e l s i c  dikes and small areas o f  
metavolcanic rocks occur. Dike rock  i s  most ly  dark green and 
calcareous; phenocrysts o f  feldspar comnonly v i s i b l e .  

The magnetic c h l o r i t e  s c h i s t  subunit (&@am) i s  
in te r layered and in fo lded w i th  q u a r t z i t e  and pel i t i c  sch i s t  of 
the q u a r t z i t e  and q u a r t z i t i c  sch is ts  u n i t  (&pee ) and d i f f e r s  
f r a n  them p r i m a r i l y  i n  having more magnetite. Green, quar tz  - 
white mica - c h l o r i t e  magnetite sch i s t  i s  i n te r l aye red  w i t h  
l i g h t  and dark gray banded q u a r t z i t e  and minor, th in- layered 
marble. P lag ioc l  ase, b i o t i t e ,  and garnet are comnon. U n i t  
represents a sedimentary sequence r e c r y s t a l  1 ized under epidote- 
amphibol i t e  f acies (garnet zone) condit ions. S i m i :  ar i n  
l i t h o l o g y  t o  sane o f  the Cleary sequence i n  the  Fairbanks 
quadrangle (8undtzen, 1982). Rocks o f  the subunit are most ly  
poor1 y exposed, but t h e i r  aeranagnet i c expression suggests other 
occurrences, e i t h e r  at or near the surface, on t rend w i th  the  
mapped outcrops. 

Regional metamorphism o f  the q u a r t z i t e  and q u a r t z i t i c  
sch is ts  u n i t  (RpCe) as a whole represents a medium-pressure 
fac ies  ser ies and ranges f ran  low amphibolite fac ies  ( s t a u r o l i t e  
and kyani te zone i n  p e l i t i c  layers )  t o  greenschist fac ies 
( c h l o r i t e  zone i n  p e l i t i c  l aye rs ) .  Grade genera l l y  decreases 
northward. Metamorphism i s  p r i m a r i l y  prograde, but ev i  dencef  o r  
ret rograde metamarphism i s  seen i n  the southern p a r t  o f  the 
quadrangle where, around g r a n i t i c  p l  utons (TKg), pseudanorphs of 
whi te mica a f t e r  s t a u r o l i t e  and poss ib ly  after kyani te occur i n  

6 
the pe l  i t i c  1 ayers. Contact rnetamorphirm of qua r t z i  t i c  rocks 
has produced horn fe l  s i  ng. Contact vetanorphosed ca l  c - s i  1 i c a t e  
layers 7.5 km northeast o f  Twelve M i l e  Surrmit (8-4 quadrangle) 
conta in grossul a r i  t e  * hedenbergi t e  + quar tz  + ca l c i t e ;  
ac t i no l  i t e / t remo l  i t e  + c a l c i t e  + epidote + diopside + quartz + 
p l  agioc l  ase; and chondrodi t e / c l  inohumite + f o r s t e r i  t e  + do lan i te  
+ c a l c i t e  + c h l o r i t e  + serpentine. Contact metamorphosed mafic 
sch i s t  i n  t h i s  area contains a c t i n o l i t e  + p lag ioc lase * quartz  + 
b i o t i t e ,  l o c a l l y  w i th  minor c h l o r i t e  or carbonate and t race  
epi  dote. 



Age o f  protoliths unknown. P ink  zircon frun a 
metamorphosed quar tz  areni  t e  a t  Porcupine Ome (B-4 quadrangle! 
gives a 206Pb/238U age of 1558 rn.y., a 207Pb/23SU age of 1797 
m.y. and a 207Pb/206Pb age of 2086 m.y (John A l e i n i k o f f ,  oral 
e m m i c a t i o n ,  1982). The protolith apparently included 
Proterozoic material, but the age of the sediments i n  which the 
t i  rcen was depos i tgd rmai ns unknown. 

&ptm MFIC SCHIST--Green, c h l  or i t@-quartz-carbonate s c h i s t ,  camonly w i t h  
abundant p lagioclase porphy~ob las ts ;  associated wi th  
a n p h i b o l i t i c  schist  and minor marble, quar tz i te  and petjtie  
schist. Crops out  i n  a zone about 5 krn wide and 38 km long i n  
the northeastern p a r t  of the  Yukon crysta l l ine  te r rane  and t o  
the west of  the tone f o m s  interlayers locally in q u a r t z i t e ,  
q u a r t t i t i c  s c h i s t ,  and p e l i t i e  schist of the quar tz i te  and 
q u a r t z i t i c  s c h i s t  uni t  ( R d q + ) .  

P l  agi ocl as@ may canpose as much as 60 modat percent of the  
rock and c m o n  1 y f o m s  30 moda 1 percent. Sane p l  agi oc l ase 
grains contain s t ra fght  inclusion trains, parallel or  at an 
angle t o  f el i a t  i on; others are rol led. Sme garnets have "S"  
inclusion t r a i  Is. Amphi bole-r i  eh layers have the c h a r a c t e r i s t i c  
arsemblage: mphi b o l e  (comnonl y actino? i t i c )  + chlorite + 
epidote + plagioclase + quartz + sphene 2 b i o t i t e  or white  m i c a  
+ carbonate f: garnet. - 

Protolith may i n  p a r t  have been mafic pyroclastic rocks 
depositionally interbedded w i t h  rocks of the quar tz i te  and 
quartri  t i c  s c h i s t s  u n i t  (Qn€e ). Greenschist t o  epidote- 
mphibol  i t e  f ac'es (biotite t o  garnet grade i n  pel i t i c  s c h i s t ) .  

%pegs GRIT AND WARTZITE--Tan or gray; medim t o  coarse quarts, mQnor 
feldspar, and polycrystalline quartz clazts occur i n  a matp ix  of 
carbonate, fine-grained quartz ,  c h l o r i t e ,  white mfca and 
feldspar. Carbonate may be i ron- r ich  and iron oxides may rim 
the i r o n  carbanate, Z i rcon  and(dr) tourma1 f ne may be present as 
a minor accessory rnifieral. Ctasts  mostly angular and 
unoriented; locally there  i s  $me granulation at  grain 
boundaries and grains are embayed by f ine quartz, white mjca and 
carbonate. Quartz generally strafned, 

Very law m e t m o r ~ h i c  grade. Differs fran grit ,  quarttfte, 
and a r g i l l i t e  u n i t  ( B p E g t )  i n  having a very calcareous matrix 
and i n  being slightly more metamorphosed, but may be 
correl at i  ve. 

Ultrmafic, Maf i c ,  and Eclogitic Rocks 

P SERPENT IN IZEO PE9 I DOT TTE --Gray, green, and grecni sh gray t o  green4 sh 
black, genera l ly  weathers bronn; f i n e  t o  coarse grained. 
Generally f o l i a t e d ,  folded and locally sheared; sane very 
magnet 1 c ;  sheets o f  a c t  i no1 i te  an sane shear surf aces; white 
mapnesite l ocal 1 y c m o n  on fracture surf aces and I n '  small pods 
or lenses. Peridotite occurs generally I n  pods, lenses or 
masses general 1 y only a f m hundred square meters i n  area i n  
widely scattered areas i n  the 4-1, A-2, A d ,  and 8-1 
quadrangles. Aopears t o  be in fo lded  w i t h  mafjc and p e l i t i c  
s c h i s t s  and i n  places v i  t h  marble and quartri t e  (pel S t i c  schist  
unit,epe5 ). Secondary actinolite,  chlorite, c a l c i t e ,  and 



magnetite formed during regional metamorphism are abundant i n  
addlt ion t o  serpentine and magnesf te.  Dark  green amphibole 
schist commonly In close associat ion w i t h  the ultrmaf i c  rocks, 

R 9 GREENSTONES--Mostly coarse d i  abasic gabbros conta i  ning mphi bole  and 
el  i nopyroxene and rnj nor secondary quartz; metamorph f c sphene, 
act-i no1 i t e ,  ch l  o r i  te,  and epi date occur i n  several pl aces. 
Local ly contains abundant coarse magneti t e  grains, Mass i  ve 
greenstones crop buf i n  several places along Preacher Creek, and 
greenstones tn each outcrop d i f f e r  frm each other I n  mineralogy 
and texture. Most are too  mall t o  be shown on map w i t h  the 
exception of two o f  the larqest outcrops on Preacher Creek i n  
the northern C-4 quadrangl e. 

Re E C t O G I T E - - M e d i m g r e e n , m e d i m g r a i n e d , m a s s i v e t o f o l i a t e d ;  
canprised of garnet, clinopyroxene (mphacf te ) ,  quar tz ,  
cl inoamphi bole  (barroi s i  t e ) ,  phengi t j  e muscovite,  and minor 
rutile and sulfide. Occurs as m a f i c  layem w i t h l n  quartz-white 
mica-garnet-olagioclase-chlorite-biotite s c h i s t  and q u a r t z i t e  o f  
the garnet-mus e o v i  t e  schist uni t  (Ep€ ms). Exposed near  T w i  n 
Buttes i n  northwestern A 4  quadrangle. Exposures are a l l  small, 
and contact re '  a t ionsh ips  are only v i s i b l e  a t  one place where 
the mafic  layer cu ts  across fo l la t !on,  suggesting t ha t  i t s  
protol i t h  was a dike.  The extent and re1 atianships of these 
high pressure metamorphic rocks are not kn~wn.  
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