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This  t h e s i s  presents  t h e  research of t w o  graduate  

s t u d e n t  i n v e s t i g a t o r s .  Approval f o r  t h e  i n t e g r a t i o n  of 

t h e i r  f ind ings  i n t o  one t h e s i s ,  a s  granted by t h e  Graduate 

Council  of  t h e  Universi ty ,  was based on t h e  s p e c i a l  

circumstances surrounding t h i s  work. 

R.E. Church and M.C. Durfee conducted f i e l d  research 

i n  ad jacen t  f i e l d  a reas  i n  t h e  White Mountains. Although 

each s tuden t  made independent f i e l d  and labora tory  i n v e s t  i- 

g a t i o n s  and preliminary manuscript  p repara t ion ,  t h e  c o n t r i -  

b u t i o n s  of both workers w e r e  s t rengthened by a f i n a l  combined 

p r e s e n t a t i o n .  I n  a d d i t i o n ,  a format w a s  obtained which 

would ease t h e  ;>ublication of t h e s e  f ind ings  a s  a j o i n t  

r e p o r t .  
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The Fossil Creek area is on the w e s t  flank of "the 

White PIountains, approximately S O  miles  north or' Fairbanks,  

i n  the  highlands between Beaver Creek and Cache Mountain. 

This area offers the best oppor tuni ty  Fn the region fox re- 

search on t h e  s t r u c t u r a l  and s t r a t i g r a p h i c  re la t ionsh ips  be- 

tween the Lower Paleozoic and pre-Middle Ordovician and Fre- 

cambrian rocks. Trevious studies of the are were reconnais- 

sance i n v e s t i g a t i o n s  'by t he  U. S .  Geological Survey, the 

r e s u l t s  of which w e r e  sunrmarized Mertfe i n  U.  S .  Geological 

Survey Bulletin 872. 

The oldest u n i t s  mapped Fn the area are pre-Middle Ordo- 

v i c i a n  metamorphic rocks. The sequence includes micaceous 

q u a r t z i t e s ,  quartz mica schists, metavolcanics , marbles, Fm- 

pure quartzi tes ,  c h e r t s ,  p h y l l i t e s ,  slates, and hornfelsed 

rocks i n  the eastern p a r t  of the  a r e a ,  and q u a r t z i t e s ,  s l a t e s ,  

and metavolcanic rocks along t h e  west margin. T h e  slates are 

dated as Early Ordovician ox Late Cambrian on the basis  of a 

fauna l  assemblage c o l l e c t e d  by Blackwelder of  the‘^. S. G e e  

l o g i c a l  Survey in 1315 t o  t h e  nor theas t  of the mapped area. 

The Oxdovician Fossil Creek vo lcan ics  o v e r l i e  t he  pre- 

Middle Ordovician metamorphic rocks. The unit includes altered 

pyroxene a n d e s i t e s ,  altered t u f faceous  conglomerates, altered 

tuffaceous agglomerates, and a quartzase sandstone. T h e  Fossil 

Creek vo lcan ics  were previously dated as Middle Ordovician on 



the bas i s  l ~ f  2'33sil; ?z l l t . c ted  3y Blackwel2er. 

T h e  S i l u r i a r .  Tr?loy~ana Limestone is  c ~ e n e r a l l y  is f a u l t  

'ontact  *.lith Zhe F o s s i l  C r e e j c  - ~ o l c a n i c s .  It i s  a dark ?ray 

t3 blue-blac!:, i iar i ,  .lense limestone. Laboratory analyses  

show t h a t  t h e  sequence contains  o o l i t i c ,  and d o l ~ n i t i z e d  

zones. Measured s t r a t i g r a p h i c  th icknesses  range f r o m  3200 

feet to 4600 feet. F o s s i l s  c o l l e c t e d  from s e v e r a l  l ~ c a l i -  

t i e s  r e - a f f i m  that t h e  Tolovana l imestone is of S i l a r i a n  

age. 

pos t -S i lu r i an  i n t r u s i v e s  a l s o  occur i n  t h e  area. These 

include gabbro, qua r rz  nonzonite,  and tourmaline g r a n o i i o r i t e  

dikes emplaced i n  t h e  Tolovana l imestone and pre-Middle Ordo- 

v ic ian  metamorphfc rocks.  The Cache Mountain quar t z  nonzonite 

pluton in t rudes  t he  >re-Middle Ordovician rnetamorghic rocks 

and l o c a l l y  superimposed s t a t i c  metamorphism. 

The major s t r u c t u r a l  elements of the F o s s i l  Creek a rea  

Include a  s e r i e s  of i ior theast  t rending  thrust and reverse 

f a u l t s  a long which y i e l d i n 7  has been t o  t he  norr i~west  and by 

a high angle  fault which is upthro:m on t h e  east  s ide .  Seven 

f a u l t s  a r e  recognized. The a t t i t u d e  of Tolovana l imestone 

beds genera l ly  s t r i k e s  nor theas t  and s t e e p  dias , reva i l .  Fold 

axes i n  t he  l imestone also s t r i k e  t o  t h e  n o r t h e a s t  and axia l  

?lanes appear t o  d i p  s t e e p l y  t o  t h e  sou theas t .  



INTRODUCTION 

Location 

T h e  F o s s i l  Creek a r e a  is  i n  the northwestern p a r t  

of t h e  White Mountaina approximately 45 mi les  n o r t h  of 

Fairbanks. The White Mountains form p a r t  of t h e  uplands 

between t h e  Yukon and Tanana Rivers i n  t h e  highlands physi- 

ographic province of I n t e r i o r  Alaska. 

The i r r e g u l a r l y  shaped study a rea   include,^ t h e  p a r t  

of the White Mountains loca ted  wi th in  a  r e c t a n g l e  def ined  

by 65O25 ' and 65'40' n o r t h  l a t i t u d e ,  and 147'15 and 147°40' 

west longitude ( f i g .  1). 

Roads, t r a i l s ,  and t r a n s ~ o r t a t i o n  

Travel i n  t h e  White Mountains is  slow and somewhat 

d i f f i c u l t  due t o  t h e  l ack  of roads o r  man-made t r a i l s .  

The neares t  road is t h e  E l l i o t  Highway which i s  25 m i l e s  

t o  t h e  south.  

Forty years  ago s u p p l i e s  were f r e i g h t e d  over  a winter  

t r a i l  from Olnes northward t o  Beaver on t h e  Yukon River 

near  t h e  noutk of Beaver Creek. This t r a i l  passed over 

the drainage d iv ide  between t h e  Tanana and Yukon Rivers  

t o  t h e  b i g  bend of Beaver Creek, and fbllowed Beaver Creek 

northward. During the summer, prospectors  used t o  r a f t  

down Beaver Creek. The trail has recently been used i n  

summer t o  reach t h e  b i g  bend of Beaver Creek, b u t  i s  
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acces ib le  only t o  tracked veh ic les  o r  those equip2ed t o  

txaverse  s w a m p .  

Small boats  ?owexed by outboard motors a r e  eccasion- 
1 

ally used on Beaver Creek, bu t  numerous ba rs  and t h e  low 

water l e v e l  encountered during most of t h e  summer months 

makes t h i s  type of t r anspo r t a t i on  d i f f  i c u l t  . 
Eas ies t  access t o  t h e  a r ea  i s  provided by l i g h t  a i r -  

c r a f t ,  and t h i s  was the method used by t h e  w r i t e r s  while 

s tudying t h e  Fos s i l  Creek a rea .  Two landing a r ea s  s u i t a b l e  

f o r  l i g h t  a i r c r a f t  a r e  located  along Beaver Creek. The 

best f i e l d  is  an improved meander bar of Beaver Creek near  

t h e  Bucholtz cabin s i t e  about 5 miles southwest of t h e  

southern l i m i t  of the  F o s s i l  Creek area.  I t  is used ex- 

t en s ive ly  by hunters and fishermen, and was u t i l i z e d  

s eve ra l  times by t h e  w r i t e r s .  Another landing a r e a  is 

located  on a gravel  bar of Beaver Creek near t h e  Shebal 

hunting cabin about 3 1 /2  mi les  downstream from Ducholtz 's  

a i r s t r i p .  I t  is a s h o r t  strip, however, and it is of ten  

flooded a t  high water. 

Access t o  t h e  a c t u a l  s tudy a rea  and t r anspo r t a t i on  

wi th in  it were by foot .  The access  route followed Beaver 

Creek from t h e  a i r s t r i p  t o  a po in t  one mile nor th  of the 

confluence of Fos s i l  and Beaver Creeks, and then east 

ac ross  Beaver Creek i n t o  t h e  s tudy a rea  ( f i g .  2 ) .  Back 

packing was d i f f i c u l t  i n  some areas  because of dense alder 
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and willow stands. Whenever poss ib le ,  game t r a i l s  were 

u t i l i z e d  which grea t ly  f a c i l i t a t e d  t r ave l .  

Supplies were received a t  t h e  base camp s i t e s  t h r e e  

times during the  season by means of pre-arranged f r e e  f a l l  

a i r  drops from l i g h t  a i r c r a f t .  

Recently hel icopters  have been uaed within t h e  a r ea  :' 

by petroleum companies and would seem t o  be the  i d e a l  

method of t ranspor ta t  ion, 

Previous e x ~ l o r a t i o n  and etudv of the  areq 
I V 

The f i r s t  white men t o  e n t e r  t he  Yukon-Tanana region 

w e r e  t r ade r s  of the  Hudson's B a y  Cchpany who es tab l i shed  

Por t  Yukon i n  1847, but  who d i d  no t  explore the  a r ea  w e s t  

of  it. The region was known t o  the Ruasions through t h e  

repor t6  of nat ives -who v i s i t e d  the grading post8 on the 

Yukon, bu t  they did l i t t l e  t o  explore t he  area  e i t h e r ,  
I 

although Ivan Lukeen of t h e  Rureian American Company was 

t h e  f i r s t  t r ade r  t o  reach For t  Yukon ( i n  1863) from t h e  

lower Yukon (Mertie, 1937, p. 3 ) .  Af te r  the  purchase of 

the t e r r i t o r y  by the  United S t a t e s ,  ntmiierous t r ade r s  and 

pxospectors penetrated t h e  Yukon-Tanana region, b u t  l i t t l e  

f a c t u a l  information concerning t h e  geology resul ted .  

.The f i r s t  geologic expedit ion t o  penetrate the Yukon 

Tanana region was a United state* Geological Survey par ty  
t 

headed by J. E. Spurr i n  1896. Spurr ,  a sa i s ted  by 
i i H. B.  Goodrich and F .  C ,  Schrader,  crossed Chilkoot Pass - '  



t o  t he  headwaters of t h e  Yukon and descended it t o  Nulato. 

On t h i s  t r i p  they v i s i t e d  t he  mining c a p s  a t  Fortymile,  

C i r c l e ,  and Rampart (Spurr ,  1898). The par ty  mapped these  

mining d i s t r i c t s  and attempted t o  systematical ly c l a s s i f y  

the rocks exposed along t h e  Yukon River. 

I n  1898, A. H. Brooka and W. J. Peters ascended the  

White River t o  its headwatere, portaged t o  t h e  Tanana River 

and t raveled down it t o  i ts  mouth (Brooks, i900) .  Thus, 

although ne i ther  of these  geologic reconnaiasance p a r t i e s  

penetrated the  area  under s tudy,  a general  knowledge of 

the geology of t h e  a reas  nor th  and south of it had been 

gained p r i o r  t o  1900. 

Prospectors had undoubtedly passed through t h e  

Foss i l  Creek axea previously,  bu t  it was no t  u n t i l  t h e  

inception of a systematic geologic survey of the Yukon- 

Tanana region i n  1903 under the di rec t ion  of A. H. Brooks 

that  t he  Foss i l  Creek a rea  was penetrated by a geological  

party. This t ask  was undertaken by L. M. Pr indle ,  i n  co- 

operat ion with o ther  United S ta tea  Geological Survey geol- 

ogists, and continued by him u n t i l  1911 (Mertie, 1967, 

p. 6 ) .  During t h e  summer of 1904, Prindle,  a s s i s t e d  by 

F. L. Hese, made a reconnaissance t raverse  from Cleary 

Creek across the White Mountains t o  the southern l i m i t  
- 

of the Yukon f l a t s ,  then aouthwest t o  t h e  main d iv ide  be- 

tween the  Yukon and Tanana drainage systems, and f i n a l l y  

-west along t h i s  d iv ide  t o  t h e  Rampart region (P r ind le  

and H e s s ,  1906, p. 9) . During t h i s  t r ave r se  they mapped 
' , 



t h e  geology of t h e  F o s s i l  Creek a r e a s  on a reconnaissance 

s c a l e .  

I n  1905, a topographic p a r t y  under D. C .  Witherspoon, 

accom9anied by R. D. Stone a s  t h e  g e o l o g i s t ,  conducted a 

to2ographic reconnaissance from F o r t  Hamlin t o  C i r c l e .  

They c a r r i e d  t h e i r  topographic and geologic  i n v e s t i g a t i o n s  

sou th  i n t o  t h e  F o s s i l  Creek area of t h e  White Mountains 

(Stone,  1906, p. 128). 

The Fossil Creelc a r e a  was again  v i s i t e d  by P r i n d l e ,  

accompanied by B. L. Johnson, i n  1909, 

From 1311  u n t i l  1931, s tudy of t h e  Yukon-Tanana 

reg ion  was carried on by J. B .  Mertie, Jr, H e  worked i n  

t h e  F o s s i l  Creek a rea  i n  1921. H i s  work culminated in 

t h e  pub l i ca t ion  of U. S.  Geological  Survey B u l l e t i n  8 7 2 ,  

"The Yukon-Tanana Region, Alaska",  i n  1937. Incorporated 

in t h i s  work is t h e  otherwise unpublished s t r a t i g r a 2 h i c  

and pa leonto logic  information obtained by E l i o t  Blackwelder 

i n  the  F o s s i l  Creek a r e a  during 1915. 

I n  add i t ion  t o  t h e  topographic and reconnaissance 

geologic  s t u d i e s  made by the U. S. Geological Survey, the 

s u r f a c e  waters of t h e  area were very b r i e f l y  s t u d i e d  as 

p a r t  of t h e  program of s u r f a c e  water s t u d i e s  conducted 

from 1907 t o  1 9 1 2  i n  t h e  Yukon-Tanana region. 

S ince  1937  no publ ished work has appeared concern- 

ing  the geology of t h e  Fossil  Creek area .  However, several 



o i l  exploration par t ies  are known t o  have examined the  

region during the past several years. 

Present inveatiqation 

Scope of the  report  

The purpose of this study was t o  gain understandfng 

of the  detai led geology of a r e l a t ive ly  small  area which 

would y ie ld  regionally s igni f icant  information on the 

s t ruc ture  and strat igraphy of t h e  Ordovician and S i lur ian  

rock un i t s  and t h e i r  relat ionships t o  the pre-Middle 

Ordovician metamorphic rocks. The Foss i l  Creek area was 

aelected because of excellent v e r t i c a l  and area l  exposure. 

T h i s  report  presents the  r e ~ u l t e  of an integrated 

f i e l d  and laboratory study of the Foss i l  Creek area, in- 

cluding a 1:20,000 scale geological map and structure 

sec t  ions. 

T h e  report  includes an analysis of the geologic 

his tory of the  area i n  respect t o  the  regional tectonic  

se t t ing .  

Field and laboratory methods 

During the  f i r s t  week of the  field season, which 

lasted from June 3 ,  1960 u n t i l  September 2, 1960, 
- 

D r .  Robert Forbes, thes is  advisor t o  the  wri ters ,  and 

the l a t t e r  made a 7 day reconnaissance of the Fossil  

Creek area. This was done in order t o  obtain a be t t e r  



ap2reciation of the  geological and geographical :?roblems 

t o  be encountered in  the area. A s  a r e s u l t  of t h i s  re- 

connaissance F t  was decided tha t  Church should study the  

northern Foss i l  Creek ridge area and that DurEee would 

be responsible f o r  an adjacent area t o  the  southwest. In 

addition, possible access routes, base camp s i t e s ,  and 

airdrop locations were investigated. From the  information 

gained on t h i s  t raverse  a f i e l d  schedule was established 

and arrangements were made for  a e r i a l  resupply a t  the 

base camp s i t e s  on specified days. . L" 7 l'.- 

Aerial  photographs a t  an approximate sca le  of 1:40,000 

were used i n  the  f i e l d  f o r  mapping. The location of each 
* 

geologic s t a t i o n  was recorded on the  photos a t  the  same 

time t h a t  the  information was recorded i n  the  notebook. 

In addition, s t ruc tu ra l  a t t i t udes ,  formational contacts, 

f a u l t  t races ,  and other geologic information w e r e  recorded 

on a photo. This information was t ransferred t o  U. S . 
Geological Suxvey 1:63,360 scale  maps, and from t h i s  a 

final map was prepared on a 1:20,000 sca le  base. The 

notes were supplemented by kodachrome and black and white 

photographs. 

Field work was accomplished from four base camps. 

The areas within one day's range of each camp were rpapped 

f i r s t ,  and then 5 o r  G day pack trips were made t o  the 

more remote parts of each area. 

Two measured section8 of limestone were made in  the 

northern and cent ra l  Fossi l  Creek areas u t i l i z i n g  the 



brunton and tape method. 

About 250 rock specimens were col lected,  and from 

these approximately 200 t h i n  sections were made. From 

khin srct ion analysis ,  the mineralogical composition, 

textural relationships, and petrogeneeis of the volcanic 

and plutonic rocka was determined. In  addit ion,  rock 

ubips were se lec t ive ly  atained for  K - f  eldspar using the 

sodium c o b a l t i n i t r i t e  method. 

The metamorphic rocks received special  study t o  

determine t h e i r  mineralogical composition, metamorphic 

grade, and metamorphic his tory.  Xn addition t o  t h i n  

sections,  polished sect ions ,  s t a h e d  chips and ace t i c  

acid etches were prepared on carbonate specimens a s  an 

aid i n  detexmining the charac ter i s t ics  and petrogenesis 

of the Tolovanna Ifmestone. 

C ~ l l e c t i o n s  of f o s s f l s  were made from several  new 

l o c a l i t i e s  during the  summer. These fauna were sent  t o  

the Alaskan Geology Branch of the  U. 6 .  Geological Survey 

for identif  ication.  

Cl inrs l t e ,  vesretation, and wild l i fe  

C l i m a t e  

The Fossi l  Creek area has the continental  climate 

typical of interior Alaska. The climate is characterized 

by long, cold winters with f e w  daylight hours in midwinter, 

and short, warm summers with almost continuous daylight.  



There a re  no weather data for the Fossil Creek a rea ,  

but  conditions probably d i f f e r  l i t t l e  from Fairbanks. 

Fairbanks has a mean annual temperature of 26. 1°E', and 

absolute minimum recorded temperature of - 6 6 O ~ .  Freez- 

ing temperatures 'have been recorded every month except 

July (U.  S. Weather Bureau, 1943). The mean summer t e m -  

perature  is 57.8% a t  Fairbanks. 

The mean annual prec ip i t a t ion  is  11.7 inches, but 

more than 60 percent of this falls during the  f i e l d  season, 

from May through September. Thunderstorms are common in 

the region. 

The wri ters  observed that w i n d  is more common i n  the  

White Mountains than a t  Fairbanks and t h a t  the  v e l o c i t i e s  

seemed higher, although no measurements were taken. 

Permafrost occurs discontinuously i n  the  Foss i l  

Creek a rea ,  but no study of its extent o r  d i s t r ibu t ion  was 

attempted. 

Vegetation 

4 
The vegetation of the Foss i l  Creelr area cons is t s  of 

spruce f o r e s t ,  alders, willows, dwarf birch, moss, l ichens 

and sedge tussocks. The val ley of Foss i l  Creek and the 

south faclng slope8 support dense growths of white spruce 

and occasional cottonwood trees. White spruce up t o  24 

inches in diameter i n  t h e  stream valleys, but decreases 

rapidly in  s i z e  and frequency toward tfniberline. Timberline 



elevations are quite variable and depend on the degree of 

southern exposure and the rock type. O n  south facing 

slopes where the bedrock is limestone, spruce t rees  occur 

up t o  elevations of 3000 fee t .  On north facing slopes, 

where the  bedrock is volcanic matercial, the timberline 

may be only 2000 f ee t  above sea level .  Timber does not 

occur on north facing slopes where t h e  bedrock i s  lime- 

stone. 

Above timberline the vegetation changes from spruce 

t r e e s  t o  dwarf birch. Abwe this occur l ichens, moss, and 

small flowering plants. The upper slopes of the limestone 

ridges generally support plant couauunitFes of the heath 

type according t o  Gjaerevoll ( 1 9 5 3 ,  p. 161). 

Dense alder and w i l l o w  th icke ts  occur along the banks 

of Fossil Creek and Fn poorly drained axeaa i n  the creek 

bottom. These th ickets  a l so  occur in draws on the south 

facing slopes and are par t icu lar ly  abundant on the north- 

west facing volcanic slopea. 

Poorly drained areas on the interfluves and Fn creek 

bottoms support a muskeg vegetation of scrub spruce, sedge 

tussocks, Sphagnum mosses, a lders ,  and willows. 

Flowering plants occur a t  a l l  elevations,  and, i n  

addi t ion,  high and l o w  bush cranberries and blueberries 

are p len t i fu l .  

Wildlife 

A number of var ie t ies  of animals occur in the F o s s i l  



Creek area. DalZ sheep are the most numerous of the big 

game animals, and a re  frequently seen on the upper slopes 

of Fossil Creek ridge, Black bears axe very common also, 

particularly in Fossil  Creek Valley. The bears may be 

very bothersame isnd care should be taken t o  keep a l l  food 

stored at least 10 fee t  off of the ground. Moose are also 

present in  the valleys,  and caribou were seen t o  the east 

of the mapped area near the head of Fossil  Creek. Grizzly 

bear have been reported in the area, but none were 

encountered. 

Smal l  animals such as rabbits, squi r re ls ,  marmots, 

weasels, and mice were observed, and other fur-bearing 

animals undoubtedly also occur. 

The only game birds observed were grouse and ducks. 

Hawks, falcons, eagles, ravens, owls, Alaska jays, and 

many var ie t ies  of songbirds are also preaent. 

Grayling are found in Fossil Creek and are the only 

f i sh  present in  the area. 
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PHYSIOGRAPHY 

The major topographic features  of the Fossi l  Creek 

area include a prominent northeast  t ~ e n d i n g  ridge system 

of the White MowtaFns, segments of Beaver Creek and 

Foss i l  Creek valleys,  and a narrow, eastward extending 

ridge r i s i n g  towards, and including Cache Mountain ( f ig .2) .  

Fossi l  Creek ridge is the major topographic fea ture  

of the region, It is a northeast  trending, barren rock 

r idge of limestone and volcanic rock which actually con- 

sists of three segments: a southern section south of 

the mapped area and separated from ft by the water gap 

of Foss i l  Creek, a cen t ra l  section:  and a northern sec- 

t i o n  which is separated from t h e  central section by a 

wind gap (fig, 2 ) .  The a l t i t u d e  of the  ridge crest  is 

generally more than  3000 feet in the cent ra l  section, and 

in the  northern section it is generally more than 3500 

feet in elevation, Several peaks along the ridge are more 

than 4000 f e e t  above sea level .  The crest of the r idge is 

very rugged and sera te ,  pa r t i cu la r ly  i n  the portion formed 

by v e r t i c a l  limestone beds, In the extreme southern part  

of the  mapped area Possll  Creek ridge bifurcates  and two 

ridges occur, separated by Bear and Windy Valleys ( f i g ,  3) , 

The eastern ridge is only 5 m f l e a  long and trends northeast  

in to  the valley of Foss i l  Creek, - 





In the  northern Fossil  Creek area a smaller ridge 

of volcanic rocks and limestone beds l i e s  t o  the  west of 

the main ridge. The small r idge i s  dissected by a  nurnber 

of deeply incised val leys  ( f i g .  2 ) .  

A s e r i e s  of spur ridges descend t o  the northwest 

from Foss i l  Creek ridge t o  the valley of Beaver Creek. 

The eas t  flank of Foss i l  Creek ridge sloses steeply to- 

wards the narrow val ley f loor  of Fossi l  Creek. 

Several gently sloping ridges descend westward from 

Cache Mountain t o  Fossi l  Creek valley and present a  sharp 

contrast  t o  the  abrupt r i s e  t o  Foss i l  Creek ridge on the 

west. A s e r i e s  of a l t ip lana t ion  terraces I s  present on 

the ridges which descend from Cache Mountain. 

Cache Mountain, elevation 4772 f e e t ,  is the highest 

peak i n  the Fossi l  Creek area. The minimum elevation,  

approximately 1 2 2 0  f e e t ,  occurs i n  the  val ley of Beaver 

Creek where the  creek flows westward out of the  mapped area. 

The maximum r e l i e f  is over 3500 f e e t ,  but the  average r e l i e f  

is about 2000 fee t .  

Draf nage 

The runoff within the mapped area flows e i the r  i n t o  

Fossil  Creek o r  Willow Creek, which a re  t r i b u t a r i e s  of 

Beaver Creek, o r  d i r e c t l y  in to  Beaver Creek from numerous 

short  t r ibu ta ry  streams which drain the  west slopes of 



Fossil  Creek ridge ( f i g .  2 ) .  Beaver Creek flows north- 

ward in to  the Yukon River. 

A l l  of the  streams, including Beaver Creelr, a re  

clearwater streams. None of the  streams in  the  actual  

study area a re  navigable except Beaver Creel-, which can 

be navigated in a small boat. 

Much of the drainage of the  area underlain by lime- 

stone is internal .  During rainstorms the water rapidly 

disappears in to  t a l u s  slopes and reappears a t  the  base of 

the slopes as springs. Most of the  small t r i b u t a r i e s  of 

Fossil  Creek are  intermit tent  and flow only for  a few 

hours a f t e r  a heavy rain. 

Fossi l  Creek, which heads on the north s ide  of Cache 

Mountain, flows southward, p a r a l l e l  t o  Fossi l  Creek ridge,  

u n t i l  it cuts  through the r idge a t  the  southern lLni t  of 

mapping ( f i g .  2 ) .  I t  receives the  run-off from the eas t  

slope of Fossi l  Creek ridge, as  well as from the northern 

and western elopes of Cache Mountain. 

Both Beaver and Foss i l  Creeks have had long and com- 

plex h i s t o r i e s  (Mertie, 1337,  p. 2 7 ) .  Foss i l  Creek prob- 

ably previously flowed through the  wind ga2 t h a t  now 

separates the cen t ra l  Foss i l  Creek ridge area from the  

northern Fossi l  Creek ridge area.  Later it was captured 

by a stream flowing southward t o  Beaver Creek, without 

crossing Fossi l  Creek ridge. S t i l l  l a t e r ,  a small t r i b -  

utary of Beaver Creek, by working headwardly across Fossi l  



Creek r idge ,  captured Fossil Creek and formed its present 

course. A t  one time, the channel of Fossil Creek might 

have been inc ised farther west than at present, along a 

course now marked by possible valley f l o o r  remnants, 

Windy Pass and Bear Pass (fig. 2 ) .  
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GEOLOGIC SETTING 

The rocks t h a t  crop out i n  the Yukon-Tanana region 

range i n  age from Precambrian through Quaternary. Every 

system except the  Jurass ic  is represented by sedimentary 

or  metamorphosed sedimentary rock uni t s ,  including meta- 

sediments and metavolcanics; unaltered volcanic rocks; 

marine shales ,  limestones, che r t s ,  sandstones, and con- 

glomerates; and continental  sandstones, shales ,  conglom- 

erates ,  and coal measures. Devonian, Cretaceous-Jurassic 

and Tert iary intusfves a l so  occur and range in composition 

from ul t rabas ic  t o  ac id ic ,  and in s i ze  from small. dikes 

t o  bathol i ths  ( f i g .  4 )  . 
The Yukon-Tanana uplands region is t o  a large extent  

located on the  Tanana geant ic l ine (Payne, 1955), the broad- 

e s t  of th ree  major geant ic l ines  created during the Early 

Cretaceous orogeny, and t o  a l e s s e r  extent in the  area of 

the  Kuskokwin geosyncline created during the  same orogeny. 

T h e  Tanana geant ic l ine has been traced from t h e  eastern 

pa r t  of the  Kuskokwim region northeaetward t o  cen t ra l  

Alaska and thence eastward i n t o  Canada (fig. 5 ) . 
The Kuskokwh geosyncline is north of t h e  Tanana 

geant ic l ine and roughly p a r a l l e l s  it. The Foss i l  Creek 

axea is between the axes of these two major Mesozoic 

s t ruc tu ra l  features ,  but  is c loser  t o  the  ax i s  of the  

Kuskokwim geosyncline . 
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Figure no. 5 



During the l a t e  Cretaceous and Tert iary orogenies 

local  arches were developed along the axis of the  Kusko- 

k w h  geosyncline resu l t ing  in  removal of much of the  

Mesozoic and Paleozoic sedimentary cover from loca l  areas. 

The presence of one of these axches i n  the  Foss i l  Creek 

area would explain the lack of upper Paleozoic, Mesozoic, 

o r  Ter t iary sediments i n  the  area. Within t he  Fossi l  

Creek area only pre-Middle Ordovician metamorphic rocks, 

Ordovician volcanic rocks, S i lu r i an  carbonate rocks, un- 

consolidated Quaternary sediments, and ac id ic  and bas ic  

intrusives  have been recognized. 



F i ~ u r e  6 ,  Cache Mountain and adjacent  peaks 
as seen from c e n t r a l  F o s s i l  Creelc r idge,  
The broad, >re11 rounded r i d g e s  of  t h e  lo:.rer 
s lopes  a r e  unde r l a in  by pre-:.liddle Ordovician 
ro  cks . 

Tigure 7 ,  A s m a l l  over turned  f o l d  i n  pre-  
Middle Ordovician sequence xhich  crops out  a t  
sou th  end n f  F o s s i l  Creek r i i ~ e  S e t m e n  X n d y  
Vall-ey and F o s s i l  Creek. The f o l d  axis ?lunges ' 

Lo0, rr 6s0 E. 



THE PRE-MIDDLE ORDOVICIAN SEQUENCE 

Mertie (1937, g. 66)  has subdivided t h e  pre-Middle 

Ordovician rocks i n t o  f i v e  l i t h o l o g i c  u n i t s  which a r e  ex- 

posed along a  zone from t h e  nor th  end of t h e  White Mountains 

southeastward t o  Cham2ion Creek. These u n i t s  a r e  genera l ized  

by Mertie as follows: 

A.  S l a t e  and q u a r t z i t e  ( t o p  of s e c t i o n ) .  

B.  Black a r g i l l i t e ,  s l a t e ,  and c h e r t .  

C .  Red and green  s l a t e s ,  quar tzose  sandstone,  and a 

l i t t l e  l imestone. 

D. Quartzose sandstone and g r i t ,  i n  p a r t  f e l d s p a t h i c  

arkose and greywacke, a l l  interbedded with s l a t e .  

E .  P h y l l i t e  and q u a r t z i t e ,  ove r l a in  by somewhat l e s s  

a l t e r e d  q u a r t z i t i c  rocks.  

According t o  Mer t ie ,  t h e  F o s s i l  Creek a r e a  is b ~ r d e r e d  

on t h e  northwest by Unit  A ,  and on t h e  sou theas t  by Unit B. 

Units C ,  D ,  and E occur  success ive ly  t o  t h e  s o u t h e a s t ,  

Resional  d i s t r i b u t i o n  

Pre-Middle Ordovician rocks occur i n  a  n o r t h e a s t  t rend-  

ing b e l t  extending from t h e  T a t a l i n a  River t o  t h e  n o r t h  fork  

of Preacher Creek (Mer t ie ,  1937, p. 6 5 ) .  Rocks rep resen t ing  

a  cont inuat ion  of t h i s  b e l t  c rop  ou t  f u r t h e r  t o  t h e  southwest 

i n  t h e  a r e a  between t h e  Tolovana and Tanana Rivers .  The main 

por t ion  of t h i s  b e l t  i s  over 90 mi les  long and t h e  maximum 



width is approximately 20  mi les  (Mert ie ,  1937, p l a t e  1). 

The White Mountains occur  wi th in  t h i s  n o r t h e a s t  t rending  

b e l t .  

Another b e l t  of pre-Middle Ordovician rocks extends 

eastward from t h e  lower v a l l e y  o f  t h e  Chena River f o r  approx- 

imately 160 m i l e s  i n t o  t h e  For ty  M i l e  region. This b e l t  is 

approximately 30 mi les  wide. 

Local d i s t r i b u t i o n  

The F o s s i l  Creek a r e a  is bounded on both  t h e  northwest 

and s o u t h e a s t  s i d e s  by pre-Middle Ordovician rocks.  Along 

t h e  northwest margin o f  t h e  a r e a  these  u n i t s  form t h e  low 

rounded spurs  r i s i n g  from t h e  v a l l e y  of Beaver Creek towards 

F o s s i l  Creek r idge ,  Along t h e  sou theas t  margin of t h e  a r e a ,  

t h e  pre-Middle Ordovician rocks occur i n  a b e l t  which extends 

,general ly  e a s t  o f ,  and p a r a l l e l  t o  F o s s i l  Creek ( p l .  1. ) . 
Three i s o l a t e d  exposures of  t h e  pre-Middle Ordovician 

rocks a l s o  occur  i n  t h e  area .  The l a r g e s t  of t h e s e  occurs 

t o  t h e  northwest of F o s s i l  Creek r i d g e  and appears  t o  be t h e  

core  of a smal l  a n t i c l i n e .  Another exposure occurs i n  a 

s t r u c t u r a l l y  complex p o r t i o n  of nor thern  F o s s i l  Creek r idge .  

A very smal l  s l i c e  of pre-Middle Ordovician rocks has appar- 

e n t l y  been brought up by a t h r u s t  f a u l t  i n  t h e  southern p a r t  

of t h e  a r e a  ( p l .  1. ) . 
I n  o r d e r  t o  f a c i l i t a t e  t h e  p e t r o l o g i c  d e s c r i p t i o n  of 

t h e  pre-Middle Ordovician rocks they  have been divided i n t o  



four  u n i t s  based on e i t h e r  t h e i r  s t r u c t u r e  o r  geographic 

pos i t ion .  These u n i t s  a r e  a s  fol lows:  

1. Cache Mountain u n i t s  

2. Southern F o s s i l  Creek u n i t s  

3 .  Beaver Creek u n i t s  

4. Cen t ra l  F o s s i l  Creek-Southern Willow Creek u n i t s  

General ly ,  t h e  a r e a s  under la in  by pre-Middle Ordovician 

rocks a r e  topographica l ly  expressed a s  low, rounded r i d g e s  

which a r e  almost completely covered by vege ta t ion  ( f i g .  

6 ) ;  good exposures a r e  r a r e .  Rubble can be picked up i n  

f r o s t  s c a r s  and s t o n e  n e t s ,  however. Outcrops a r e  almost en- 

t i r e l y  r e s t r i c t e d  t o  smal l  Stream v a l l e y s  and t o  t h e  s t e e p  

edges of a l t i p l a n a t i o n  t e r r a c e s .  

S t r a t i q r a p h i c  th ickness  

No r e l i a b l e  e s t i m a t e  of t h e  th ickness  o f  t h e  pre-Middle 

Ordovician rocks can be  made. Basal  u n i t s  have no t  been rec- 

ognized i n  t h e  a r e a ,  and t h e  n a t u r e  of t h e  upper c o n t a c t  with 

t h e  Ordovician F o s s i l  Creek vo lcan ic  rocks i s  obscure. The 

s t r u c t u r e  o f  t h e  pre-Middle Ordovician u n i t s  i s  a l s o  very com- 

p l e x ,  which makes th ickness  e s t ima t ion  a d d i t i o n a l l y  d i f f i c u l t .  

S t r u c t u r e  

The f o l i a t i o n  i n  t h e  pre-Middle Ordovician rneEamorphic 

rocks s t r i k e s  approximately N 60° E ,  and g e n e r a l l y  d i p s  t o  t h e  

southeas t .  Occasional d i p s  t o  t h e  northwest were recorded,  

however. The t r e n d  ranges between N 35' E and N 85O E.  The 



rocks general ly appear,  however, t o  be i soc l ina l ly  folded,  

with axia l  planes dipping t o  t h e  southeast .  

Very f e w  fo lds  were found, and where they occur, the  

plunge va r i e s  considerably ( f i g .  7 )  . 

Cache Mountain un i t s  

The pre-Middle Ordovician rocks which cro? out between 
%,, . 

Foss i l  Creek and Cache Mountain a r e  ch ie f ly  low grade and low- 

e s t  medium grade synkinematically rnetamor~hosed, s l i g h t l y  

a rg i l l aceous ,  quartz r i c h  sediments. Near t he  contact  zone 

of the Cache Mountain i n t ru s ive ,  l a t e  r e c r y s t a l l i z a t i o n  caused 

by s t a t i c  thermal metamorphism tends t o  obscure the earlier 

sch is tose  f a b r i c  i n  favor of a hornfe l s ic  t ex ture .  Minor 

metas i l t s tone and metavolcanic i n t e r ca l a t i ons  a r e  a l s o  

present .  

Because of l i t h o l o g i c  s i m i l a r i t y ,  t h e  small s l i c e  of 

pre-Middle Ordovician rocks brought up along a t h r u s t  plane 

i n  t he  limestone i n  t he  southern p a r t  of t he  area  i s  discussed 

here with the Cache Mountain u n i t s  (fig, 8 ) .  

The Cache Mountah u n i t s  include the  following rock 

Metas i l t s tones  i 

P h y l l i t e s  and p h y l l i t i c  s c h i s t s  
Polymetamorphosed quartz r i c h  p e l i t i c  rocks 
Bioti te-bearing a c t i n o l i t i c  hornblende horn- 

f e l s  



?. r lzu-e 8. An outcron sh0i.ri.n~ a s n ~ a l l  s l i c e  
of pre-1,liddle Ordovician rocks ~ ~ h i c h  have be% 
broughl; un a long  Zaul t  "GIf, The outcrop i s  
l o c a t e d  on t h e  e a s t  s i d e  of F o s c i l  Creek rLdge 
i n  t h e  so .~ theas t e -m p o r t i o n  o f  t h e  area, 

Figure 9, Photonlicro.;raph sh-win1; s l  and s2 
t ransec t ing  r e l a t i o n s h i p s  in nolynleta.*~orphosad 
qxartz r i c h  p e l e t i c  rock (s?eci-rlen no. 4: 01, 5 ) .  
Crossed n i c o l s ,  X 80, 



Metasi1tstones.-- (Specimen no. 1; p l .  5 )  An extreme- 

l y  f i n e  gra ined ,  massive,  dark green m e t a s i l t s t o n e  occurr ing  

on t h e  low end of t h e  mapped r i d g e  r i s i n g  towards Cache Moun- 

t a i n  i s  c h i e f l y  composed of very f i n e  gra ined  c l a s t i c  q u a r t z  

and p l a g i o c l a s e ;  t h e  accessory minera ls  a r e  z i r con ,  tourmaline,  

magnet i te ,  and a p a t i t e .  Some of  t h e  c l a s t i c  p l a g i o c l a s e  

g r a i n s  show r e l i c t  po lysyn the t i c  a l b i t e  twinning, wi th  ext inc-  

t i o n  angles  i n d i c a t i n g  an  approximate composition of s o d i c  
I 

andesine.  A s l i g h t  amount of r e c r y s t a l l i z a t i o n  of  t h e  quar t z  

has  occurred,  i n d i c a t i n g  t h a t  t h e  rock has undergone low grade 

synkinematic metamorphism. 

P h y l l i t e s  and p h y l l i t i c  s c h i s t s  .-- (Specimen nos. 2 

and 3 :  p l .  5 )  The majo r i ty  of t h e  rocks i n  t h e  Cache Moun- 

t a i n  u n i t s  a r e  q u a r t z  r i c h  metamorphic rocks with varying 

amounts of a r g i l l a c e o u s  m a t e r i a l .  These rocks a r e  t y p i c a l l y  

f i n e  t o  medium gra ined  and weather t o  a dark green t o  t a n  col-  

o r .  A f o l i a t i o n  is observable  i n  t h e  more a r g i l l a c e o u s  types .  

Typical  mineralogy inc ludes  c l a s t i c  quar t z  and a  few g r a i n s  

of c l a s t i c  ol igoclase-andesine,  r e c r y s t a l l i z e d  a l b i t e ,  w e l l  

developed muscovite, c h l o r i t e ,  and i n c i p i e n t  b i o t i t e .  Common 

accessory minerals  inc lude  zoned tourmaline,  a p a t i t e ,  and mag- 

n e t i t e .  Zircon and r u t i l e  occur l e s s  commonly a s  accessor i e s .  

The c l a s t i c  g r a i n s  range from l e s s  than  1 mm t o  approx- 

imately 3 mrn i n  diameter  and a r e  genera l ly  w e l l  rounded. 

Occasional ly,  twinning is  preserved i n  t h e  p l a g i o c l a s e ;  more 

commonly it has been o b l i t e r a t e d  by r e c r y s t a l l i z a t i o n .  S e r i -  

c i t e ,  c h l o r i t e ,  some muscovite,  and i n c i p i e n t  b i o t i t e  occur  



i n t e r s t  it i a l i y  ; t h e  p a r a l l e l  alignment of t h e s e  minerals 

de f ines  a w e l l  developed c r y s t a l l i z a t i o n  f o l i a t i o n .  Recry- 

s t a l l i z e d  and sheared c l a s t i c  q u a r t z  a l s o  shows a  f a i r  degree 

of p r e f e r r e d  o r i e n t a t i o n ,  wi th  t h e  c  axes normal t o  t h e  d i rec-  

t i o n  of f o l i a t i o n .  

These rocl;s r e p r e s e n t  t h e  r e c r y s t a l l i z e d  equiva lents  

of hq2ure q u a r t z  r i c h  sediments conta in ing  varying amounts of 

a r g i l l a c e o u s  ma te r i a l .  The s c h i s t o s e  f a b r i c  and t h e  presence 

of t h e  minera l  assemblage, muscovite, c h l o r i t e ,  and i n c i p i e n t  

b i o t i t e  i n d i c a t e s  t h a t  t h e s e  rocks have been subjec ted  t o  syn- 

kinematic metamorphism, of a  grade  t r a n s i t i o n a l  between upper- 

low and lowermost medium grade ( f i g o  10). 

Polvmetamorphosed q u a r t z  r i c h  p e l i t i c  rocks.-- (Specimen 

no. 4 ;  p l .  5 )  The polymetamorphosed q u a r t z  r i c h  p e l i t i c  rocks 

have e s s e n t i a l l y  the same megascopic c h a r a c t e r i s t i c s  and min- 

eralogy as t h e  dynamically r e c r y s t a l l i z e d  q u a r t z  r i c h  a r g i l l a -  

ceous rocks.  They a r e  f i n e  t o  medium gra ined  and weather a 

dark green t o  t a n  c o l o r .  They con ta in  c l a s t i c  q u a r t z ,  some 

c l a s t i c  p l a g i o c l a s e ,  r e c r y s t a l l i z e d  a l b i t e ,  c h l o r i t e ,  muaco- 

v i t e ,  and i n c i p i e n t  b i o t i t e .  Tourmaline, a p a t i t e ,  magnet i te ,  

and r u t i l e  occur  a s  a c c e s s o r i e s .  

I n  a d d i t i o n  t o  an e a r l i e r  c r y s t a l l i z a t i o n  f o l i a t i o n  

defined by p a r a l l e l  o r i e n t e d  muscovite, c h l o r i t e ,  and i n c i p i -  

e n t  b i o t i t e ,  some of t h e s e  rocks show a l a t e n t  t r a n s e c t i n g  

s c h i s t o s i t y  ( a 2 )  def ined  by i n c i p i e n t  s e r i c i t e .  This  s2 t ran-  

s e c t s  t h e  o r i g i n a l  f o l i a t i o n  a t  an  angle  of approximately 35O. 



Superimposed on these  two s planes a r e  t he  e f f e c t s  of a s t i l l  

l a t e r  hornfelsing,  a s  evidenced by randomly oriented muscovite 

and s e r i c i t e  ( f i g .  9 ) .  

These p e l i t i c  rocks have a polymetamorphic h is tory .  

The o r i g i n a l  quartz r i c h  a rg i l l aceous  sediments have been sub- 

jected t o  two periods of synkinematic metamorphism as  wel l  a s  

a l a t e r  s t a t i c  thermal metamorphism. The record of the  e a r l i -  

e s t  dynamic metamorphism.is defined by the  p a r a l l e l  alignment 

of the  muscovite, c h l o r i t e ,  and inc ip i en t  b i o t i t e .  The l a t e r  

s tage  of dynamic metamorphism i s  indicated by t ransect ing s2  

defined by l a t e  s e r i c i t e .  Direct ionless  muscovite and seri- 

c i t e  a r e  r e l a t ed  t o  t h e  s t a t i c  thermal metamorphism produced 

by in t rus ion  of the  Cache Mountain pluton. 

I t  is probable t h a t  a11 of t h e  Cache Mountain pre-Middle 

Ordovician m e t a m o ~ h i c  rocks have a polymetarnorphic his%ory, 

but  t h e  evidence of t h e  e a r l i e s t  synkinematic metamorphism is  

seldom preserved. 

B i o t i t e  bear ins  a c t i n o l i t i c  hornblende hornfe1s.-- 

(Specimen no. 5 ; p l .  5 )  A dark gray, f i n e  grained,  massive 

metavolcanic un i t  occurs near t h e  contact  of t he  Cache Mountain 

in t rus ive .  The rocks i n  t h i s  u n i t  a r e  composed of a c t i n o l i t e ,  

p lagioclase ,  quar tz ,  b io tF te ,  and accessory amounts of a p a t i t e ,  

magnetite and r u t i l e .  Some of t h e  amphibole is  compositional- 

ly c lose r  t o  a c t i n o l i t i c  hornblende than a c t i n o l i t e .  

No r e l i c t  volcanic t ex tu re s  are preserved. The ac i cu l a r  
4 

f i n e  grained a c t i n o l i t e  has formed matted, d i r ec t ion l e s s  aggre- 

gates.  B i o t i t e  c r y s t a l s  a r e  a l s o  randomly or iented ( f i g .  11). 



Figure 10, Photomicrogra~h of p h y l l i t  i c  s c h i s t  
t m n s i t  iona l  bet-..reen upper-llow and lower medium 
grade from the  pre-Middle Ordovician of Cache 
Mountain (specimen no. 3; p l .  5 ) .  Crossed n ico l s ,  
X 80, 

figure 11, Photomicrograph of b i o t i t e  b e a f i g  
act  inolitic-hornblende hornfels  (specimen no. 
5 ;  p l ,  5 )  showing randomly oriented, matted 
a c t i n o l i t e  a g ~ r e g a t e s ,  From th s  pre-Niddle 
Ordovician of Cache Flountain. Crossed n ico l s ,  
X 80, 



Although no r e l i c t  igneous t e x t u r e  remains, t h e  min- 

e r a l o g i c a l  assemblage suggests  t h a t  t h i s  rock was o r i g i n a l l y  

a b a s i c  volcanic .  Subsequent s t a t i c  thermal metamorphism 

assoc ia ted  wi th  t h e  emplacement of t h e  Cache Mountain in t ru -  

s i v e  has  hornfe lsed  t h e  rock. 

Southern F o s s i l  Creek u n i t s  

Two specimens were s t u d i e d  from t h e  v a l l e y  of F o s s i l  

Creek sou th  of t h e  Cache Mountain u n i t s .  Both of t h e s e  were 

picked ua a s  rubble a s  t h e  a r e a  is  almost completely covered. 

Both a r e  low grade dynamically metamorphosed rocks.  The south- 

e r n  F o s s i l  Creek u n i t s  c o n s i s t  of t h e  fol lowing rock types  : 

Greenschis t s  
Impure marbles 

Greenschis t  .-- (Specimen no. 6 ;  p l .  5) The f i n e  grain-  

ed,  dark green ,  g r e e n s c h i s t  shows a d e f i n i t e  f o l i a t i o n  i n  t h e  

hand specimen. Carbonate,  c h l o r i t e  (both pennine and c l i n a -  

c l o r e ) ,  p l a g i o c l a s e ,  q u a r t z  along with d i o p s i d i c  a u g i t e ,  mag- 

n e t i t e  and s t i lpnomelane make up t h e  rock. Accessories  include 

leucoxene and a p a t i t e .  

The rock is g e n e r a l l y  f i n e  gra ined ,  except  f o r  a few 

medium gra ined  r e l i c t  d i o p s i d i c  a u g i t e  and magnet i te  pheno- 

c l a s t s  which have been sheared and s t r e t c h e d  p a r a l l e l  t o  t h e  

f o l i a t i o n .  C h l o r i t e  and s t i lpnomelane have grown around t h e s e  

phenoclasts  p a r a l l e l  t o  t h e  f o l i a t i o n .  A c r y s t a l l i z a t i o n  fo l -  

i a t i o n  is  f a i r l y  w e i l  developed. The carbonate  comprises over 

40 pe r  c e n t  of t h e  rock,  while  t h e  pyroxene and c h l o r i t e  each 



comprise approximately 15 pe r  cen t .  The p l a g i o c l a s e ,  q u a r t z ,  

magnet i te ,  and s t i lpnomelane a r e  minor minera l s ,  and toge the r  

comprise approximately 25 per  cen t .  The a c c e s s o r i e s  make up 

t h e  r e s t  of t h e  rock. 

The rock was o r i g i n a l l y  a b a s i c  vo lcan ic ,  a s  ind ica ted  

by t h e  r e l i c t  minera l  assemblage. Later  low grade synkinema- 

t i c  metamorphism has  produced t h e  f o l i a t i o n  which i s  defined 

by t h e  c h l o r i t e  and s t i lpnomelane,  and has a l s o  sheared and 

deformed t h e  r e l i c t  pyroxene and magnetite.  Much of t h e  car-  

bonate has  probably been added l a t e r  by hydrothermal s o l u t i o n s .  

Impure marbles .-- (Specimen no. 7 ;  p l .  5 )  The impure 

marbles a r e  very f i n e  g ra ined ,  weather t o  a l i g h t  gray c o l o r ,  

and show a d i s t i n c t  f o l i a t i o n .  They a r e  dominantly composed 

of carbonate ,  wi th  minor q u a r t z ,  t r e m o l i t e ,  and opaque carbon- 

aceous ma t t e r .  

Closely spaced s h e a r  p lanes  and t h e  p r e f e r r e d  o r i en ta -  

t i o n  of t h e  t r e m o l i t e  and carbonaceous matter occurr ing  wi th in  

and p a r a l l e l  t o  t h e s e  c l o s e l y  spaced shea r  p lanes  d e f i n e  t h e  

f o l i a t i o n .  The c a l c i t e  has  been r e c r y s t a l l i z e d  and shows we l l  

developed g l i d e  twinning. 

The assemblage carbonate ,  q u a r t z ,  and t r e m o l i t e  i n d i c a t e  

t h a t  r e c r y s t a l l i z a t i o n  occurred under t h e  cond i t ions  of low 

grade synkinematic metamorphism, and t h a t  t h e  pa ren t  rock was 

an impure dolomi t ic  l imestone. 



Beaver Creek u n i t s  

Pre-Middle Ordovician metamorphic rocks a r e  very poorly 

exposed along t h e  west margin of  t h e  mapped a rea .  The rock 

u n i t s  t h a t  do crop o u t  inc lude  t h e  following: 

Q u a r t z i t e s  
Greenschis ts  
Black s l a t e s  

Q u a r t z i t e s .  -- (Specimen no. 8 ; p l .  5 )  The light gray I 

f i n e  g r a i n e d ,  massive q u a r t z i t e s  ( f i g .  1 2 )  t h a t  occur i n  t h e  

Beaver Creek u n i t s  a r e  extremely pure ,  conta in ing  98 t o  99 pe r  

cent  q u a r t z ,  minor s e r i c i t e ,  c h l o r i t e  (penn ine ) ,  and i n c i p i e n t  

b i o t i t e .  Sphene, z i r c o n ,  r u t i l e ,  and opaques occur a s  acces- 

sory minera ls .  

The q u a r t z i t e s  a r e  d i r e c t i o n l e s s .  The quar t z  g r a i n s  a r e  

embayed and f r a c t u r e d ,  however, and show undulatory e x t i n c t i o n  

s o  t h a t  t h e  rock no longer  appears  t o  have a  sedimentary tex- 

t u r e .  Because of t h e i r  monomFneralic c h a r a c t e r ,  t h e s e  quar tz-  

i t e s  do no t  provide r e l i a b l e  assemblages f o r  an accura te  de te r -  

mination of  metamorphic grade ,  b u t  t h e  presence of s e r i c i t e ,  

c h l o r i t e ,  and i n c i p i e n t  b i o t i t e  sugges ts  t h a t  metamorphism w a s  

due t o  temperatures  a s s o c i a t e d  w i t h  t h e  upper p a r t  of t h e  low 

grade zone. 

Greenschists.-- (Specimen no. 9 ;  pl .  5 )  The l i g h t  

green,  dense,  f i n e  g ra ined  g r e e n s c h i s t s  ( f i g .  1 3 )  a r e  composed 

of r e l i c t  anhedra l  d i o p s i d i c  pyroxene phenoclasts  i n  a very 

f i n e  g ra ined  matr ix  of untwinned p l a g i o c l a s e  ( a l b i t e ? ) ,  ep idote ,  

and c h l o r i t e ;  i n  some samples, small q u a n t i t i e s  of very f i n e  



Figilre 12, Pre-Middle Ordovician qua r t z i t e s  which 
croi, out in one of tha Beaver Creek un i t s  (speci- 
men no. 8; p l .  5 ) .  

Figure 13. Pre-?li!Idle Ordovician greenschists  
i.rllich crop out a t  specinten l o c a l i t y  9; p l ,  5 ,  



grained s e r i c i t e ,  quartz, sphene, incipient  b i o t i t e ,  and in-  

c ipient  amshibole . 
These greenschists display a strong fo l i a t ion  which i s  

chiefly produced by the  subparallel  alignment of c h l o r i t e  and, 

when it i s  present,  incipient  b i o t i t e .  

The mineral assemblage albite-epidote-chlorite is de f in -  

i t i v e  of the  greenschist  facies.  These racks have been formed 

by upper low grade synkinematic metamorphism of baeic (andesi- 

t i c  o r  basa l t i c )  volcanic rocks which may have been i n  part 

tuf faceous . 
Slates.-- (Specimen no.10; pl .  5 )  The s l a t e s  i n  the 

Beaver Creek units a r e  very f ine  grained, thinly bedded, black 

i n  color,  and fo l i a t ed  ( f i g .  14) .  No mica was detected. The 

outcrop was intensely fo l ia ted  and contorted. 

The or ig ina l  sediment probably was a f i n e  grained shale. 

Later law grade synkinematic metamorphism produced the  present 

rock. 

The s l a t e s  are anomalously of lowe? ihetamorphic grade 

than the quar tz i tes  and greenschists i n  t h e  Beaver Creek uni ts .  

Central Foss i l  Creek - southern Willow Creek uni t s  

T h i s  un i t  includes the pre-Middle Ordovician rocks which 

crop out along t he  cen t ra l  part of Fossi l  Creek, on the in ter-  

fluve between Foss i l  and Willow Creeks, and i n  the coxe of 

the a n t i c l i n a l  s t ruc tu re  northwest of Fossi l  Creek ridge (p l .  1). 



The units which occur i n  t h i s  area compose a petrologic 

and compositionally heterogeneous sequence. Rock types pre- 

sent  include synkinematically metamorphosed metasediments of 

lower most and upper low grade, and polymetamorphic rocks which 

display hornfels ic  textures  superimposed by s t a t i c  thermal 

metamorphism on the pre-existing synkinematf c fo l ia t ion .  Rock 

types include : 

Carbonate rocks 
Impure chert  
Quar tz i t e  
S l a t e  
Phyl l i te  
Hornfel s 

Carbonate rocks .-- (Specimen nos. U and fa t p l .  5) 

These rocks vary i n  camposition from almost pure carbonate 

rocks t o  quartzose and highly argillaceous carbonate types. 

The carbonate-quartzose carbonate compoeitlonal range is most 

common, however. The carbonate r i c h  members a r e  typical ly  

dark gray and some specimens display a well developed Eolia- 

t ion.  The quartz rich members are dark t o  medium gray, poorly 

bedded very f ine  grained, and are not fol ia ted.  Representative 

types axe composed of f i n e  grained c a l c i t e  and 0 t o  40 per 

cent fine t o  medium graitred, rounded t o  subxounded quartz and 

quar tz i te  fragments. Chlori te (pennine?) is common, and clas- 

t i c  plagioclase,  opaque minerals, incipient  b i o t i t e ,  organic 

material ,  and s e r i c i t e  occur a s  minor consti tuents.  Epidote, 

sphene, amphibole, tourmaline, and ru t  i l e  occur as accessory 

minerals. 

The textures  of the  carbonate rocks a r e  qui te  variable. 



Typical ly  sedimentary cpa r t zose  carbonate  m e m b e r s  have only 

ques t ionable ,  very weakly developed shear  zones and d i s p l a y  

no e f f e c t s  of r e c r y s t a l l i z a t i o n .  Some u n i t s  d isn lay  w e l l  

developed shea r  zones al though t h e  e l a s t i c  g r a i n s  do not  ap- 

pear t o  be r e c r y s t a l l i z e d .  Other u n i t s  a r e  in tense ly  sheared 

marbles d i sp lay ing  c l o s e l y  spaced shea r  p lanes  and e l i ~ t i c a l l y  

trimmed q u a r t z  g r a i n s ,  and i n  some cases ,  r e c r y s t a l l i z e d  quar t z  

g r a i n s .  Generally the  f o l i a t i o n  is produced by c lose ly  spaced 

shea r  p lanes  with c h l o r i t e  o f t e n  developed i n  t h e  shear  zones. 

I n  t h e  marbles,  however, s e r i c i t e  o r  i n c i p i e n t  b i o t i t e  has 

a l s o  developed along t h e  shea r  p lanes ,  and i n  some of t h e s e  

t h e  f o l i a t i o n  may a c t u a l l y  be a c r y s t a l l i z a t i o n  f o l i a t i o n  ra th-  

e r  than  a mechanical f o l i a t i o n .  Much of t h e  c a l c i t e  shows 

wel l  developed g l i d e  twinning. 

These rocks r e p r e s e n t  impure carbonates which were proba- 

b l y  depos i t ed  i n  a marine environment and l a t e r  subjec ted  t o  

p e n e t r a t i v e  deformation which produced shear ing  and poss ib ly  

some low grade synkinematic metamorphism, as ind ica ted  by t h e  

f o l i a t i o n  and t h e  mineral  assemblage. The varying degrees of 

deformation and metamorphism seen  i n  t h e s e  sediments may be due 

t o  the  d i f f e r e n c e  i n  competence o f  t h e  various paren t  rock 

types  of t h e  c e n t r a l  F o s s i l  Creek-southern W i l l o w  Creek u n i t s .  

Impure c h e r t  .-- (Specimen no. 13; p l .  5 )  The dark  gray 

t o  b lack ,  s l i g h t l y  ca lcareous ,  banded c h e r t s  ( f i g .  15)  which 

a2pear s c a t t e r e d  throughout t h e  u n i t  a r e  composed p r imar i ly  

of q u a r t z  and chalcedony, and o f t e n  conta in  abundant organic  



Figure l k ,  Fine grained, %hinly  bedded, black 
s l a t e  (specimen no, 10; p l ,  5 )  from the  pre- 
Middle Ordovician of t he  Beaver Creek araa, 

Figure 15. L~ye red  impure cher t  i n  t h e  pre- 
Middle Ordovician centra l  Fos s i l  Creek - southern 
-3iillow Creek un i t ,  which crops out a t  specimen 
l o c a l i t y  12 .  



material.  Calci te ,  s e r i c i t e ,  and chlor i te  a l s o  occur in 

minor amounts. 

The cher ts  a r e  extremely f i n e  grained and often display 

compositional layering due t o  differences i n  carbonaceous 

content. Some of the  cher ts  show no e f fec t s  of deformation, 

but  others display a poorly developed f o l i a t i o n  as a r e s u l t  

of sub-parallel alignment of very f ine  grained s e r i c i t e  and 

ch lo r i t e .  

Due t o  poor exposures of the  chert  un i t s  it i s  d i f f i c u l t  

t o  determine t h e i r  or ig in ,  A t  some t h e  a f t e r  they were de- 

posited some uni t s  were s l i g h t l y  recrystal l ized.  

Impure quartzite.-- (Specimen no. 14; p l .  5 )  These 

dark greenish gray, fine-grained micaceous quar tz i tes  a r e  

typica l ly  composed of very f i n e  grained, subrounded quartz 

grains and variable amounts of c l a s t i c  plagioclase ( ca lc i c  

o l igoc lase) ,  muscovite, organic matter,  and incipient  secon- 

dary b i o t i t e ,  Opaque mlnerals and tourmaline a r e  common ac- 

cessory minerals. 

Rel ic t  bedding i s  present i n  some of these quar tz i tes  

and t h e  quartz grains of ten do not appear t o  have been much 

recrystal l ized.  The f o l i a t i o n  of some of t h e  quar tz i tes  is 

defined by poorly developed shear zones which appear t o  be the 

r e s u l t  of shearing without r ec rys ta l l i za t ion ;  other un i t s  dis-  

play well developed c r y s t a l l i z a t i o n  fo l i a t ion  defined by the  

p a r a l l e l  alignment of s e r i c i t e  and incipient  b i o t i t e .  



The mineral assemblage and textures of these xocks indi- 

cate  t h a t  they were or ig ina l ly  deposited i n  a marine environ- 

ment a s  argil laceous quartzose sandstones and subarkoses. Later 

they were subjected t o  low grade synkinematic metamorphism. 

P h ~ l l i t i c  slate.-- (Specimen no. 15 ; p l .  5 )  The black, 

dark gray, and green s l a t e s  which occur a t  t h i s  loca l i ty  a r e  

generally s i l iceous ( f i g .  1 6 ) .  Thgr a re  composed of extremely 

fine grained quartz, plagioclase ( a l b i t e ) ,  s e r i c i t e ,  ch lo r i t e ,  

and organic matter. Incipient  b i o t i t e  ( ? )  i s  a l so  occasion- 

a l ly  present.  

The di rec t iona l  fabr ic  of some of these rocks is  produced 

by closely spaced shear planes, and very l i t t l e  recrystal l iza-  

t i o n  appears t o  have taken place. Other specimens display 

well developed c rys ta l l i za t ion  fo l ia t ions  produced by subparal- 

l e l  alignment of c h l o r i t e ,  s e r i c i t e ,  and incipient  b i o t i t e .  

Late ve in le t s  of quartz crosscut the  fo l ia t ion .  Often a mylon- 

i t i c  zone has developed along the  contacts between these l a t e  

quartz ve in le t s  and the  surrounding s l a t e .  

The rocks included in  t h i s  un i t  undement deformation 

which produced shearing without recrys ta l l iza t ion  as well as 

low grade synkinematic metamorphism. The mechanically sheared 

rocks, might b e t t e r  be referred t o  as  sheared argillaceous 

xocks r a the r  than s l a t e s ,  but  have been included i n  t h i s  un i t  

a s  there seems t o  be a complete gradation between the  t w o  end 

members. 

Phy1lite.-- (Specimen no. 16; p l .  5 )  The gray green 

p h y l l i t i c  members of the  sequence are composed of very f i ne  



Figure  16, P h y l i i t i c  s l a t e  j-n ths prs-',lidil.e 
Ordo-ician c e n t r a l  F o s s i l  Crsek - southern  
W i l !  ow Cree!: unit, which crops out  a t  s ~ e c i m e n  
l o c a l i t y  14, 
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gra ined  p lag ioc lase ,  s e r i c i t e ,  ep idote ,  and i n c i p i e n t  b i o t i t e  

(poss ib ly  s t i l p o m e l a n e )  , which is confined t o  t h e  shea r  

p lanes .  Magnetite and g r a p h i t i c  ma te r i a l  a r e  a l s o  p r e s e n t  i n  

accessory q u a n t i t i e s .  

The p h y l l i t e s  d i sp lay  a w e l l  developed c r y s t a l l i z a t i o n  

f o l i a t i o n  produced by p a r a l l e l  alignment of se r ic i te  and t h e  

development of i n c i p i e n t  b i o t i t e  ( ? )  i n  t h e  shear  zones. Sub- 

i s o c l i n a l  shear  f o l d s  a r e  a l s o  p resen t .  

These rocks were formed by upper low grade synkinematic 

metamorphism of a r g i l l a c e o u s  rocks.  

Hornfelsed sediments .-- (Specimen no. 17 ;  p l .  5 )  A 

number of small  b a s i c  d ikes  i n t r u d e  t h e  metamorphic u n i t s  of 

t h e  c e n t r a l  F o s s i l  Creek - southern  Willow Creek u n i t s .  These 

i n t r u s i v e s  have superimposed s t a t i c  thermal metamorphic e f f e c t s  

on t h e  pre-exis t ing  synkinematic f o l i a t i o n .  The mineralogy of 

t h e s e  g ray ,  massive hornfe lsed  rucks i s  very s i m i l a r  t o  t h a t  

of the dynamically metamorphosed a r g i l l a c e o u s  roclcs which t h e  

d ike  i n t r u d e .  They a r e  dominantly composed of p l a g i o c l a s e  

( a l b i t e ) ,  s e r i c i t e ,  and g r a p h i t i c  m a t e r i a l s ,  and t r a c e s  of epi- 

dote ,  amphibole, and z i rcon.  I n  a d d i t i o n  t o  t h e  hornfe lsed  

a r g i l l a c e o u s  rocks observed near  t h e  con tac t  of b a s i c  d i k e s ,  

a t  l e a s t  one micaceous q u a r t z i t e  appears t o  have developed 

l a t e  s t a t i c  muscovite and b i o t i t e .  

Hornfe ls ic  t e x t u r e s  a r e  def ined  by randomly o r i e n t e d  

s e r i c i t e ,  muscovite, and b i o t i t e .  The micaceous q u a r t z i t e s  

s t i l l  r e t a i n  t h e i r  c r y s t a l l i z a t i o n  f o l i a t i o n  which i s  ou t l ined  



by or iented s e r i c i t e  and incir>ient b i o t i t e .  The l a t e  s t a t i c  

r e c r y s t a l l i z a t i o n  is indicated by randomly oriented muscovite 

and b i o t i t e  which tend t o  o b l i t e r a t e  the  e a r l i e r  s ch i s to s i t y .  

The polymetamorphic h i s to ry  of the  rocks is due t o  l a t e  

contact  metamorphism r e l a t e d  t o  t he  in t rus ion  cb the  small 

bas ic  dikes a s  superimposed on an e a r l i e r  synkinemat ic  Eolia- 

t i on .  .,, . 

A q e  and cor re la t ion  

The only f o s s i l s  found i n  t h e  pre-Middle Ordovician se- 

quence were co l lec ted  by Blackwelder i n  1915. These w e r e  

found i n  t h e  upper por t ion of u n i t  B ,  along Willow Creek, and 

have been dated as e i t h e r  Early Ordovician o r  Late Cambrian 

h age (Mertie,  1937, p. 7 3 ) .  Mertie suggested t h a t  u n i t  B 

was Lower Ordovician, and that t h e  overlying u n i t  A was e i t h e r  

Lower Ordovician, o r  lower Middle Ordovician. H e  a l s o  suggest- 

ed the  presence of an unconfornity between u n i t s  B. and C, and 

t h a t  u n i t s  C, D ,  and E w e r e  Precambrian and corxela t lve  with 

the  lower por t ion of t h e  Tindir  group (Mertie,  1937, p. 75 ) .  

Because u n i t s  A ,  B ,  C ,  D, and E w e r e  not  described i n  

d e t a i l  by Mertie, the wr i t e r s  were unable t o  c o r r e l a t e  these  

un i t s  with the pre-Middle Ordovician rocks i n  the  Foss i l  Creek 

area.  

Dutro (1959)  da tes  these  same pre-Middle Ordovician un i t s  

as possibly being Early Ordovician and Late and Middle Carrt- 

b r ian .  These a r e  then possibly underlain by Upper Precambrian 

rocks. 



Metamorphic anomalies 

The metamorphic grade of some pre-Middle Ordovician 

rock types is anomalously low when compared t o  the  somewhat 

higher metamorphic grade of o ther  types i n  the sequence. The 

metas i l t s tone  (page25 ) on the  f l ank  of Cache Mountain and 

the s l a t e  (page31 ) i n  t h e  Beaver Creek area  a r e  of lower 

grade than the  adjacent  p h y l l i t e s ,  p h y l l f t i c  s c h i s t s  and green- 

s ch i s t s .  F ie ld  re la t ionsh ips  a r e  concealed by extensive cover 

and the  cause of these  anomalies is  uncertain. Possible ex- 

planations include infolding,  f au l t i ng  , l oca l  up grading due 

t o  migmatization o r  l o c a l  highs i n  the isothermal pa t t e rn  dur- 

ing metamorphism. 



ORDOVICIAN FOSSIL CREEK VOLCANICS 

The name "Foss i l  Creek Volcanics" was applied t o  t h i s  

u n i t  by Mertie (1937, p. 81) for exposures i n  t h e  v i c i n i t y  of 

Fos s i l  Creek. Pr indle  (1913, p.  37) previously grouyed t h i s  

u n i t  w i t h  t h e  pre-Middle Ordovician rocks, and c a l l e d  t h e  en- 

t i r e  group t h e  Ta ta l ina  group, questionably dated as O r d w i -  

c i an  i n  age. 

No attempt has been made here  t o  s t r a t i g r a p h i c a l l y  sub- 

divide  the u n i t .  Layering is obscure and therefore the s t ruc -  

t u r a l  r e l a t i onsh ip s  wi th in  t h e  sequence a r e  no t  wel l  understood. 

While the u n i t  is l a rge ly  volcanic ,  r a r e  conglomeratic and 

q u a r t z i t i c  sandstone u n i t s  do occur. 

Resional d i s t r i b u t i o n  

T h e  F o s s i l  Creek Volcanics appear t o  be  r e s t r i c t e d  t o  

t h e  White Mountains. They occur i n  a narrow b e l t ,  wi th in  and 

p a r a l l e l  t o  t h e  reg iona l  t r end  of t h e  pre-Middle Ordovician 

rocks. The major por t ion  of t h i s  b e l t  s t r e t c h e s  approximately 

25 miles southwestward from Willow Creek t o  Beaver Creek, near  
I t h e  b i g  bend of Beaver Creek. This  b e l t  is never more than 

5 miles wide. A few discontinuous occurrences of t h e  Fossil. 

Creek Volcanics crop out  southwest of t h i s  main b e l t  (Mertie,  

1937 ,  p l .  1) ( f i g .  4 ) .  



Local d is t r ibut ion  

The Fossi l  Creek Volcanics crop out i n  two main b e l t s  

i n  the White Mountahs: the west marginal b e l t ,  and the cen- 

tral.  b e l t  ( p l .  1). The west marginal b e l t  l i e s  adjacent t o  

the  western limestone ridge. The cent ra l  volcanic b e l t  nearly 

everywhere separates the two main l h e s t o n e  ridges. Towards 

the south, the  cen t ra l  b e l t  th ins  and disappears, and then re- 

appears i n  the  extreme southern portion of the  area. T o  the 

north, the outcrop pat tern of the  volcanics widens, joining 

the western marginal belt and extends around the northern end 

of the eastern limestone ridge ( p l .  1). 

S t r a t i q r a ~ h i c  thickness 

Due t o  the  massive character of the volcanics, a t t i t udes  

were not obtained, and the true thickness must be estimated. 

Mertie (1937, p. 84)  estimates 2000 f e e t  as a minimum thickness 

fo r  the volcanic unit. Generalized structure sections i n  t h i s  

report  (p l .  1) indicates t h a t  t h i s  is  probably the correct  or- 

der of magnitude. Fault  contacts,  however, make estimation . I ,  

d i f f i c u l t .  

T h e  Foss i l  Creek Volcanics include a var ie ty  of sedimen- 

ta ry ,  pyroclast ic ,  and flow rocks. Altered pyroxene andesites 

predominate, although a l te red  tuffaceous conglomerates are 

nearly as abundant i n  the north half  of the  area.  Locally, 



a l te red  tuffaceous agglomerates occur and a quartzose sand- 

stone u n i t  was a l so  mapped a t  two locations. Near f a u l t  

contacts,  t he  volcanics a re  often highly sheared and d i s t inc t -  

l y  fo l ia ted .  The volcanic uni t s  are commonly severely a l te red  

by hydrothermal action.  The F o s s i l  Creek Volcanic sequence 

contains the  following rock types : 

Altered pyroxene andesftes 
Quartzose sandstone 
Altered tuffaceous conglomerates 
Altered tuffaceous agglomerates 

c Flow rocks 

Altered pvroxene andesites .-- (Specimen no. 18; p l .  5 )  

The a l te red  pyroxene andesites typical ly  display a f ine  grain- 

ed ground miss containing subhedral phenocrysts. I n  outcrop 

the  rocks a r e  dark green, dense and massive ( f i g .  17  and 18). 

The a l te red  pyroxene andesites a re  cam2osed of subhedral 

phenocrysts of aug i t i c  pyroxene and oligoclase-andesine, in- 

bedded i n  a very fine grained matrix of euhedral oligoclase- 

andesine microli tes and anhedral pyroxene grains. Calci te ,  

ch lo r i t e ,  quartz, cl inozosi te ,  p i s t a c i t e ,  and a l te red  volcanic 

glass  a l s o  occur a s  minor constftuents. Accessory amounts of 

s e r f c i t e ,  prehnite, leucoxene, magnetite, zircon, pyr i t e  and 

iddingsite a l so  occur. Spherul i t ic  aggregates of pumpellyite 

and ves ic les  f i l l e d  with plagioclase ( a l b i t e ? )  , c a l c i t e ,  chlor- 

i t e  and zeol i tes  a l s o  occur. 

A l l  of the pyroxene andesites display the  e f fec t s  of 

hydrothermal a l t e ra t ion  t o  some extent. The degree of a l t e ra t ion  



Figure 17, Alt,ered Fyroxene andesi tes  ~ h F c h  
crop out i n  t he  c e n t r a l  volcanic  b e l t  i n  t he  
south c e n t r a l  port ion of t h e  area, ve s t  of 
Foss i l  Creek, 

Figure 18, Altered pyroxene andesi tes  :,rhich cro? 
out  i n  thz  >rest n~a rg ina l  b e l t  i n  the  southvestern 
por t ion of t he  mapped area,  be tmen  Beaver Creek 
and Fossil. Creek rtdge, 



varies  from minor amounts of s e r i c i t e  and incipient  ch lo r i t e  

along the  twin planes of plagioclase t o  r a re  exam2les of 

tvholesale saussur i t izat ion of plagioclase by prehnite and/or 

ca lc i t e .  

Alteration of the  plagioclase has produced f ree  c a l c i t e ,  

prehnite,  and cl inozosi te .  Commonly more c a l c i t e  is present 

than t h a t  which could have been derived from the decalcif ica- 

t ion  of plagioclase. Carbonate is commonly present i n  the  

matrlx as  well as i n  and around plagioclase phenocrysts. Oc- 

casionally phenocrysts and microl i tes  have been cmple te ly  

replaced by pseudomorphous aggregates of ca lc i t e .  Prehnite 

is l e s s  common than c a l c i t e  although occasionally it m a y  be 

more abundant. Clinozoslte a l s o  occurs as  a plagioclase de- 

ca lc i f i ca t ion  by?roduct, although p i s t a c i t e  is the more common 

epidote mineral. 

Se r i c i t i za t ion  of plagioclase grains is  largely inci- 

pient ,  and i s  commonly re s t r i c t ed  t o  the compositional planes 

of polysynthetic twins of both phenocrysts and microli tes , 

A considerable:-amount of ch lo r i t e  has also formed from 

the mutual a l t e ra t ion  of pyroxene and plagioclase. Evidently, 

magnesium has been contributed t o  the reaction by adjacent 

pyroxene. ' Fine grained ac icu lar  aggregates of ch lo r i t e  com- 

monly occur a s  ves ic le  f i l l i n g s  although such aggregates a r e  

a l so  d is t r ibuted  randomly throughout the  matrix. 

Volcanic glass  is often present,  and it has been a l te red  

t o  a semi-opaque, turbid,  dark brown mineraloid. Some of t h i s  

material  appears t o  be palagonlt ic.  



The pyroxene seems t o  have been more r e s i s t a n t  t o  hydro- 

thermal a l t e r a t i o n .  The phenocrysts a s  we l l  a s  smaller  g ra ins  

i n  t h e  matr ix  a r e  r e l a t i v e l y  una l t e red .  

The a l t e r e d  pyroxene a n d e s i t e s  a r e  t y p i c a l l y  p o r p h y r i t i c ,  

with medium grained pyroxene and p l a g i o c l a s e  phenocryats im- 

bedded i n  a  very f i n e  gra ined  ground mass. The phenocrysts 

genera l ly  range up t o  4 o r  5 mm i n  diameter and are  usua l ly  

subhedral.  Euhedral phenocrysts do occur however. F i l l e d  

v e s i c l e s  a r e  a l s o  common. The m a t r h  i s  o f t e n  so f i n e  grained 

t h a t  ind iv idua l  g r a i n s  a r e  i n d i s t i n g u i s h a b l e  even under t h e  

microscope. Volcanic g l a s s  and minera lo ida l  material a r e  

common i n  the matr ix .  Fine gra ined  euhedral  p lag ioc lase  micro- 

l i t e s  and anhedral  pyroxene g r a i n s  cons r i se  most of the  matr ix .  

I n  many specimens t h e  m i c r o l i t i c  ground mass shows flow struc- 

t u r e .  

Shearing along f a u l t  c o n t a c t s  has  l o c a l l y  produced green- 

s c h i s t s  from t h e  a l t e r e d  pyroxene andes i t e s .  An i n c i p i e n t  

f o l i a t i o n  and accompanying effects of r e c r y s t a l l i z a t i o n  which 

disappear  away from t h e  con tac t  a r e  p r e s e n t  a t  a number of 

l o c a l i t i e s .  Some a l b i t e  has  r e t r o g r e s s i v e l y  r e c r y s t a l l i z e d  

from t h e  p l a g i o c l a s e  phenocrysts .  Pyroxene phenoclasts  have 

been sheared ,  f r a c t u r e d  and s t r e t c h e d  out  p a r a l l e l  t o  t h e  

f o l i a t i o n .  The f o l i a t i o n  is often v i s i b l e  i n  t h e  outcrop a s  

we l l  as  i n  t h i n  s e c t i o n .  S i m i l a r  s t r u c t u r e s  a r e  p r e s e n t  i n  

o t h e r  Fcs s i l  Creek Volcanic u n i t s  near  f a u l t  con tac t s .  



The presence of vesic les  and the t rachyt ic  textures 

c lear ly  indicate t h a t  these rocks originated as volcanic 

flows. The or ig ina l  bas ic  melt began t o  cool slowly, as 

indicated by the plagioclase and pyroxene phenocrysts . Upon 

extrusion, however, t h e  cooling was much more rapid as indi- 

cated by the extremely f ine  grained glassy matrix. 

After consolidation, these volcanic rocks have under- 

gone a period of hydrothermal a l t e ra t ion  which has a l te red  

the plagioclase phenocxysts and more ra re ly  the  minerals can- 

posing the matrix. Glass has been somewhat a l te red  and devi- 

tx i f i ed .  In  some cases considerable c a l c i t e  has been deposited 

by hydrothermal solut ions .  Pyroxene grains ,  however, are re- 

la t ive ly  unaltered. 

The evidence is inconclusive as to w'hether these flows 

were marine o r  continental .  No pillow s t ruc tures  were seen 

in the f i e l d .  The volcanic conglomerates contain pebbles which 

a r e  def in i te ly  water rounded. This rounding could represent a 

f l u v i a l  a s  well as marine environment. 

Sedimentary rocks 

4 

Quartzoae sandstone .-- (Specimen nos. 19 and 20; p l .  5 )  

One quartzose sandstone interbed was found within the Fossi l  

Creek volcanic rocks. This was found i n  both the northern and 

southern portions of the  area. N o  estimates of thickness 

could be made. 

These rocks a r e  dark green i n  outcrop, medium grained, 

and very dense and hard. They consis t  ch ief ly  of e l a s t i c  quartz 



and minor plagioclase grains cemented by i n t e r s t i t i a l  ca lc i t e .  

Infrequent c l a s t i c  qua r t z i t e  fragmants a re  a l s o  present.  Con- 

siderable ch lor i te  a l s o  occurs i n t e r s t i t i a l l y .  Accessory 

amounts of s e r i c i t e ,  epidote, zircon, a p a t i t e ,  leucoxene and 

magnetite a r e  a l so  present.  

The s i z e  d is t r ibut ion  of c l a s t i c  quartz grains is bimodal. 

The larger  quartz grains a re  well  rounded and coarse grained, 

ranging from approximately 1 t o  2 rnm in  diameter. The smaller 

quartz grains a re  sub-rounded t o  rounded and are medium grain- 

ed, averaging approximately .5 mm i n  diameter. The c l a s t i c  

plagioclase shows polysynthetic a l b i t e  twinning and has a 

composition of a2proximately Anl0. The plagioclase grains 

seem t o  be associated with the f ine r  grained quartz. The 

grains seem t o  be f a i r l y  well sorted.  

. Pyroclast i c  rocks 

Altered tuffaceous conslomerates .-- (specimen no. 2 1  t p l  

The a l t e red  tuffaceous conglomerates a r e  composed predom- 

inantly of a l te red  pyroxene andesite clastic fragments and, 

lesser  quant i t ies  of quartz grains  and quar t z i t e  fragments 

surrounded by an a l t e red  f ine  grained tuffaceous pyroxene an- 

des i t e  groundmass. The a l t e red  pyroxene andesite fragments 

and the  ground mass^ have approximately the sane composition. 

They a r e  composed of subhedral augi t ic  pyroxene and plagioclase 

phenocrysts in  a very f ine  grained matrix of plagioclase 

(calcic ,oligoclase) rnicrolites, anhedral a u g i t i c  pyroxene 



gra ins ,  c h l o r i t e ,  and var iab le  quan t i t i e s  of c a l c i t e ,  epidote,  

quar tz ,  and palagonite .  Prehnite ,  s e r i c i t e ,  leucoxene, sphene, 

opaque minerals,  and t r aces  of amphibole occur a s  a l t e r a t i o n  

products and accessor ies .  

The hydrothermal a l t e r a t i o n  of these  rocks is the  same 

a s  t h a t  described under a l t e r e d  pyroxene andesi tes .  

The c l a s t i c  fragments a r e  general ly subrounded t o  sub- 

angular and range i n  s i z e  from twelve inch boulders t o  very 

f i n e  grained sand. The average gra in  s i z e  va r i e s  considerably 

from one l o c a l i t y  t o  the  next. Generally, t he  matrix of the  

conglomerates i s  a mixture of tuffaceous and sand s ized  c l a s t i c  

mater ia l .  Par t ly ,  however, subrounded c l a s t i c  fragment0 occur 

i n  what is primari ly a flow rock which disglays  a well  develop- 

ed t r achy t i c  texture .  

Although the  fragmental mate r ia l  i n  t h i s  u n i t  appeara t o  

be  water worn, it i s  d i f f i c u l t  t o  conclude whether deposi t ion 

took place  i n  a marine o r  con t inen ta l  environment. 

Altered tu f  faceous asslomerates .-- (Specimen no. 22 ; pl. 

5 )  The a l t e r e d  tuffaceous agglomerates a r e  composed of sub- 

angular volcanic fragments surrounded by a tuffaceous matrix. 

The fragments have an average diameter of 3 cm and a mineralogi- 

c a l  composition which is gross ly  s imi la r  t o  t h a t  described for 

the  a l t e r e d  pyroxene andesi tes .  Qroxene and a l t e r e d  plagio- 

c l a se  phenoczysts a r e  Imbedded i n  a very f i n e  grained matrix 

of p lagioclase  mic ro l i t e s ,  pyroxene gra ins  and a l t e r e d  glass .  

Accessory amounts of epidote ,  sphene, s e r i c i t e ,  magnetite and 



amphibole a l s o  occur. The plagioclase  has been a l t e r e d  t o  

s e r i c i t e  and c h l o r i t e ,  and considerable c h l o r i t e  occurs i n  

the  matrix. 

The tuffaceous groundmass surrounding these  fragments 

, cons i s t s  l a rge ly  of p lagioclase  micro l i t es  and c h l o r i t e .  D i s -  

t i n c t  c r y s t a l s  a r e  r a r e .  Smaller fragments, broken off £row 

the  l a rge r  ones, occur i n  the  matrix and appear t o  be p a r t l y  

absorbed by the  matrix.  Al te ra t ion  has been considerably more 

intense i n  the  matrix than i n  t h e  fragments. 

The fragments are evidently pyroc las t i c ,  and have been 

surrounded by the  tuffaceous mater ia l .  Later  hydrothermal 

ac t ion  has produced the a l t e r a t i o n .  

Aqe and co r r e l a t i on  

The Foss i l  Creek Volcanics have been dated a s  Middle 

Ordovician on t h e  basis of faunal  assemblages co l lec ted  by 

Stone, Pr indle ,  Johnson and Blacknelder (Mertie, 1937, p. 84) .  

Edwin Kirk, who i d e n t i f i e d  t he  f o s s i l s ,  o r ig ina l ly  considered 

them t o  be upper Ordovician (~ichmond) i n  age (Mertie, 1937, 

p. 85) .  Upon l a t e r  study, however, he decided that they were 

bes t  assigned t o  t h e  Middle Ordovician (~ohawhian) and correla-  

t i v e  with s imi l a r  assemblages found by Kindle along the  Porcu- 

pine River and by Mertie near the  i n t e rna t iona l  boundary 

(Mertie, 1937, p. 85 ) .  

The f o s s i l  l o c a l i t i e s  l i s t e d  by Mertie (1937, p. 84) could 

not be re located by t h e  w r i t e r s .  The assemblage co l lec ted  



from the  Fossil Creek Volcanics came from t h e  uppermost u n i t ,  

which has been described as a reddish, tuffaceous limestone 

(Mertie, 1937 , p. 82) . This u n i t  was no t  knowingly encounter- 

ed by the  wr i t e r s ,  nor were any fossils found within t h e  

Foss i l  Creek Volcanics . 
N o  o ther  Ordovician volcanics have been recognized i n  

i n t e r i o r  Alaska. Dutro (1959) co r r e l a t e s  t h e  Foss i l  Creek 

Volcanics with Middle Ordovician limestone and s l a t e  i n  the  

Alaska Range, limestone from t h e  Porcupine River, and a s l a t e -  

chext and carbonate sequence from the Eagle-Circle area. 



SILURIAN TOLOVANA LIMESTONE 

The name "Tolovanna limestonett was applied by Mertie 

(1937, p. 86) t o  the  exposure of Middle S i lur ian  ( ~ i a g a r a n )  

limestone which crops out In the  Tolovana valley about 50 

miles ~ o u t h  of the  Foss i l  Creek area. 

Reqional d is t r ibut ion  

The Tolovana limestone crops out intermittantly along 

a northeast trending belt 90 miles long and 2 t o  5 miles 

wide; the  b e l t  extends from near the Tanana River northeast- 

ward t o  the  northern Foss i l  Creek area ( f i g .  4 ) ,  but accord- 

ing t o  Mertie (1937, p. 86) it is best  exposed i n  the White 

Mountains. It  is present f a r the r  southwest between the 

Tatalina and Tolovana Rivers and s t i l l  fa r ther  southwest Ft 

reappears i n  the low h i l l s  west of the  Tolovana embayment. 

Local d i s t r ibu t ion  

The Tolovana limestone is bes t  exposed along the high- 

est ridges i n  the Foss i l  Creek area. It i s  the  most r e s i s t -  

an t  un i t  to weathering i n  the  a rea ,  and consequently produces 

the rugged c res t l ines  ( f i g .  2 )  of the  two main northeast trend- 

ing ridges which form the  major topographic features of the  

Fossi l  Creek area. 

The i r regular  and discontinuous outcrop pat tern of the  

limestone is chiefly due t o  extensive fault ing.  I n  the  southern 



par t  of the  Fossi l  Creek axea t h e  Tolovana limestone crops 

out i n  a broad b e l t  which includes the two main ridges and 

the  saddle between them. This b e l t  b i furcates  t o  the north- 

eas t  and the  outcrop pa t te rn  p a r a l l e l s  the  trend of each 

ridge. The west limestone ridge d ies  out t o  the north, and 

north of the  wind gap which cuts  acxoss the cen t ra l  part  of 

the  Foss i l  Creek area the outcrop pattern of t h e  limestone 

is discontinuous. The limestone crops out only a s  f a u l t  

s l i c e s  on the  tops of three small knobs i n  t h i s  area. 

The limestone b e l t  which crops out as the  eas t  ridge 

disappears in to  Foss i l  Creek val ley i n  the  cent ra l  pa r t  of 

the  area. Field evidence indicates  tha t  the  Ordovician 

metamorphic rocks have been thrust-faulted over it. It ap- 
I 

pears f a r the r  north, and north of the  wind gap it is  topo- 

graphically expressed as another prominant northeast-trending 

ridge. Along the  northeast  s ide  of t h i s  ridge a smaller spur 

ridge of limestone trends northeastward away from the  main 

ridge. A number of small limestone blocks occur northeast 

of t h i s  spur on the  same trend. Mertie explains t h i s  spur 

of limestone as the  r e s u l t  of infolding with the  Ordovician 

volcanic beds (1937, p. 87-88). The wri ters ,  however, believe 

t h a t  t h i s  outcrop pa t te rn  is the  r e s u l t  of t h r u s t  fau l t ing  

and t h a t  the  limestone blocks a r e  klippen. 

Stra t israuhy 

The base of the  Tolovana limestone i s  not exposed i n  

the Foss i l  Creek area. The lower contact,  t h a t  between the  



limestone and the  Foss i l  Creek volcanics,  is i n  ever-- case 

a f a u l t  contact .  These fau l ted  contacts  a r e  r a r e ly  exposed 

a s  they are  general ly covered with t a l u s  and/or frost r ived 

rubble. 

The limestone i s  vegeta t ion f r e e  and general ly w e l l  ex- 

posed, p a r t i c u l a r l y  along r idge c r e s t s .  Sizeable rubble- 

covered in t e rva l s  do occur,  however. 

The color  of the Tolovana l ines tone nornally ranges Prom- 

t a n  to blue-black on a f resh ly  f rac tured  surface .  Weathering 

and accompanying leaching weather t h e  limestone t o  an off- 

white co lor .  Occaseional ?ink horizons pigmented by i ron  

oxide a l s o  occur. Megaacopically, t he  limestone appears to 

be very f i n e  grained c r y s t a l l i n e ,  dense, and very pure. Rare 

zones conta in  vuggy or cavernous porosi ty ,  bu t  it is bel ieved 

t h a t  these  a re  ch i e f ly  surface  phenomena r e su l t i ng  from recent  

groundwater solut ion.  Beds i n  t h e  limestone general ly range 

from 2 t o  20 f e e t  i n  thickness ( f i g .  1 9 ) ,  b u t  some beds are  
' I  . 

more massive. Because t h i s  formation is  ch i e f ly  composed of 

carbonates which axe very s imi l a r  t o  one another i n  outcrop, 

it has not  yet been poss ib le  to d i f f e r e n t i a t e  the  Tolovana 

limestone into smaller u n i t s  i n  t h e  f i e l d .  The occasional 

pink horizons do not have enough l a t e r a l  cont inui ty  t o  be 

used as marker beds. 

Microscopi ca l ly  , t h e  Tolovana limestone shows a number 

of t e x t u r a l  d e t a i l s .  The  lower p a r t  of t h e  limestone sequence 

is composed of very fine grained dusty looking carbonate t h a t  



Figure 19, Massive beds of Tolovana limestone 
r.rhich d ip  700 t o  the  SE, These beds cro?  out i n  
t he  upper par t  of the  nleasured sect ion i n  t he  
northern pa r t  o f  the ama,  



i s  cut  by many veinleta of l a t e r  c l ea r  c a l c i t e  which gener- 

a l l y  shows well developed glide-twinning. Following Folk's 

terminology ( 1959 ) , these rocks a r e  p i c r i t e s .  

The upper part of the  limestone section is dominantly 
/> < t c ,- rd ,J,d 

allochemical rather than orthochemical. The allochemical 

material i s  primarily composed of rounded t o  subrounded, 

f ine  t o  medium grained in t r ac las t s  and ool i tes  ( f ig .  201, 

possibly some very fine grained p e l l e t s  (nomenclature a f t e r  

Folk, 1959). The allochems range i n  s i z e  from l ess  than 

1/16 mm t o  2 mrn, and a r e  composed of extremely f ine  grained 

carbonate s imilar  t o  the grains described i n  the  lower p a r t  

of the  sequence. The allochems are cemented by very f ine  

grained c l e a r  ca lc i t e .  Small f o s s i l  fragments a l so  occur 

occasionally. The limestone is cu t  by numerous ve in le t s  of 

coarse-grained clear ca lc i t e .  The textures of several speci- 

mens a r e  quite obscure and possibly indicate recrystal l iza-  

tfon. Other than rare, very small gxaina of opaque minerals, 

these rocks are  pure carbonate. This sequence of rocks f a l l a  

within Folk's family of sparry allochemical rocks and includes 

in t raspar i tes  , oospari tes , poes ibly  pelspar i tes  , and combina- 

t ions  of these rock t m e s .  

Staining of the  limestone samples haa fa i led  t o  reveal  

the  presence of any well defined dolomitic zones. The s t a i n s  

do seem t o  indicate,  however, t h a t  same zones may have a 

higher magnesium content than others. Rare dolomite lenses 

are present. 



Figure 20, Photornicrggraph of i n t e r c l a s t s  and 
o o l i t e s  i n  Tolovana limestone (specimen no. 52; 
p l ,  3) ,  Plane l i g h t ,  X 80, 



Two limestone s e c t i o n s  were measured and descr ibed ,  

one i n  t h e  northern F o s s i l  Creek a r e a ,  and one i n  t h e  south- 

e r n  F o s s i l  Creek a r e a  ( p l .  5 ) .  Because t h e  l imestone cannot 

be subdiviiied i n t o  d i s t i n c t  u n i t s  i n  t h e  f i e l , 3 ,  t h e s e  s e c t i o n s  

a r e  not  descr ibed  i n  t h e  t e x t .  The desc r i ? t ions ,  based on 

microscopic as  we l l  a s  f i e l d  observat ions ,  a r e  presented  on 

p l a t e s  2 and 3. 

Thickness 

The t r u e  th ickness  of t h e  Tolovana l imestone i s  no t  

known. Mextie (1937, p. 86') sugges ts  a p o s s i b l e  th ickness  

of a s  much as  3000 feet. The s e c t i o n  of l imestone measured 

by t h e  writers i n  t h e  nor thern  F o s s i l  Creek a r e a  i s  3215 

f e e t  t h i c k ,  and t h e  s e c t i o n  of l imestone measured i n  the 

southeas tern  F o s s i l  Creek a rea  is  4225 f e e t  t h i c k .  These 

th icknesses  do no t  r e p r e s e n t  t o t a l  th i cknesses ,  however, as 

t h e  bases  of  both  s e c t i o n s  a r e  f a u l t  c o n t a c t s ,  and the upper 

con tac t s  have been removed by eros ion .  

Acre and c o r r e l a t i o n  

The Tolovana l imestone has been dated as Middle S i l u r i a n  

(Niagaran) on t h e  b a s i s  of a cons iderable  fauna c o l l e c t e d  by 

Stone, P r i n d l e ,  Johnson, Blackwelder, and Mertie. Mertie has  

t abu la ted  t h e  f o s s i l s  from a l l  of t h e s e  c o l l e c t i o n s  (1937, 

p. 90 )  which were i d e n t i f i e d  and dated by Eds~in Kirk. Origin- 

a l l y  some of t h e  assemblages were considered t o  be of Late  



S i l u r i a n  and even Devonian age (Pr ind le ,  1913, p. 43) and it 

was thought t h a t  the Tolovana l imestone might r ep resen t  con- 

t inous  sedimentat ion from mid-S i l u r i a n  t o  Middle Devonian 

time. More extens ive  faunal c o l l e c t i o n s  from t h e  l imestone 

and subsequent s t u d i e s  of Devonian fauna and s t r a t i g r a p h y  

showed t h a t  t h i s  i s  no t  t r u e ,  however. Because t h e  f o s s i l s  

c o l l e c t e d  from the Tolovana a l l  occur near  i ts  base, it is  

a l s o  p o s s i b l e  t h a t  t h e  u?permost p a r t  may be l a t e  S i l u r i a n  

(Mertie,  1937, p. 91 ) .  

The writers experienced d i f f i c u l t y  in  r e l o c a t i n g  prev- 

ious f o s s i l  l o c a l i t i e s  due t o  the genera l ized  na tu re  of t h e  

l o c a t i o n  desc r ip t ions .  During the course of t h e  field work, 

however, f o s s i l s  were c o l l e c t e d  from nine  l o c a l i t i e s ,  some 

of which may be t h e  same as t hose  descr ibed by Mertie., The 

loca t ions  o f  t h e  f o s s i l  c o l l e c t i o n s  are shown on p l a t e  5 ,  

and a r e  descr ibed  a s  fol lows.  

Station No.  L o c a l i t v  D e s c r i ~ t i o n  

F-1-REC An assemblage of  c o r a l s ,  brachiopod fragments, and 

c r i n o i d  columnals w a s  recovered from t h e  f i r s t  w e s t -  

ern spur  southwest of t h e  northernmoat e x t e n t  of 

l imestone outcrop. The f o s s i l s  occur i n  rubble 

on t h e  s lope  20 t o  50 f e e t  above t h e  limestone- 

vo lcan ic  con tac t .  

F-2-REC The limestone k l i p p e  which forms t h e  t o p  of the 

knob 0.4 m i l e s  n o r t h  of t h e  upper valley of Willow 

Creek con ta ins  f o s a i l s  a s  f l o a t  and i n  t h e  outcrop 



near the  top of the knob, appxoximately 800 f e e t  

above Willow Creek. 

F-3-REC Poorly preserved corals  occur in rubble 200 t o  300 

f e e t  above the  limestone-volcanic contact on the 

northwestexn s ide  of the  northwestem-most knob of 

limestone in the  Foss i l  Creek area. The  corals  

comprise as  much as  5Pk of the f l o a t ,  b u t  none 

were recovered i n  place. 

F-4-REC Poorly preserved corals  and brachio2od fragments 

occur i n  rubble near small east-west trending pass 

i n  the cent ra l  pa r t  of the limestone knob described 

under F- 3-REC . 

F-1-MCD One half  mile southwest of the wind gap in  the  cen- 

tral portion of the Fossi l  Creek area corals occur 

as f l o a t  f o r  approximately 200 feet up slope Erom 

t h e  eaat limestone-volcanic contact on the western- 

most limestone ridge. 

F-2-MCD This col lect ion e i t e  i s  approximately one mile south- 
' (, . 

west of the wind gap i n  the cen t ra l  pa r t  of t h e  

Foss i l  Creek area. Corals occur as f l o a t  and in 

outcrop i n  the  limestone along the w e s t  contact of 

t he  western-most limestone ridge. 

F-3-MCD Corals occur as f l o a t  near the west limestone-vol- 

canic contact on the  fourth west trending spur south 

of the  wind gap i n  the  cent ra l  Foss i l  Creek area. 

F-4-MCD Pentameroid brachiopods occur as f-loat and i n  out- 

crop near the eastern contact of t h e  limestone on 



the  westernmost ridge of the f i f t h  west trending 

spur south of the  wind gap in  the cent ra l  Foss i l  

Creek area. 

F-5-MCD Approximately half  way between Windy Pass and the  

top of the  r idge t o  t h e  west, pentameroid brachio- 

pods occur as f l o a t  and i n  outcrop. Corals occur 

a s  f l o a t  from here t o  the  top of the  ridge, where 

they a l so  occur in  outcrop. 

Preliminary ident i f ica t ions  and age determinations have 

been made on s l l ec ted  f o s s i l s  from these collections.  These 

include pentameroid brachiopods and favosi t id  corals  of 

S i l u r i a n a g e .  

The Tolovana limestone represents only one small area ', 
t of limestone in  a very broad b e l t  of Si lur ian carbonate rocks 
< 

which extends from Cape Krusenstern on the north s ide  of 

Kotzebue sound eastward along the  south s ide  of the  Brooks 

Range, across the  Porcupine River area, and f a r  eastward in- 

t o  the Mackenzie River region of northwestern Canada. This 

b e l t  extends northward in Canada t o  the Arctic Ocean (Martin, 
a 

1959), and southwestward, i n  Alaska in to  the Kuskokwim valley 

(Cady and others,  1955). Fig. 2 1  shows the probable extent 

of the  Tolovana limestone and i t s  time equivalents as the  

time of t h e i r  depoeition. 

Dutro (1959) cor re la tes  the  Tolwana limestone with the  

Ska j i t  limestone which crope out sporadically along t h e  south- 

em aide of the  Brooks Range, the White limestone of the 





Eagle-Circle axea, and unnamed Middle S i lu r i an  limestones i n  

t h e  Porcupine River area, the Kuskokwim area, and on the 

Sewaxd Peninsula. A grayrmcke-chert sequence i n  the  Alaska 

Range i s  a l s o  bel ieved t o  be the  age equivalent of t h e  Tolo- 

van8 limestone, 

Conditions of d e ~ o s i t i o n  

T h e  Tolovana limestone t h a t  crops out i n  t he  Fossil 

Creek area  appears t o  have been deposited i n  a  shallot^ marine 

environment under l oca l ly  very a t ab l e  condit ions.  Deposition 

occurred i n  a widespread seaway which was probably i n  a mi -  

geoaynclinal tectotope.  

The lower, very f i n e  grained port ion of t h e  limestone 

was deposited by chemical o r  biochemical p rec ip i t a t i on  of 

calcium carbonate which formed a microcryeta l l ine  calcite 

ooze. The condit ions under which the upper sec t ion  of the 

l b e s t o n e  formed must have been somewhat d i f f e r en t ,  The 
4 

rounded i n t r a c l a s t s  and presence of o o l i t e s  ind ica te  t h a t  

t he re  was wave or  cur ren t  ac t i on  i n  t h e  area. The in t r a -  

c l a s t s  are in te rpre ted  as having been derived from eros ion 

of previously deposited, weakly consolidated carbonate sedi- 

ment from adjoining p a r t s  of the sea bottom and then redeposited 

(Folk, 1959, p. 4 ) .  Small  i n t r a c l a s t s  probably Eonn t h e  

nucle i  of the oo l i t e s .  

The presence of f o s s i l s  of ree f  bui ld ing organisms 

ind ica tes  t h a t  a t  l e a s t  p a r t  of the Tolwana limestone had 



an organic or ig in .  Because f o s s i l s  of these  organisms occur 

only a t  widely separated l o c a l i t i e s ,  t he  writers do not be- 

l i e v e  t h a t  t he  organic con t r ibu t ion  was grea t .  It is post- 

ulated t h a t  these f o s s i l  accumulations represent  small,  widely 

sca t t e r ed  biohermal s t r u c t u r e s  t h a t  grew on a shallow sea  

bottom during deposi t ion of t he  limestone. 

The presence of the  i n t r a c l a s t s  and o o l i t e s  is ?resented 

as evidence fo r  a shallow marine environment. The area  must 

have been above wave base i n  order  f o r  these  t o  form, I n  ad- 

d i t i on ,  t h e  presence of reef  bui ld ing organisms is fu r the r  

evidence f o r  shallow water condit ions.  The almost complete 

lack of mater ia l  o ther  than calcareous cons t i tuen ts  points 

t o  a very s t a b l e  t ec to tope  during deposi t ion of t he  Tolovana 

limestone and: (1) lack of a source area  from which t e r r i -  

genous sediments w e r e  being derived;  o r  ( 2 )  the Foss i l 'Creek 

area was a loca l  high and t h e  terr igenous mater ia l  bypassed 

the area.  



QUATEFUTARY DEPOSITS 

The Quaternary depos i t s  i n  t h e  F o s s i l  Creek area con- 

s i s t  of r e s i d u a l  d e p o s i t s  covering much of t h e  bedrock, and 

a l l u v i a l  depos i t s  i n  t h e  l a r g e r  v a l l e y  f looxs .  No morainal 

depos i t s  have been recognized even though small  goorly formed 

c i rques  a r e  p resen t  above an e l e v a t i o n  of 3500 f e e t  on t h e  

northwest s i d e  of Cache Mountain and on the  northwest s ide 

of t h e  extreme nor thern  end of F o s s i l  Creek r idge .  These 

c i rques  a r e  considered t o  be I l l i n o i a n  i n  age a s  they occur 

a t  an e l e v a t i o n  t o o  low t o  be of Wisconsin age. Wisconsin 

enowline occurred a t  an e l eva t ion  of about 4500 f e e t  above 

sea l e v e l  i n  t h i s  reg ion  (P~W; and Burbank, 1360, p. 2038) . 
The d r i f t  that  formerly e x i s t e d  i n  t h e  c i rques  has been re- 

moved by erosion.  

Residual depos i t s  

A poorly developed rocky s o i l  covers, most of the  a r e a  

under la in  by metamorphic and volcanic  rock types .  On t h e  

s t e e p  upper s lopes  of volcanic  r idges  t h e  s o i l  grades t o  

coarse ,  angular  rubble  p a r t i c l e s  which range up t o  s e v e r a l  

feet i n  diameter.  The c r e s t s  of some of t h e  low r idges  

under la in  by metamorphic rocks are covered w i t h  a mantle of 

f r o s t  r ived  m a t e r i a l ,  the p a r t i c l e s  of which average l e s s  

than  2 inches i n  diameter.  

The s lop ing  r i d g e  which ~ t k i l d s  from Cache Mountain to 

F o s s i l  Creek v a l l e y  d i s p l a y s  c h a r a c t e r i s t i c  pa t t e rned  ground 



features.  Frost scars  occur, and above an elevation of 3500 

Eeet, well developed stone rings a r e  found on the a l t i s lana-  

t ion  te r races .  The stone rings a r e  1 0  t o  13 feet i n  diameter 

and a r e  cam>osed of f ine  material  surrounded by coarse rubble 

u? t o  2 Eeet in  diameter. 

L i t t l e  or no s o i l  mantle has formed on the summit of 

Cache Mountain. Almost a l l  of the  surface i s  covered with 

large frost-r ived blocks which range up t o  10  feet i n  diam- 

e t e r .  The blocks a r e  probably s t i l l  forming, and form vas t  

t a lus  p i l e s  of very coarse material  along the headwalls of 

the cirques on Cache Mountain. 

Extensive ac t ive  t a l u s  slopes occur on the  lower and 

middle slopes of t h e  limestone ridges. The f r o s t  rived ma- 

t e r i a l  which mantles these slopes i s  commonly l e s s  than 1. 

foot i n  diameter, although occasional large blocks occur. 

I n  some places intermit tent  streams have moved t h i s  material  

fa r ther  down slope duxing heavy ra ins  t o  form ta lus  fans in 

the  val ley f loors  . 
Stream deposits  

Coarse gravel deposits  occur on the  flood plains  of 

Beaver, Foss i l  and Willow Creeks and in  the  lower portions 

of a number of t r i b u t a r i e s  t o  these streams. I n  addit ion,  

gravel deposits  occur i n  low te r races  along Fossi l  Creek. 

In the  northern p a r t  of the  Fossi l  Creek area the  

gravel is very coarse and chief ly  subangular. Boulder sized 



material is prevalent. The gravels become l e s s  coarse and 

better rounded i n  the southern portions of the area and con- 

tain a higher percent of sand. Locally, near metamorphic 

source areas the gravels become much finer.  



INTRUSIVE ROCKS 

Both plutonic and dike rocks discordantly intrude the  

older sediments of the  area.  Plutonic rock types include 

quartz monzonites and gabbros, and both tourmaline grano- 

d i o r i t e  and basic dikes occur i n  the area. 

Plutonic rocks 

Cache Mountain quartz monzonite 

The higher elevations of Cache Mountain, i n  the  ex- 

treme eastern portion of the  mapped area a r e  composed of 

quartz monzonite of a plutonic mass which appears t o  be of 

stock dimensions. The high, r e s i s t a n t  quartz monzonite 

sp i res  which form the  summit mass of Cache Mountain a r e  the 

highest topographic feature  i n  the  Fossil  Creek !,I . area. 

Petrolow.-- (Specimen no. 23; p l .  5 )  The Cache Moun- 

t a l a  quartz monzonite is a medium t o  coarse grained, l i g h t  

gray g r a n i t i c  rock. In  outcrop, weathered exposures display 

a reddish buff or  tan color. Subhedral potassium feldspar 

and quartz grains occur up t o  10  mrn i n  diameter; average 

s i z e  is approximately 4 m. Subhedral t o  euhedral plagio- 

c lase  crysta le  a re  generally smaller, averaging apprmimately 

2 mm in diameter. 

The Cache Mountain quartz monzonites display a typ ica l  

hypidi omorphic-granular tex ture  f omed by roughly equigranular , 



I (# . 

in ter locking gra ins  of quartz, plagioclase ,  and microper thi t ic  

sanadine. B i o t i t e  g ra ins  of ten  occur in c lus t e r s .  P o i k i l i t i c  

b i o t i t e  d isplays  an unusual number of zircon inclusions.  

The plagioclase  composition ranges between c a l c i c  o l ig-  

oclase and sodic andesine ( r b 2 8  t o  An32). Plagioclase g ra in s  

a r e  commonly normally zoned. Secondary s e r i c i t e  is  of ten  

developed along compositional planes of a l b i t e  twins and i n  

t h e  c a l c i c  cores of zoned c rys t a l s .  

The potassium fe ldspar  a?pears t o  be sanadine (o f ten  

microper th i t i c ) .  It  is character ized by a 2V which va r i e s  

between 5 and 35 degrees. The b i o t i t e  shows very deep ab- 

sorpt ion (x= pa le  t an ,  y= medium brown, z= vevy dark brown). 

A green component is o f t en  present  i n  the z di rec t ion .  Zircon 

inclusions showing w e l l  developed pleochroic halos i n  t h e  

host b i o t i t e  gra ins  a r e  abundant ( f i g ,  2 2 ) .  Some of the  bio- 

t i t e  is  a l t e r e d  t o  c h l o r i t e .  Minor muscovite a l s o  occurs. 

Tourmaline occurs a s  an accessory mineral i n  most spec- 

imens, and one occurence of topaz was recorded. Apati te  and 

magnetite a r e  a l s o  common accessories.  

Fine and medium grained border Eacies types occur ad- 

jacent t o  t h e  contact  on the  w e s t  r idge  of Cache Mountain. 

These may be e i t h e r  apophyses of the main body, o r  cupolas 

of the  main body eeparated by roof pendants. The  mineraldgy 

of these  rocks is  i d e n t i c a l  t o  t h a t  of t h e  main in t ru s ive  

body and they d i f f e r  only in grain size. 

The contact  between the  pluton and t h e  pre-Middle 



Figure 22, Photomicrograph of Cache Mountain 
quartz monzonite (specimen no, 23:  pl .  5 )  
showing p o i k i l i t i c  b i o t i t e  containing many 
z i rcon  inclusions.  Crossed nicols ,  X 80. 

Figure 23. Photomicrograph of Beaver Creek 
quar tz  monzonite ponhy ry  (specimen no, 2h; 
p l ,  5 )  sho-.~ing micrographic intergrowth o f  
quar tz  and fe ldspar  i n  t h e  matrix. Crossed 
n ico l s ,  X 80, 



Ordovician country rock appears t o  be very sharp.  The pre- 

cise t r a c e  of t h e  c o n t a c t  could not  be  seen,  b u t  it could 

be  loca ted  wi th in  a few f e e t  by t h e  change i n  t h e  composition 

o f  t h e  rubble.  A d i s t i n c t  thermal metamorphic au reo le  ex- 

tends  i n t o  t h e  country rock f o r  a cons iderable  d i s t a n c e  away 

from t h e  con tac t .  

The p l a g i o c l a s e  c o n s t i t u t e s  from 20 pe rcen t  t o  25 per- 

cen t  of t h e  rock, w h i l e  sanadine c o n s t i t u t e s  from 25 pe rcen t  

t o  30 percent .  Quar tz  comprises f r o m  20 percent  t o  30 per- 

cen t  and t h e  minor minera ls  and accessor i e s  c o n s t i t u t e  t h e  

rest of the rock. 

The presence of the sanadine and the dark brown biotite 

seem to i n d i c a t e  a h igh  temperature o r i g i n ,  and condi t ions  

of emplacement t r a n s i t i o n a l  between t h e  hypabyssal and plu- 

t o n i c  zones. 

Beaver Creek quar t z  monzonite porphyry 

A s m a l l  qua r t z  monzonite porphyry body is exposed where 

a west t r end ing  spur  of F o s s i l  Creek r i d g e  is  t runca ted  by 

t h e  channel of Beaver Creek ( p l .  1). Because of a l i m i t e d  

exposure, an  accura te  e s t ima te  of  t h e  s i z e  of the i n t r u s i v e  

cannot be made. The outcrop  itself is smal l ,  however. Much 

of t h e  a c t u a l  outcrop is covered by vege ta t ion  and rubble  

( f i g .  24). 

Petrolow.--  (Specimen no. 24; p l .  5 )  The Beaver Creek 

quar t z  monzonite porphyry is composed of l a r g e  (average l eng th  

1 2  mm) p e r t h i t i c  o r t h o c l a s e  phenocrysts , euhedral  t o  subhedral  



plagioclase phenocrysts (average length 4 mm) and subhedral 

t o  anhedral quartz phenocrysts (average diameter 3 rnrn), 

surrounded by a fine t o  medium grained matrix composed of 

plagioclase (approximate composition Anz4), i n t e r s t i t i a l  

quartz, orthoclase, b i o t i t e ,  and accessories, c a l c i t e ,  

zircon, s e r i c i t e ,  and apa t i t e .  

The rock is  porphyrit ic with a s e r i a t e  fabric.  The 

ground mass is t y p i f  led '  by a micrographic intergrowth of 

quartz and feldspar (fig. 2 3 ) .  Much of the  orthoclase shows 

a well developed p e r t h i t i c  texture.  The b i o t i t e  has been 

s l igh t ly  a l te red  t o  muscovite. 

The Beaver Creek quartz monzonite is discordantly em- 

placed i n  the  Tolovana limestone; t h i s  probably accounts fo r  

the  f r ee  c a l c i t e  which is present i n  the ground mass. No 

contact metamorphic e f fec t s  were eeen. I 

Orthoclase cons t i tu tes  approximately 36 perc;nt of the  

rock, while plagioclase comprises 34 percent, quartz 20 per- 

cent, and the  b i o t i t e ,  ca lc i t e ,  and accessories cons t i tu te  

10 percent. 

Gabbros 

A number of poorly exposed outcrops of dark greenish- 

black gabbroic rocks were discovered near Foss i l  Creek in  

the  northeastern pa r t  of the  Foss i l  Creek area,  and on fhe 

interf luve between Foss i l  and Willow Creeks. These rocks 

occur in a narrow zone about 2 1 / 2  miles long para l le l ing  



an important f a u l t  zone i n  t h i s  area (p la te  1). Because of 

poor exposures it was not d e t e m h e d  whether these outcrops 

represent one or  a number of small intrusive bodies. The 

s imi lar i ty  i n  com~osi t ion of the  rocks> however, indicates 
/ 

t h a t  i f  they a r e  not part of the  same body, they were probably 

derived f r o m  the same magma. Actual contacts were no t  found, 

and contact re la t ionships  between the gabbroic and metamorphic 

rocks which they intrude a re  not known. 

Petrolom.-- (Specimen no. 25 ; pl.5) O n  a f resh sur- 

face the gabbroic rocks display mottled dark green and l i g h t  

gray colors, but they weather t o  a dark greenish o r  black 

color. The gabbros generally are medium grained, but  the 

grain s i z e  ranges from coarse t o  f ine.  Major mineral con- 

a t i tuents ' inc lude  euhedral t o  subhedral plagioclase (An35), 

subhedral pyroxene, small grains 05 anhedral ch lo r i t e ,  prehnite,  

and r a t e  olivine.  B io t i t e ,  potassium feldapar, p i s t a c i t e ,  

and actinolitic-hornblende a l so  occur as minor consti tuents.  

Accessory minerals include zircon, apa t i te ,  sphene, idding- 

s i t e ,  magnetite, and perovakite. 

Plagioclase cons t i tu tes  from 45 t o  75 modal percent of 

these rocks, and it is severly a l te red  t o  aggregates of prehn- 

Ate, s e r f c i t e  and epidote minerals. Plagioclase grains a r e  

often zoned, and i n  one sample showed a l inea r  type of inter-  

growth a s  a r e s u l t  of apparent mixing of the a l b i t e  molecule. 

Modal pyraxenc ranges from 5 t o  40 percent and it is 

often highly a l te red  to ch lo r i t e ,  and in some cases, 



actinoli t ic-hornblende.  Two, and possibly t h ree  c h l o r i t e  

minerals occur: pennine, c l inochlore  and/or prochlor i te .  

The b i o t i t e  appears t o  be a high temg~erature va r i e ty .  

I n  plane polarized l i g h t  it displays  deep absorption (x= pa le  

t an ,  y= medium brown, z= very dark brown). Some of it is 

bleached and partly a l t e r e d  t o  chloxi te .  

T h e  gabbroic rocks general ly  have a hypidiomorphic 

granular  t ex ture .  The plagioclase  and pyroxene gra ins  are  

equigranular and occassionally exh ib i t  rnicrogra2hic i n t e r -  

growth. A t  one c i t e  t h e  gabbro has been sheared and d i s -  

plays mylonitic s t ruc tu re .  

Even though the plag ioc lase  composition is  An35, r a t h e r  

sodic f o r  a gabbro, t he se  rocks appear t o  have been or ig in-  

ally c r y s t a l l i z e d  a s  gabbros r a t h e r  than d i o r i t e s .  The 

plagioclase  appears t o  have been deca lc i f i ed ,  as shown by 

the  a l t e r a t i o n  aggregates of p rehni te  and p i s t a c i t e ,  and w a s  

o r ig ina l ly  more ca l c i c .  Pyroxene, which i s  c h a r a c t e r i s t i c  

of t h e  gabbro clan,  is  t h e  dominant mafic mineral,  while 

amphibole occurs only as an a l t e r a t i o n  product. B i o t i t e ,  

which is q u i t e  common in d i o r i t e s  i s  a minor cons t i tuen t  i n  

these rocks. The presence of o l i v ine  seems t o  confirm t h e  

gabbroic c l a s s i f i c a t i o n .  

Dike rocks 

TourmalFne granodior i te  

A discordant  tourmaline granodior i te  d ike  in t rudes  t h e  



Figure 24. Outcm? of  the  Beaver Creek quar tz  
monzonite porphyry on t he  e a s t  bank of Beaver 
Creek i n  t h e  southwest n a r t  of the  Foss i l  Creek 
area ,  

1 
F' pure 25, An out cro o f .  toupla l ine  granodior i te  
w h c h  occurs a s  a  sma!?l dllce m t h e  southern p o r t i o n  
of  the  area, on t ? ~ e  e a s t  b i fu rca t ion  of ~ o s s i i  Creek 
ridge. 



Tolovana l imestone i n  t h e  southern por t ion  of  t h e  a r e a  on 

the east  b i f u r c a t i o n  of  F o s s i l  Creek r idge  ( p l .  1). , 

The exposure is very smal l  and obscured by vege ta t ion  

and f r o s t  r ived  rubble  ( f i g .  2 5 ) .  

Petro1oqy.-- (Sarn2le no. 26; p l .  5 )  The rock i c  f i n e  

gra ined  and predominately l eucocra t fc .  F ine  grained bluish- 

black  tourmaline occurs i n  c l u s t e r s  which average approxi- 

mately 15 ma i n  d iameter ,  g iv ing  t h e  rock a p o r p k i r i t i c  

appearance. 

The matr ix  is composed of f i n e  gra ined  equigranular  

plagFoclasa,  sanadine and quar t z .  The p l a g i o c l a s e  composi- 

t i o n  t ends  t o  average s o d i c  o l i g o c l a s e  (Anll), and cons t i -  

t u t e s  approximately 40 percent  of the rock. The  sanadine 

c o n s t i t u t e s  approximately 20 percent ,  while the quartz 

composes 25 pe rcen t ,  and t h e  tourmaline,  15 percent  of  the 

rock. The tourmaline c l u s t e r s  c o n s i s t  of  xenmorphic  

tourmaline g r a i n s  occuring i n t e r s t i t i a l l y  between the larger 

p lag ioc laee ,  sanadine,  and quartz g r a i n s ,  i n  concentrated 

area ( f i g .  26 ) .  The tourmaline dominantly shows b l u e  pleo- 

chroism (o== b l u e ,  e= very  p a l e  b l u e ) ,  b u t  near  t h e  per iphery  

of many of  t h e  c l u s t e r s  t h e  c o l o r  grades t o  t a n  (o= t a n ,  

e= c o l o r l e s s ) .  T h i s  s h i f t  i n  pleochroism -,, . is apparent ly  

due t o  a composi t ional  change. Phlogopite and topaz occur  

i n  minor amounts. A p a t i t e  and z i r con  a r e  accessor i e s .  



Figure 26. "hotomicrograph of toun ia l ine  
g ranod io r i t c  shoving a nor t ion  of a tour-  
maline clus:er. ?'lane l i g h t ,  nV 80, 



Altered basic dike rocks 

A number of small a l tered basic dikes intrude the pre- 

Middle Ordovician metamorphic sequence in the northeastern 

part of t h e  Foesil Creek area ( f i g .  27 and 28) .  These dikes 

vary f r o m  10 t o  20 feet  in  width, s t r i ke  northeaet, and 

parallel the regional trend (pl .  1). 

One small basic dike intrudes the Tolovana limeston 

along the main ridge crest i n  the central  part  of the area, ' 

Scattered f loa t  indicates tha t  other similar dikes may be ' 

present, but no more were seen by the writers. 

Petrolow.-- (Specimen no. 27; pl .  5)  The mineral= 

of the dikes which intrude the metamorphic sequence is very 

s imilar  t o  that  of the gabbroic rocks. They are dominan 

cornposed of fine-grained euhedral to subhedral plagioclas 

la ths ,  subhedral pigeonitic pyroxene, and minor prehnite, 

chlor i te ,  opaque minerals, and leucoxene. Accessory biotite 

is sometimes present. 

The plagioclase is ca lc ic  oligoclase (Anzg) , which is 

generally much altered to prehnite and chlorite.  

The texture of these dike rocks varies fran porphyritic 

t o  in terser ta l .  Plagioclass phenocrysts 4 to 5 an, In length 

occur i n  a fine grained groundmass tn some of the  dikea; i n  

others the interst ices  between plagioclase laths are f i l l e d  

with very fine grained chlor i te ,  opaque minerals and leucoacene. 

Because the composition of these dike rocks is very sim- 

i l a r  to the composition of the gabbxoic rocks, and since they 



occur i n  close ? r o x h i t y ,  they  are considered to be genetic- 

a l l y  re la ted .  

T h e  basic dike which  in t rudes  the Tolovana l h e s t o n c  Is 

extremely a l t e r ed  and hence d i f f f c u l t  t o  r e l a t e  t o  the  o the r  

dikes. The dike rock I s  composed of fine gra ined  euizedral 

t o  subhedxal plagioclase laths, and extremely f i n e  gra ined  

c h l o r i t e ,  calcite, leucoxene, and epidote.  I t  is not pos- 

sible t o  t e l l  whether this dike is gene t ica l ly  related to 

the other a l t e r ed  kaslc d ikes .  

A q e  and c o r r e l a t i o n  

Sanadine, tourmaline, and topaz are  p r e s e n t  Fn the  tou r -  

maline g r a n o d i o r i t e  dike and in t h e  Cache Mountain i n t r u s i v e ,  

and therefore they are b e l i e v e d  t o  be g e n e t i c a l l y  related. 

T h e  plagioclase is more sodic  Fn the dike rock, and quartz, 

p lag ioc lase ,  and sanadine occur in d i f f e r e n t  proport i ons ,  

but the gross  mineralogy i s  s t r i k i n g l y  similar.  

The Beaver Creek q u a r t z  rnonzonite and the  tourmaline 

g r a n o d i o r i t e  bod ie s  i n t r u d e  the Tolovana I lmestone.  Because 

t h e  tourmaline granad io r i t e  is genet ical ly  related to the 

Cache Mountain i n t r u s i o n ,  the a c i d i c  intrusions can be dated 

as  pos t -Si lur ian .  N o  more d e f i n i t e  date can be placed on 

these acidic  i n t r u s i o n s  on the basis  of the present work. 

Mertie,  however, correlates  the  Cache Mountain intrusion 

and the tourmaline granodior i te  d i k e  with other similar in- 

t r u s i o n s  throughout t h e  Yukon-Tanam upland (Mertie , 1337, 

p. 215-216) ,  'le has proposed that they are of 2ast-Paleozoic 



and pse-Tertiary age on the bas i s  sf a conglomerate found 

i n  t h e  Charley River area composed of granit ic  bouldexe, 

and dated as ei ther  Lake Cretaceous or early Tertiary fn 

age (Mert ie ,  1 3 3 7 ,  p .  215-216). Ke f u r t h e r  suggesta that  

these granitic rocks are of Jurass i c  age, because no Juras- 

sic rocks have been found i n  the  area,  which seemingly in- 

dicate~ that the miss ing interval was due to  ex tens ive  up- 

Lift and mountain bui ld ing  (Mert ie ,  1937, p. 216) . A lead- 

alpha date from radioactive zircon from a g r a n i t i c  rock in 

Granite Mountain near B i g  Delta  ha6 been dated a s  Cretaceous 

(Holrnes and i n  press) . 
While Mertie does not mention basic igneous rocks in 

this v i c i n i t y ,  he has proposed a Late Devonian age for the 

ultxabasic  intrusions south of Livengoad, and a Misa i s s ip-  

pian age for bas i s  in trus ions  in the northern part of the 

Fairbanks quadrangle an the basis  of the s t ra ta  which they 

intrude ( M e r t b e ,  1937, p. 205)  . On the basis of t h i s  present 

w r k ,  however, the 'basic i n t r u s i o n s  Ln the northern Fossil 

Creek area can be dated only as Middle Ordovician or later, 

and in one ease, past-Si lurian.  



STRUCTURAL GEOLOGY 

The structure of the Foss i l  Creek area was interpreted 

*by Mertie (1937, p.  3 3 )  as southwest plunging, closely 

appressed folds, with a x i a l  planes dipping steeply t o  

the southeast. The two limeatone belts were interpreted 

as synclines,  separated by an antic l ine  of volcanic rocks, d a 

Thrust faulting was recognized in  the val ley of Foesil 

Creek where complex structure, including a recumbent L b s -  

stone fold wrapped around a voLcanFc core, was seen. 

The writers could not locate the recumbent limestone 

f o l d  wrapped around a volcanic core mentioned by Mertie 
. . *( I .  

(1937, p.  83). Fault "A", where it folLows the valley of 

Foas i l  Creek, and possibly parts of fault "C" were probably 

recognized by Mertde (1937, p. 88). MertSe also  suggests 

faulting in the v ic in i ty  of the small klippen 

in the northeast corner of the mapped area (1937, p.  88). 

The writers have reinterpreted the  structure of the 

F o s s i l  Creek area and feel  that thrust fault ing is much 

more important than previously realized.  

A marked discordance in the sltructural trend of  the 

limestone and the trend of the outcrop pattern occurs in 

the extreme eouthern end of the east limestone belt ( g l .  1 ) .  

This ie anmmloua since, except i n  very l o c a l  areas, the 
t 

structural trend ~f the limeatone gencxally para l l e l s  the 



outcrop p a t t e r n .  This discordance suggests that the  outcrop 

pattern here is not controlled by t he  structure within  the 

limestone. 

Folds 

Three major folds have been observed in the a r e a .  

A s y n c l i n a l  axis can be t r aced  northeastward i n  t h e  

western l imestone belt throughout the  e n t i r e  study area. 

Moat of the  wersten limb of t h i s  fold has been removed by 

f a u l t i n g .  The s y n c l i n e ,  which trends N 45* E, is inc l ined  

and the axial plane dips steeply to the southeast (pl. 4 ) .  

(See a l s o  structure s e c t i o n  E-E' : p l .  1) . 
A second syncline occurs in the northern h a l f  of the 

e a s t e r n  l imee tone  b e l t .  The axis of t h i a  s y n c l i n e  t rends  

approximately N 60' E ,  and the axial plane dips s t e e p l y  

to the southeast ( p l .  4 ) .  (See also s t r u c t u r e  s e c t i o n  

C - C ' ) .  

A n  outcrop of pxc-Middle Ordovician metarnorpnic 

rocks in  the extreme northern p ro t ion  of t he  area is 

thought t o  be an a n t i c l i n a l  core ( p l .  4 ) .  (See also struc- 

ture section A - A ' ) .  This appears to be a southwest plung- 

i n g  a n t i c l i n e ,  however no s a t i s f a c t o r y  attitudes could by 

found, and the precise geometry of the fold is not kno-m. 

Several minor fold axes are suggested i n  the Zfmestone 

beds along the  southwestern side of the nor thern  Fossil 

Creek ridge, and i n  the  l a r g e  limestone klippe east of 



f a u l t  "A' :  ( p l .  4 ) .  These axes are t h e  r e a u l t  of s l i g h t  

reversals of dips in beds that are near ly  ve r t i c a l .  Be- 

cause the beds are n e a r l : ~  v e r t i c a l ,  the  reversals s l i g h t ,  

and t h e  axes c o n t i n u o u ~  f o r  only short distances, L t  could 

not  be determined whether these are the axes of fo ld s  ax 

the reBult of i r r e g u l a r i t i e s  i n  bedding. 

Severa l  reversals i n  d i p  axe a l so  found along t3e south- 

em crest of the east l imestone belt ( p l .  I)  . Whila these 

are apparent ly minor fo lds ,  they do n o t  seem to be consis- 

t e n t  along the  ridge crest, nor along the flanks of the ridge. 

Theee apparent fo lds  are probably minor wrinkles caused 

'by the  thrusting of the Limestone mass. 

Faults 

Seven major reverse and/or thrust faults are present. 

These a l l  strike to the northeast and dip to t h e  southeast. 
I .  

While t h e  existence of most of the f a u l t s  is thought 

to be w e l l  documented, evidence f o r  some is less eonclu- 

s ive . 
The traces of these f a u l t s  are  outlined In detail 

on the t ec ton ic  map presented as Plate 4. The locat ion,  

field relat ionships and evidence r e l a t i ng  to each of 

these f a u l t s  are discussed below. 

Fault "A"  

D e e c x i ~ t i o n  and locat ion.--  F a u l t  "A" Fs a high angle 

reverse f a u l t  which extends the f u l l  length of the mapped 



area, and parallels t h e  northeastward structural t r e n d .  

The trace of f a u l t  f o l l ows  the v a l l e y  of Fossil Creek 

in the s o u t h ,  u n t i l ,  near the center  of the mapped area 

it is o f f s e t  slightly to the w e s t  by a small t ea r  fault. 

Frm t h e r e  the fau1.t fol lows t h e  e a s t e r n  side of Fossil 

Creek r i d g e  and finally becomes obscured in the extreme 

nor thern  p o r t i o n  of the area ( p l .  4)  . 
Evidence. -- The evidence support ing f a u l t  "A"  Its 

as follows: 

The pre-Middle OrdovFcian rocks are  in direct contact  

with the S i l u r f a n  Tolovana l h e s t o n e  along t he  lower por- 

t i o n  of F o s s i l  Creek, and the F o s s i l  Creek volcanics  a re  

missing ftan their usual s t r a t i g r a p h i c  pos i t ion .  

Near t h e  c e n t r a l  p o r t i o n  of t h e  mapped area, the pre- 

Middle Ordovician contact i s  offset sharply across  the vol- 

c a n i c ~  to the  base of t he  lknestone r idge  ( p l .  1).  This  

sharp o f f s e t  indicates the tear  f a u l t  which has offset 

f a u l t  " A " .  North of t h e  tear fault, t h e  pre-Middle 

Ordovician metamorphic rocks a r e  again i n  contact w i t h  the 

Tolovana limestone, with the  Ordovician volcanics miss ing  

( p l .  1). 

The trace'of t h e  fault is expressed topographically 

i n  limestone as t r a n a e c t i n g  topographic depress ions  across 

spur ridges (fig. 29). The t r e n d s  i n  the  l h e s t o n e  on 

oppossite s i d e s  of the fault are sharply discordant .  A 

discordancy of approximately 35O occurs in the strike of 

t h e  l imestone on t h e  northwest, as opposed t o  the sou theas t  



Figure 29. The t race  of f a u l t  "A" as  viewed 
t o  t h e  NZ from the  southern end of northern 
Foss i l  Creek rid?e,  Note the  divergent t rends  
on e i t h e r  s i de  of t he  f a u l t ,  

F i ~ r e  30. Limestone s l i c e s  in Ordovician 
volcanic roclcs adjacent t o  the t r ace  of Pault 
It-4" as  seen looking N 60' E from near  t h e  - 
window 01 netamorphic rocks on the  e a s t  s i de  of 
the northern Fossi l  Creek ridge, 



s i d e  sf t.ke 2 a u l t .  

Tarther to t h e  northeast the f a u l t  ?oms t?ic near ly  

s t r a i g h t  contact  ketwcen t h e  volcanic  rock5 and t h e  lime- 

stone. -\ few ~mallcr s l i ces  of l imestone Pave been im- 

br ica ted  w i t h  the voicanics  ( f i g .  30). 

The high  angle character of the f a u l t  is denoted ky 

the straightness of the t race  as it crops out in rough 

topography i n  the northern p a r t  sf the area between the 

limestone and volcanic%, as well as through the limestone. 

F a u l t  "13" 

Descript ion and location.-- F a u l t  "B" is a low angle - 
thrust f a u l t  which has super imposed  tho  Tolovana limestone 

over pre-Middle Ordovician and Ordovician rock u n i t s  in 

the northeastern part of the mapped region ( p l .  4)  . Tho 

trace of t h i s  t h r u s t  f a u l t  de f ines  the exposed contact  

between the northeastern l h e s t o n e  spur and the volcanlc 

rocks which almost surround it. Fart!ler to the northeast, 

d i s c o n t i n u o u s  remnants of the upper  plate occur aa S h e -  

stone klippen resting on metamorphic and volcanic  rocks. 

Fault "-1" c u t s  o f f  t h i s  thrust to the w e s t  as sho~m 

Ln s t z - u c t u r a l  section C-C ' ( p l .  1) . 
Because sf vegetat ion and rubble cover, the ac tua l  

thrust contact is not exposed, but i ts  exizitcnce can be 

deduced from strong s t r u c t u r a l  evicence. 

Evidence,-- Evidence for  the existence of thrust 

f a u l t  " 3 "  follows : 



The d i ~ c o r d a n t  ? o s i t i o n  of ove r ly ing  Tolovana lime- 

stone on the  pre-NiddLe Ordovician metamorphic sequence 

( p l .  I )  and $he absence of the in tervening  volcanic  sequence 

is d i f f i c u l t  t o  explain by any o t h e r  means than faulting. 

I n  a d d i t i o n ,  the l h e s t o n e  beds d i p  s t eep ly  i n t o  the under- 

l y ing  c o n t a c t  with the metamorphic racks. (See s t r u c t u r e  

s e c t i o n  A - A ' ,  p l .  L ) .  

Z'he isolated blocks of l imestone which o v e r l i e  bath 

Ordovician volcanic rocks and pre-Middle Ordovician meta- 

morphic rocks appear t o  be klippen (structure s e c t i o n  -%-A1, 

p le  1). 

Z'he s t r i k e  of t h e  steeply dipping lbmestone beds is 

d i scordan t  with the trace of t h e  con tac t  with the  vo lcan ics  

on the northeastern l h e s t o n e  spur  of northern F o s s i l  

Creek ridge. 

Several i s o l a t e d  slices sf limestone occur i n  t he  

volcanics  near t h e  volcanic-limestone contact. I t  is very 

d i f f i c u l t  t o  account for these slices 'by any o the r  means 

than f a u l t i n g .  

F a u l t  "C" 

Description and locat ion.--  Fault " C "  is a thrust, 

or possibly a high angle reverse fault that brhgs  the 

pre-Middle Ordovician metamorphic rocks In to  d iscordant  

c o n t a c t  with the  F ~ s s i l  Creek volcanic units eas t  of the  

nor thern  par t  of Foss i l  Creek r i d g e  ( p l .  4 and structure 

s e c t i o n s  A-A'  , B-B ' , and C-C ' ) . Part of the f a u l t  trace 



lies in the vallev of Z0ssi.l Creek where there Fs very 

little outcro~ and t!:e precise  Location of t k e  fault is 

unknovin . 
The s i n u o s i t v  of t h e  fault c o n t a c t  near its n o r t h e r n  

extremity (pl . .  l. and 4) [nay be the result of t e a r i n g  a s  

a r e s u l t  of differential :rielding of the  fault to the 

northwest or it could by the r e s u l t  of p o s t - f a u l t  folding. 

Evidence.-- The nvidence for the  presence of f a u l t  - 
' C "  is  the  weakest of any used in the Fossil  Creek arca 

to postulate t h e  presence of  fault^. Its presence is not 

considered to be fully ?roved, but it is postulated, based 

on the fo l lowing  lines of evidence: 

Numerous highly  crumpled zones occur i n  the scattered 

outcrops of metamorphic rocks along Fossil Creek near t h e  

trace of the proposed fault. S m l l  scale high angle  f a u l t s  

are a s s o c i a t e d  with these i n t e n s l y  deformed outcrops r o  

that they seem i n d i c a t i v e  of a larger fault zone. 

T h e  i n t c ~ r e t a t i o n  of t h i s  f a u l t  presents by f a r  t k e  

best exp lana t ion  of t h e  o u t c r o p  pattern seen Fn t h e  a r c a  

adjacent t o  the southeastern end of t h e  n o r t h e r n  section 

sf Fossil Creek r i d g e  ( p l .  1 and structuxe section C-C'). 

Fault I'D" 

Description and Location.-- Fault  "D" is  a gen t ly  - 
southeastward d ipp ing  thrust t h a t  extends northeastward 

through Windy and Bear Valleys i n t o  Fossil Creek V a l l e y ,  

and forms the volcanic-limestone con tac t  along the western 



s i d e  of n o r t h e r n  Fossil Creek ridge. The upper limestone 

plate becomes discantinuoua in the c e n t r a l  p o r t i o n  of the  

a rea ,  where it has appa ren t ly  been eroded.  At the extreme 

n o r t h e r n  end of Fossil Creek ridge the fault is  transected 

by f a u l t  " A "  ( p l .  41. 

Evidence. -- The following evidence is cited for t h e  

presence sf f a u l t  "B": 

There is a marked d i sco rdance  i n  the s t r i k e  of the 

limestone beds on Windy Pass as compared t o  t h e  smal l  

spur ridge extending t o  the  southeast. The s t r i k e  of the 

limestone beds west of the fault line parallel the trend 

of the main ridge. Eaat of the fault l i n e .  however, the 

s t r i k e  a b r u p t l y  s h i f t s  t o  the SSE, differing from the 

attitudee on Windy Paas by about 45' ( f i g .  31). 

'fie contact between the l imes tone  and the volcanics 

p a r a l l i n g  Bear Valley is  quite sinuoue.  The s t r i k e  of the 

steeply clipping limestone beds however is q u i t e  uniform. 

The limestone I n  places strikes direct ly  i n t o  the  contact. 

The same discordance  is even more apparent i n  t he  n o r t h e r n  

portion of the  a r e a ,  a long  the weat f l a n k  of Fossi l  Creek 

r i d g e .  A t  one l o c a l i t y  i n  the n o r t h  pa r t  of the area a 

sandstone Lnterbed i n  t h e  volcanics is truncated by the 

contact. 

A l imes tone  fault breccia occur6 l o c a l l y  along t h e  

vo lcan ic - l imes tone  contact zone. 

Isolated limestone blocks in the c e n t r a l  p o r t i o n  of 

the mapped area ( p l .  1) are smal l  k l i p p e n ,  underlain by 



a gent ly  dipping thrust fault (fig. 32). 

Faul t  "E"  

Descript ion and Location. -- Fault "EM is  a high 

angle reverse f a u l t  that extends nearly t he  e n t i r e  l eng th  

af t h e  mapped area, and is essentially p a r a l l e l  w i t h  the 

structural t rend ( p l .  4 ) .  Fault "E" follows very cloeely 

t h e  t r end ,  and i n  some cases is overlapped by fault "D" 

i n  the southern par t  of the area. At Bear Pass, however, 

it swlngs northward away from fault "D" and crosses t h e  

crest of F 0 8 f i i 2  Creek r idge  ( f i g .  3 3 ) .  The trace then  

extends on s l i g h t l y  west  of and p a r a l l e l  t o  t h e  c r e s t  of 

the  ridge. North of the wind gap, the fault divides into 

s e v e r a l  s p l i n t e r s ,  and i n  the extreme nor the rn  portion of 

the area it becomes obscure ( p l .  4 )  . 
Evidence.-- The followLng evidence suppor ts  the 

presence and location of fault "E" : 

The location and i n t e r s e c t i n g  nature of faults "D" 

and "E" adequately explain the sporadic  occurcnce of the 

cen t r a l  volcanic belt south of Bear Paas.  The repeated 

appearance of the voLcanics is apparent ly controllad by 

the  divergence of faults "DM and "E" . Where f a u l t s  'ID" 

and "E" overlap, the  voLcanLcs are n o t  exposed. 

North of Bear Pass, where the con tac t  crosses Fossil. 

Creek r idge ,  t he  l imestone adjacent t o  the contact is 

severely mylonit ized,  ind ica t ing  Fntense shear along the 



F i g u r ~  31. I:ooltinq south  t o e a r j s  -!incbr 3ass  from 
t h e  e a s t z r n  b i f u r c a t i o n  of F o s s i l  Creek r idge  
showing d i v e r r c n t  =rends on e i t h e r  s i d e  of f a u l t  113".  
3eds on left (?-?st)  s t r i k e  a p ~ r o , d n a t e l y  N 80' E, 
-.rhile beds on r l - h t  (west) s t r i k e  apq rox iaa t e ly  
M 50' E, 

Y q u r e  32 .  .A s n a l l  l i n c s t o n e  l c l i ~ p e  i n  t h e  c e n t r d  
nart of  t h e  a r e -  a s  viewed from t h e  no r the rn  Foss i l  
Creek r idge ,  The k l inpe  is  :mder la in  ty f qult ' I'Dy1. 

The v e r t i c a l  b3;ls s t r i k e  zyroximate ls r  IJ 550 E, 



contact. The myloni t lc  zone does not exceed a p p r m i i a t c l y  

3 0  feet in thickness, 

North of the wind yap the f a u l t  appears to become a 

zone of Irribricake thrust plates rather  than  a  s i n g l e  fault, 

as i n d i c a t e d  by s e v e r a l  small fault s l i c e s  of l imestone 

with the volcanics,  and discordancies Fn the a t t i t u d e s  

of t h e  beds w i t h i n  these blocks as compared t o  the a t t i -  

tudes ~f the  c ~ n t a c t s  ( f i g .  3 4 )  . 
F a u l t  "F" 

D e s c r i p t i o n  and Location.-- Fault "F" forms t h e  

s inuous  l h e s t ~ n e - v o l c a n i c  contact  along t h e  western margin 

of the  area. The f a u l t  d i p s  approximately 30 degrees do 

the southeast, and the trace p a r a l l e l s  the structural 

t r e n d  (pl. 4) . 
Evidence. -- The evidence supportFng fault "F" is 

as  fo l lows:  

1 s y n c l i n a l  axis parallels the northwest margin of 

the western l imestone belt. The east 1- of t h e  s y n c l i n e  

is  everywhere a t  l e a s t  f i v e  t h e s  t h i c k e r  t h a n  the  westexn 

L W  ( p l .  1 ,  and s t r u c t u r e  sections D-D' and E-E'). The 

west limb of t h e  s y n c l i n e  has been c n t i r e l y  eliminated 

'by f a u l t i n g  i n  some L o c a l i t i e s  ( f i g ,  35 and 3 6 ) .  

The volcanic  rocks along t h i s  contact display cata- 

c l a s t i c  t ex tu re s ,  which d i sappea r  a short d i s t ance  west 

of t h e  contact. The sheared and r e c r y s t a l l i z e d  v o l c a n i c s  

i n  the contact  zone d i s p l a y  a latent s c h i s t o s l t y ,  and at 



n. r 1 l , 3 r e  33, Looki?? n o r t h  from t h e e a s t e r n  
b i f u r c a t i o n  of Foss i l  Creek r idge  toward t h e  
nea r  v e r t i c a l  1Lmstone-volcanic contac t  
ad jacent  t o  peak 3973. The contact  is formed 
by f a u l t  "5".  

Fiz3r-e 34. Limestone blocks su r rw~nded  by 
volcaniLcs between t h e  northern F o s s i l  Creek 
r idge  and t h e  middle limes5one outcrou of 
the  :rzs",m r i  !-em 



Figure 35, ?anmanic v i e v  showin- f a u l t s  l l r ) f f ,  

IfEfl, and "C1f a s  viewed t o  t h e  S.? from tho 
middle. l imeston? o ! l t c r o ~  of t h e  west  r' clqe 
in thc: northern P o s s i l  Creek a rea ,  Note a l s o  
t h e  pos ' t i on  ~f t h e  i s o l a t e d  l i nes5one  blocks 
in t h ?  v o l c - n i c  ror:ks, 

F i ~ r e  36, "e t r a c e  o f  f a u l t s  "3" and " F I ~  
a s  v'eved t o  t h e  S-,i from n e a r  f o s c i l  l oca l i - t y  
F-L-RT~c. Vat: t h e  v s i t i o n  of  i s o l a t e d  l imestone 
blocks z.lrro7:n?e ! 5.7 v o l c ~ n ' c  rocks ,  



soate Eoca%it.ics ~ ~ p r o a c h  y r e e n s c n i s t  13c:iL's Bn ne ta -  

norphic  graclc. :>eared and I~recciated lLmcsto!los ar-. 2120 

common along t::ia contact. 

Descrfpt ion and loeation.-- In the southcastern nark  

of the area, a 'high angle reverse fault: is inferred along 

the southeastern s ide  of the eastern limestone ridge, 

which is  d e s i g i n a t a d  as f a u l t  " G " .  The fault apparcntl;. 

continues f o r  only: a short distance however, and the narth- 

ern and southern extents are obscure ( p l .  4 ) .  

Evidence. -- The f a u l t  is pos tu la ted  on the basis 

of the BoLlowfng evidence:  

Smal l  topographic depressions mark the trace of the 

fault where it crosses t w o  Limestone spurs.  ? small out- 

crop of pre-Middle Ordovician metamorphic rocks occurs 

in one of these depress ions .  T h i s  small outcrop rcp- 

resents a small imbr i ca t ion  which was dragged up a long  

the  fault. by the movement of the upper p l a t e  of limestone. 

I n t e r ~ r e t a t f o n  

Based on the structure aa interpretated (11. 11, 

three relative periods of faulting are postulated: 

F a u l t  " C "  accurcd before f a u l t  "D"; f a u l t  "B" occured 

between faults ' C "  and "" .. " ; fault " : " iba~ l  l a t c r  than both 

faults " C "  and "3". 'I?lat ' ,C "  was the  earliest f a u l t  Fs 

indicated by a small limestone klippc produced fault 



" 3 "  . that overlies k::e tracc of f a u l t  "C!" (structure section 

-. - ;  ' ) . That f a u l t  "3" was earlier khan fault :'::': is 

i nd ica ted  in s t r u c t u r e  sec t ion  C - C ' ,  where fau1.t '?:'I 

can Se seen  to t r a n s e c t  the l a rges t  sf the  Ehes tone  

lc l ippe  produced 5.1 f a u l t  ' a" .  F a u l t s  "13" and "DM may 

be the s a m e  fault, nerellj offset by fault "A"  ( s t r u c t u r e  

section C-C ' ) . F a u l t s  "E" , "F", and "G" are i m p o s s i b l e  

to date r e l a t i v e  t o  tke others. 

The y i e l d i n g  i n  all of t h e  f a u l t s  has been to t5e 

~ ~ o r t h w e s t .  Tl~e root zone of the thrust p la tes  must Lave 

been t o  t h e  e a s t .  T i t h e r  the  pre-bIiddle Ordoviciall has 

keen t h r u s t  t o  the w e s t  over t h e  root zone v;'nicl: Fs s t i l l  

p r e s e n t  a t  depth, o r  t h e  root zone has been c n t i s c l y  croded 

away. Because the  area t o  t he  east has probably been a 

p o s i t i v e  geanticline s i n c e  late Paleozofc time, the later 

cxpfana t ion  is favored. 

Tllc  exact  mechanism of faulting is d i f f i c u l t  co 

: ~ o s t u l a t e .  It docs not  appear however to be the r e s u l t  

sf the shearing of overturned folds. It is ?oosiblc  t h a t  

some movement occurred along the  surface of t h e  unconfomity  

'hetween the more resistant Fossil Creek Volcanico and the 

Less r e s i s t a n t  'Tolovana limestone. 

NO d e f i n i t e  age can be assigned t o  the f a u l t i n g  o the r  

t h a n  post-Middle Silurian. I t  is i n t e r e s t i n g  t o  note, 

however, a marked dif ference  i n  structural trend of the  

Devonian rocks to the  north. Whereas the S i l u r i a n  and 

o l d e r  rocks i n  the Fossil C r e e k  a r e a  trend N GO* E ,  t he  



0 Devonian rocks f a r t h e r  north trend approximately R 29 X. 

This discordance suggests the poss ib i lLty  t h a t  t h e  f olcling 

and EauLting a r e  Late S i l u r i a n  ( ~ a l e d o n i s n )  Ln age. 

Pagrne (1955) however, indicates three 3urassic and two 

Cretaceous ~rogenies In ALaaka. These may have had an 

effect on the s t ruc ture  of the Foss i l  Creek area, and thus 

is hposeible to date precisely the age of these thrust 

f a u l t s .  



GEOLOGIC 

The Foas i l  Creek area containu a very incomplete record: 

therefore most of ?:he geologic h i s t o r y  p o s t u l a t e d  5elow is 

based on a synthesis of the l i t e r a t u r e  concerning the geology 

of central and northern Alaska. Pa r t i cu l a r  use has been 

made of woxk by Mertie (1937) ,  C a d y ,  Wallace, Hoare, and 

Webber ( L 9 5 5 ) ,  T. G.  Payne and o t h e r s  (1952) ,  and T.  G. Payne 

(1955) . 
?!he o ldes t  rocks known in Alaska axe the q u a r t z i t e s ,  

rchis ts ,  gne i s scs ,  marbles ,  and amphibolites assigned to the 

Birch Creek schis t  sequence. These rocks axe considered by 

Mertfe (1937, p. 5 5 )  to be of early Precambrian age. The 

presen t  rocks are  ?he metamorphosed equivalents  of materials 

which are probably of marine origin and include arenaceous, 

aryilbaeeous, and calcareous sediments. Xmphibolites axe 

believed t o  be the metamorphic equivalent of i n t e r c a l a t e d  

basic volcanic s i l l s  o r  flows i n  t h e  section. An orogeny 

which followed t h i n  i n i t i a l .  period of sed imenta t ion  in tense ly  

deformed and synk inana t i ca l ly  metamorphosed the  sequence. 

Intrusion of granitic rocks poss ib ly  a l so  occurred. 

Little detailed work had been done on the s t r u c t u r e  and 

petrology of t h e  Birch Creek s c h i s t  until r ecen t l y ,  bu t  in-  

vestigations by Forbes (1960, p. 2085) i n d i c a t e  that these 

rocks may have been subjected t o  t h e  effects of a t  l e a s t  t w o  

periods of orogeny. Following the f i n a l  per iod  of orogeny 



the sequence was orobably u p l i f t e d  and subjected t o  a long 

p e r i o d  of sub-aerial 3rosLon ( X c r t i c ,  1337, 2 .  2 3 C )  . 
In latest --rccamurian o r  Early C - r i a n  time a nokilc 

t ec tonic  b e l t  dcvc.lspcd botween the stab3.e c o n t i n e ~ t a l  p l a t -  

E a r n  in n o r t h e r n  llaska and t h e  Pacific Ocean floor. The 

carbonates, a r g i l l a c c o u o  sediments, q u a r t z i t e s ,  and a l t c red  

vsLcanics of the  T i n d i r  group were the  e a r l i e s t  u n i t s  de- 

p o s i t e d  i n  t h i s  b e l t .  According t o  Mertie (1937, 2 .  34) 

between 20,000 2nd 25, :OG f e e t  of ' r l n d i r  n e d h e n t s  were de- 

gor~ ited i n  an apparently continuous sequence. Because rocks 

of the Tfndi r  group a re  apparent ly  u n f o s s i l i f c r o u s ,  and t he  

o l d e s t  dated rocks in the r eg ion  are  Middle Cambrian Fn age, 

it is not poss f i l e  t o  determine whether t he  T i n d i r  group is 

late Precambrian, Early Cambrian, o r  both. Mertie (1337, p. 

G 4 )  and cady and o the r s  ( 1 9 5 5 ,  p .  101) favor a l a t e  Psecarn- 

3rLan age. 

A large  p o r t i o n  of the c l a s t i c  n a t e r i a l  of t k s  T t n d i r  

group sediments tsas probably t r a n s p o r t e d  southward fxoin t h e  

stable landmasu in nor thern  Alaska (Cady, 1 9 5 5 ,  p. 1C3) . 
Volcanic activity occurrcd i n t e r m i t t e n t l y  during depos i t ion  

of the T i n d i r  group, b u t  appa ren t ly  the group was not deform- 

ed, as marine Cambrian s t r a t a  o v e r l i e  it with structural 

conf a m i t y .  

B y  early Paleozoic t h e  n ~ r t h e r n  l i laska was apparent ly 

a stable lowland area c o n s i s t i n g  of a shelf and perhaps part 

of the cra ton:  Fn te r io r  and western .Alaska was a miogcosyn- 

cline, and ~outhern and southeastern Alaska w e r e  loca ted  i n  t h e  

eugeosynclinc ( f i g ,  3 7 ) .  
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T h e  Yukon-Tanana reglon w a s  located i n  the  miogcosyn- 

c l i n a l  t e c t o t o p e  d u r i i ~ g  ca r  L- Pa1eozol.c t h e .  ~ ~ c c s r 2 i n g  t o  

Payne and o t h e r s  (1951, sheet 3 ) ,  at Least 2 C , 3 0 0  fset ~f 

marine sediments of Cambrian, Ordovician, and S i l u r i a n  ages 

were deposited, T h e  Cambrian u n i t s  a re  dominantly 1L:ncstone 

with minor in te rca la tFons  of b lack  shale, T h e  Ordovician 

rocks include l imestone,  black s h a l e ,  eherts , quartzose sand- 

s tones ,  and, atypical Q,. f o r  t h i s  belt, the  b a s i c  volcanic 

rocks which occur i n  the F o s s i l  Creek area. T h e  Silurian 

rocks axe e n t i r e l y  a carbonate sequence. 

R period of d e f o m t i o n  and metamoqhism followed the  

depos i t ion  of the sediments which formed the  pre-Middle Ordo- 

vician sequence, The ext rus ion  of the Fossil C r e e k  volcanic  

rocks occurred after t h e  main pu l se  of this deformation and 

may represent a Late stage i n  the orogeny. Mertie has sug- 

~ e s t e d  tha t  the Fossil Creek volcanics  are  marine, but the 

w r i t e r s  Eowd no evidence which proved this. There occurred 

a temporary break during the extrusion of t h e  volsanFcs dur ing  

vhi.ch a calcareous sandstone member tras depos i ted .  This u n i t  

possibly represents a beach o r  near-shore bar i n  which t h e  

source m a t e r i a l  waG nearby quar t z  r ich rocks of t h e  pre-Middle 

Ordovician sequence. 

T h e  source of t h e  ea r ly  Paleozoic  sediments deposi ted 

i n  the rniogeosyncline w a s  probably the  stable landmass which 

e x i s t e d  i n  nor thern  ilaska. The early Paleozoic s e d h e n t s  

t h i n  northward onto t h e  s h e l f  where carbonates  a re  the  pre- 

dominant type, and the total th ickness  of Cambrian, Ordovician, 



and S i l u r i a n  sediments nownere exceeds 5000 feet (Pavne and 

o t h e r a ,  1351, sheet 2 ) .  

During dcpos itf on of the  S i l u r i a n  ca rbona tes ,  the  r e g i ~ n  

must ilave been very stable. 'The Tolovanit and equivalent u n i t s  

extend eastward from the Bering Sea across Alaska,  into 

Canada, and ?robably Fnto the Cordilleran area sf the United 

Sta tes  ( f i g .  18) . The lack of quartz o r  other d e t r i t a l  mater- 

i a l  i n  t h i s  l imes tone  shows that t h e r e  was no c l a s t i c  sedi -  

mentary t r a n s p o r t  from t h e  nor thern  stable area southward Fnto 

t h i s  area of t h e  miogeasyncline dur ing  Niagaran time. The 

lack  of mechanically transported material may have been due 

to: (1) lack of currents strong enough to transport detrital 

material; (2) an extrmely low Lying source  area on which 

almost no mechanical wea ther ing  was taking p l a c e  s o  that there 

was practically no detrital material available; (3) there was 

no quartzose material a v a i l a b l e  i n  the  eource area; or  ( 4 )  the 

F o s s i l  Creek area was on a loca l  high and mechanically trans- 

ported  sediment^ Lypassed it. This problem cannot 3e resolved 

without: more d e t a i l e d  petrographic studies of S i l u r i a n  rocka 

in o t h e r  areas. 

Ilurl.ng Late S i l u r i a n  o r  Early Devonian t h e  the region 

was again deformed, and possibly u p l i f t i d ,  b u t  apparently 

no p lu tone  were emplaced a t  t h i s  time (Payne and others,  1952, 

sheet 3 )  . 
I n  late Paleozoic  t h e  the  eugeosyncl ina l  belt migrated 

northward u n t i l  by the end of Paleozoic time it had reached 

the present p o s i t i o n  of the s o u t h e r n  f l a n k  of the  Brooke Range 



(Paync and o thers ,  1 3 5 2 ,  sheet  3 )  . The rniogeosynclhe vms 

r e s t r i c t e d  t o  the region r.sw occupied by t h e  Brooks M g e  

and the Southern '.rctLc F o o t l ~ i l l ~  (fig. 331, and t h e  shelf 

wan restr icted to the northern -\retic slope.  Is m i g n t  Ise 

expected, a northward s11if.t: with t h e  of basic i n t r u s i o n  and 

volcanism accompanied the migra t ion  of t h e  eugeosyncline 

(Cady and o the r s ,  1355, p. 18). 

During l a t e  PaEcozoic time the F o s s i l  Creek area was 

located i n  a eugeosync l ina l  t e c t s t o p e .  Deposition was marine 

except far local 2ennsy lvanian  c o n t i n e n t a l  deposits. Tke 

Devonian, Mississippian, and Permian sediments include lime- 

stone,  eha le ,  chert, guartzose sandstones,  conglamerate, and 

basaltic flows and tuff. Lack sf sediments wit11 t h e  chxac-  

terist  ic m i n e r a l o n  of gsaywaekcs suggests generally wealc 

tectsnfsm during L ~ t o  Faleozoic  t h e  (Payne and others ,  13511, 

sheet 3). An epeiragenic break is indica ted ,  however, between 

Missfss ippian and Penn~ylvan ian  o r  younger rocks by t h e  local 

Pennsylvanian con t inen ta l  deposits. 

During Mesozoic tfmo l i n e a r  troughs, which probably se- 

ceived sediments from ad jo in ing  i s l and  arcs, were developed 

i n  tho eugeosynclbne. Due to insuf f ic ien t  evidence,  it Ls 

difficult to del ineate  the actual  land and sea -as during 

T r F a s s  i c ,  Jurassic,  and Early Cretaceoue time. However, gray- 

wacke sandstone, pyroclarutics,  submarine vo lcan ics ,  and chert 

were wide ly  deposited. It is possible that the Yukon-Tanana 

region was submerged during Tr i a s s i c  t h e ,  but Payne and others 
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( 1 3 5 2 ,  sheet 3 )  khink t h a t  by :Turassfc t l m e  m a  .l: of the 

region between the Alaska and t h e  Brooks Ranges was emergent. 

Payne ( 1 9 5 5 )  i n d i c a t e s  t h a t  three L7urassFe orogenies occurred 

Fn .?laska and were during post-Bathonian, p o s t  CallovFan, and 

pout Por t landian  t h e .  T h e  f i r s t  phases of p l u t o n i s m  of 

b a t h o l i t h i c  d h e n s i o n s ,  and minera l i za t ion  of the Yukon-Tanana 

region possibly occurred during one or mare of t h e s e  o r q e n i e s .  

In Eaxly Cretaceous t h e  considerable th icknesses  of 

marine sediments and volcanics were depoei ted  i n  the Yukon- 

Tarlana region.  This s e d h e n t a t i o n  was terminated i n  Albian 

time by an episode of in tense  orogeny accompanied 'by t h e  em- 

placement of g r a n i t i c  bodies of batholithic s c a l e .  

During Albian t h e  t h e  eugeosyncline became differentiated 

i n t ~  def inab le  positive and negative areas (Payne and others, 

1951) , Three mjor ant ic l ines  were formed which plunged south- 

ward as f i n g e r - l i k e  pxoj ec t ions  i n t o  southwestern Alaska (fig, 

5). The n o r t h 9 r m o s t  of these was the Ruby g e a n t i c l i n e .  I t  

wae separa ted  from the Tanana geanticline by the KuskoktlJLm 

geosyncl i n e  , The Alaska Range geosyncl ine separated the  

Tanana and Talkeetna gean t i c l ines .  

During late Cretaceous t h e  t h e  'lukan-Tanana region was 

located for  the most p a r t  on t h e  Tanana g e a n t i c l i n e ,  which 

may be traced from the eastern part of the Kuskokwh region 

northeast-ward to central Alaska, and thence eastward into  

Canada. 

These p o s i t i v e  and negative r eg ions  w e r e  malmtahed 

throughout late Cretaceous t h e  and into the  early T e r t i a r y ,  



I cco rd ing  t o  Cady and others (1955, 2 .  192) , ths  Ruby geantb- 

c l i n e  was u p l i f t e d  rapidly during the ear ly  >art of Late 

Cretaceous t h e ,  :jut the rate of u p l i f t  reversed during later 

Cretaceous time. During Late Cretaceous t h e  over 20 ,600  Ecet 

of c l a s t i c  sediments were depos i ted  i n  t he  Kuskokwh and 

Kayukuk troughs (fig. 5 ) .  The Kuskokwh geosynclinal.  aedisaents 

probably include t h e  b e l t  s f  Cretaceous rocks which now crop 

out fn the  Yukon-Tanana r eg ion  from Manley H o t  S p r i n g s  east  

t o  the b t e r n a t f o n a l  boundary. Sources of the  c l a s t i c  s e d i -  

ments in t h e  I<uskskwh and KgTukuk troughs w e r e  the early 

Brooks Range, t he  Ru3sy g e a n t i c l i n e ,  and t h e  Tanana geanticlfne 

which probably contributed material to t h e  Alaska Range 

geoayncl h e .  

The Yukon-Tanana region was further affected by Late 

Cretaceous orog~niss which, although i n t r u s i o n ,  l o c a l  low 

grade rnetamorphFsrn, and u p l i f t  occurred, were less i n t e n s i v e  

than  the Early Cretaceous orogeny. Local arches were d e v e l ~ p e d  

along t h e  axis of the Kuskokwim geosynclinc r e s u l t i n g  Ln ero- 

s i o n  of much of the  Mesozofc and Paleozoic sedimentary cover 

f x ~ m  local areas. The Foss i l  Creek area is loca ted  on one of 

these arches, which probably e x p l a h s  the lack of upper Paleo- 

zoic, Mesozoic, and Cenozoic deposi ts .  

By ear ly  Tertiary t h e  most of i n t e r i o r  Alaska w a s  above 

sea level  and nomarine  sedimentary rocku, inc luding  shale, 

sandstone, eonglcrmexate, and coal were deposited in l o c a l  

ba~ine fn the i n t e r i o r .  Volcanism occurred i n t e r m i t t e n t l y  



during Ter t i a ry  time and cont inued i n t o  the 2ccent. T h e r e  

is no evidence for c3itker T e r t i a r j  sedfinentation or volcan- 

i s m  in the  Fossil Cxeek area. 

Fur ther  up lFE. t ,  2 au l t  fng , and e ros ion  'lave occurred 

during QuaternaFd* t h e  and g l ac i a t ion  occurred on the higher 

mountain peaks during the Pleistocene epoch. Evidence f o r  

pre-Wisconsin g l a c i a t i o n  is p r e s e n t  fn the Foss iE Creek area. 



CONCLUSIONS 

The pre-MiddLr3 Ordovician sequence of the Fossil Creek 

area i n c l u d e s  ~ L f g l ~ t L y  recrystallized t o  lower medium grade 

metamorphic rock derived of argillaceous, quartzoae, carbonate ,  

and vo lcan ic  p a r e n t  rocks. Fragmentary evidence suggeats 

that t h i s  sequence has been subjected to at l eas t  two periods 

sf fo ld ing .  Late Cambrian or Early OrdovFcian f o s s i l s  were 

found '3yy e a r l i e r  workers i n  slates belonging t~ t h i s  sequence. 

These f o s s i l s  and the overlying unmetamorphosed middle Ordo- 

v i c i a n  volcanic  rock^ i n d i c a t e  that the Latest orqesly which 

metamorphosed thcsc rocks was probably Early Ordovician (Early 

Gal-sdonian) . 2nomalics i n  metamorphic grade i n d i c a t e  that 

the sequence may include rocks of t w o  d i f f e r e n t  ages. 

The Middle Crdovician Foas  il Creek volcanics  include py- 

r c x l a a t i c  , flow, and sedimentary rocks. This  sequence uncon- 

fomably ovcrlies t he  pre-Middle OrdovicFan rocks. 

T h e  hliddle S i l u r i a n  (~iagaran) Tolovana carbonates  were 

deposited i n  a sha l l ow  marine enviromnent under t e c t o n i c a l l y  

s t a b l e  conditions, The lower par t  is dominantly chemical or 

biochemical, bu t  t he  upper, and pred~minantly a l lochmica l  por- 

tion, is believed ts be the r e s u l t  s f  wave o r  c u r r e n t  act ion 

in an area of weakly consol ida ted  carbonate sediments. Scat- 

tered occurrences of f o s s i l  reef b u i l d i n g  organisms i n d i c a t e  

t h a t  a t  least  p a r t  of the  Tolovana l imestone is of organic 

origin. 



Quaterriary deposits Fnclude r e s i d u a l  m a t e r i a l  and stream 

al luvium on which f e a t u r e s  i n d i c a t i v e  of a p e r i g l a c i a l  climate 

are developed. No morainal  d e p o s i t s  are  recognized ,  b u t  s m a l l  

I l l i n o i a n  ( ' ? I  c i rques  a r e  p r e s e n t .  

Plutonic i n t r u s i v e s  i n c l u d e  q u a r t z  monzonitcs and gabbros. 

Granod io r i t e  and a l t e r e d  b a s i c  dikes also occur wi th in  the 

area. The ac id i c  fn txus ions  are d a t e d  as  post-Silurian, and 

t h e  basic intrusions are  dated a s  Middle or post-Middle Ordo- 

v i c i a n .  

T h e  w r i t e r s  have recognized three major folds i n  t h e  Fossil 

Creek area:  a s y n c l i n e  i n  the  western l h e s t o n e  be l t :  a second 

s y n c l i n e  i n  t h e  no r the rn  half of the e a s t e r n  l imestone b e l t :  

and a scwthwest pl.unging anticline i n  the extreme n a t h e r n  

portion of the axca .  

Seven major reverse and/or thrust f a u l t s  are bel ieved t o  

be p r e s e n t .  R e l a t i v e  displacement  a long  a l l  f a u l t s  i a  c o n t r o l -  

led 'by yielding to the  northwest. The r o o t  zone of t h e  t h r u s t  

p la tes  must  have been loca t ed  to t k e  east. Such a root zone 

has  n o t  been found, however, and it i s  deduced t h a t  t hese  rocks 

have been removed by u p l i f t  and subsequent e r o s i o n  to the east.  

A marked d i f f e r e n c e  i n  t r e n d  of Devonian and S i l u r i a n  rocks 

i n  the  Yukon-Tanana upland sugges t s  the  presence of a r e g i o n a l  

unconforn i ty .  The fo ld ing  and probably t h e  faulting i s  Late 

S i l u r i a n  (Caledonian) .  However, c u r r e n t  t e c t o n i c  t r ends  and 

e x i s t i n g  s t r u c t u r e s  have undoubtedly been in f luenced  by Juras- 

s i c  and Cre taceous  o r sgen ie s .  
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