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Chemistry, mineralogy, and K-Ar ages of igneous and metamorphic 

rocks o f  the  Medfra quadrangle, Alaska 

By E. J. Mol l ,  M. L. Silberman, and W. W. Patton, J r .  

This repo r t  discusses chemical analysis and potassium-argon (K-Ar) age 
determinat ions f o r  the igneous and metamorphic rocks o f  the Medfra 
quadrangle. These chemical and i so top i c  studies were ca r r i ed  out as p a r t  of 
the A1 aska Mineral Resources Assessment Program (AMRAP). A p re l im ina ry  
geologic map which provides de ta i l ed  descr ipt ions o f  the  igneous and 
metamorphic u n i t s  i n  the Medfra quadrangle has been released i n  open-f i l e  
(Pat ton and others, 1980). A general ized version o f  the pre l im inary  geologic 
map accompanies t h i s  repor t .  

CHEMISTRY AND MINERALOGY OF THE IGNEOUS ROCKS 

Representative samples o f  a l l  the igneous rock u n i t s  i n  the Medfra 
quadrangle were analyzed f o r  major elements by X-ray fluorescence (XRF) i n  the 
labora tor ies  o f  the  U.S. Geological Survey i n  Menlo Park and Denver. 
Minera log ica l  s tudies by t h i n  section petrography, modal gra in  counts, and X -  
r ay  d i f f r a c t i o n  were conducted by the senior author. 

Most vo lcanic and p lu ton i c  rocks i n  the Medfra quadrangle are Late 
Cretaceous t o  e a r l y  T e r t i  ary i n  age. I n  addit ion, small bodies o f  gabbro and 
diabase o f  uncer ta in bu t  probably o lder  age are found i n  the east and 
northwest pa r t s  o f  the quadrangle. 

Late Cretaceous-early T e r t i a r y  Igneous Rocks 

Late Cretaceous-early T e r t i  a ry  volcanic, hypabyssal , and p l u t o n i c  rocks 
ranging i n  composition from mafic t o  f e l s i c  occur throughout the Medfra 
quadrangle. These rocks are d iv ided i n t o  s i x  map un i ts :  1) maf ic  and 
in termediate lava  f lows of the  Nowitna River  area (TKn, TKnr), 2 )  volcano- 
p l u t o n i c  complexes (TKc, TKcm), 3 )  g ran i te  (TKg), 4 )  monzonite (TKm), 5 )  
f e l s i c  and in termediate s i l l s ,  dikes, flows, and plugs o f  the Nixon Fork-upper 
Sulukna R iver  area (TKv), and 6 )  f e l s i c  f lows and domes o f  the Sischu 
Mountains (TKs) . Despite the d i v e r s i t y  o f  rock types and occurrences, 
chemical data f o r  the e n t i r e  quadrangle, when p l o t t e d  on s i l i c a  v a r i a t i o n  
diagrams, show broad trends o f  major elements. CaO, MgD, FeO* ( t o t a l  Fe as 
Fa), Ti02, and A1 O3 decrease, K 0 increases, and NaZO remains about constant 
w i th  increasing S i  6 2 (Fig. 1). ~ t e r e  cmpos i  t i o n a l  v a r i a t i o n  and avai 1 able 
data are s u f f i c i e n t  t o  define trends, p l o t s  of data from ind i v idua l  centers 
show more l i n e a r  trends and less  sca t te r  than p l o t s  o f  data from the  e n t i r e  
quadrangle (Figs. I, 11, and 111, sheet 2). However, data from the volcano- 
p l u t o n i c  complex (TKc, TKcm) and the volcanic rocks of Sischu Mountains (TKs) 
show considerably more sca t te r  than data from other centers, probably due t o  
rock a1 t e r a t i o n  i n  these areas. 

Although the  e n t i r e  Medfra c a l c - a l k a l i c  s u i t e  i s  K-r ich, K20 var ies 
considerably from center t o  center (Figs. I, 11, 111). For example, a t  56.5 
percent Si02, K20 averages 1.4 percent i n  p lu ton i c  rocks a t  Stone Mountain 
versus 3.2 percent i n  p lu ton i c  rocks a t  Von Frank Mountain. On the bas i s  of 



K20 contents the  Medfra s u i t e  can be divided, by an a r b i t r a r y  l i n e ,  i n t o  lower 
and h igher  K 0 groups. The p l u t o n i c  rocks a t  Von Frank Mountain, Nixon Fork, z and upper Su ukna are i n  the  higher K 0 group; p l u t o n i c  rocks a t  Stone Z Mountain, Sunshine Mountain, West For , Meadow Creek, and the  Nowitna volcanic 
rocks are i n  the lower K20 group. Samples from the volcano-plutonic complexes 
overlap the  higher and lower K 0 f i e l d s ,  although most po in t s  p l o t  i n  the  
higher K 0 f i e l d .  Data from o her centers are i n s u f f i c i e n t  t o  character ize Z e 
them on he basis of K20 contents. 

Other major elements t h a t  show geographic v a r i a t i o n  are CaO and NapO. 
CaO concentrat ions a t  a given S i O Z  content are s l i g h t l y  h igher  i n  the Nowitna 
volcanic rocks, and i n  p l u t o n i c  rocks from Stone Mountain and Whirlwind Ridge, 
and re1  a t i  ve ly  1 ower i n  p l u t o n i c  rocks from Von Frank Mountain and Nixon 
Fork. CaO data on rocks from the volcano-plutonic complexes overlap the 
higher and lower CaO f i e l d s .  

P l o t s  o f  Na20 vs, Si02 show more sca t te r  than other  major element p lo ts ,  
probably due i n  p a r t  t o  postdeposi t ional  a l t e ra t i on .  I n  most areas Na20 shows 
no c lea r  separat ion from center t o  center.  However, Na 0 i s  genera l l y  lower 
i n  the  volcano-plutonic complexes than i n  rocks from o t  5 er  areas. Lower Na20 
i n  the complexes may be e n t i r e l y  due t o  postdeposi t ional  a l t e r a t i o n  but  the 
constancy o f  the  lower values suggest t h a t  it may be, i n  par t ,  primary. 

Most other  major elements show l i t t l e  o r  no c lea r  geographic var ia t ion .  
However, T i02 i s  s l i g h t l y  lower i n  rocks from Von Frank Mountain than i n  t he  
Nowitna volcanic rocks and FeO* i s  s l i g h t l y  higher i n  rocks from the volcano- 
p l u t o n i c  complexes than i n  rocks from other areas o f  the quadrangle. 

On the basis o f  the chemical data we d i v ide  c a l c - a l k a l i c  rocks of the 
Medfra quadrangle i n t o  three groups: Group 1 consis ts  o f  t he  Nowitna volcanic 
rocks and p l u t o n i c  rocks a t  Stone Mountain, Sunshine Mountain, Meadow Creek, 
and West Fork; Group 2 consis ts  o f  rocks a t  Von Frank Mountain and Nixon Fork; 
and Group 3 cons is ts  o f  the volcano-plutonic complexes. Other areas i n  the  
quadrangle have i n s u f f i c i e n t  data t o  be c l e a r l y  grouped. The f i r s t  group has 
lower K 0 and higher CaO than the  second group. The t h i r d  group has lower 
NaZO an ?I higher FeO* than the  f i r s t  two groups. 

The o r i g i n  o f  these chemical groups i s  unknown. Most rocks i n  Group 1 
are nor th  and ( o r )  west o f  the rocks i n  Group 2, Group 3 rocks l i e  i n  the 
southwest corner o f  the quadrangle. However, the l o c a t i o n  of the chemical 
groups does not co inc ide w i t h  known terrane boundaries or appear t o  r e f l e c t  
di f ference i n  the country  rock. 

Volcanic rocks o f  t he  Nowitna River  area (TKn) 

The volcanic rocks o f  t he  Nowitna R iver  area (TKn) are composed o f  a p i l e  
a t  l e a s t  1,500 m t h i c k  o f  high-K andesite and subordinate b a s a l t i c  andesite 
f lows ove r la in  by a few small r h y o l i t e  domes. The volcanic p i l e  forms a 
gen t l y  fo lded nor theast- t rending syncl ine i n  the northwest p a r t  o f  the 
quadrangle. Flows are usua l l y  columnar jo inted,  15 t o  30 m th ick ,  and have 
tops marked by h i g h l y  ves icu la r  and ( o r )  red  scoriaceous zones. The main body 
o f  the  1 ava f lows i s  gray t o  black, has lense- l i ke  f low banding, and weathers 
i n t o  p l a t y  or  blocky rubble. 



One and two pyroxene andesite i s  the most common rock type and can be 
d iv ided i n t o  two t e x t u r a l  groups--those w i t h  t r a c h y t i c  groundmasses and those 
w i t h  intersertal/intergranular groundmasses. Rocks w i t h  t r a c h y t i c  
groundmasses usua l l y  have sparse phenocrysts, but phenocrysts may c o n s t i t u t e  
up t o  20 percent o f  the rock. Where present, phenocrysts cons is t  of 
p l  agi oc l  ase, c l i  nopyroxene, Fe-Ti oxide minerals, and orthopyroxene. 
Plagioc lase phenocrysts are normal ly and o s c i l l a t o r y  zoned and may have up t o  
s i x  repeats o f  the  same composition i n  a s ing le  grain. I n  addi t ion,  many 
p lag ioc lase gra ins conta in composi t ional ly  zoned concentrat ions o f  glass 
inc lus ions.  Some o f  the  " t r a c h y t i c "  samples have brown streaky flow 
banding. Groundmasses are composed o f  abundant a1 ined p l  ag ioc l  ase mic ro l  i tes, 
sca t te red  Fe-Ti oxide minerals, granul ar pyroxene, and K-feldspar. 
I nte rse r ta l / i n te rg ranu l  ar rocks are markedly p o r p h y r i t i c  and some samples 
conta in p lagioc lase phenocrysts up t o  1 cm long. Phenocrysts i n  these rocks 
are approximately the same as i n  the  t r a c h y t i c  group except f o r  the absence o f  
orthopyroxene i n  sane o f  the  intersertal/intergranular samples. The 
groundmass i s  composed o f  general l y  unoriented p l  agioc l  ase mic ro l  i t es ,  
granular pyroxene, and dark glass. Complete gradat ions e x i s t  between 
t r a c h y t i c  and i n t e r s e r t a l / i n t e r g r a n u l  ar types and many h i g h l y  p o r p h y r i t i c  
basal t s  have s l i g h t l y  a l ined p l a g i o c l  ase 1 aths. 

Rhyo l i t e  domes are composed o f  a l t e red  p l a t y  r h y o l i t e  t h a t  contains 
sparse quar tz  and a l t e red  fe ldspar  phenocrysts i n  very f i n e  grained 
d e v i t r i f i e d  groundmass. 

O f  seven chemical analyses on the Nowitna volcanic rocks, f i v e  are h i g h 4  
andesites, one i s  a b a s a l t i c  andesite, and one i s  a r h y o l i t e .  The maf ic  and 
in termediate rocks are chemical ly and m ine ra log i ca l l y  s i m i l a r  to,  but  less 
a1 te red  than, the high-K andesi tes  from the vol cano-pl u ton ic  complexes (TKc, 
TKcm). The r h y o l i t i c  sample i s  h i g h l y  a l t e red  and contains about 85 percent 
Si02, 10 percent A1203, and 5 percent H2O. 

Maf i c  and intermediate volcano-plutonic complexes (TKc and TKcm) 

Volcano-pl u ton ic  complexes, composed o f  h i  gh-K andesi t e  f 1 ows, t u f f s ,  and 
s h a l l  ow hypabyssal rocks (TKc) in t ruded by small g r a n i t i c  stocks (TKcm), occur 
i n  the southwest p a r t  o f  the Medfra quadrangle a t  Page Mountain, Cloudy 
Mountain, and A1 one benchmark. These canplexes c o n s t i t u t e  the northern end o f  
a be1 t o f  a t  l e a s t  seven complexes t h a t  extends southwestward over 250 km from 
Page Mountain i n  the  Medfra quadrangle t o  Horn Mountain i n  the  S l e e t m u t e  
quadrangle. 

The complexes appear t o  be bounded by f a u l t s  and are downdropped i n t o  the 
surrounding Cretaceous sedimentary rocks. A t  several wel l  exposed l o c a l i t i e s  
a t  Cloudy and Page Mountains, columnar-jointed f lows d i p  gen t l y  towards the 
center of the  complexes. Volcanic rocks i n  the complexes are a l t e red  t o  
ho rn fe l s  i n  the v i c i n i t y  o f  the g r a n i t i c  in t rus ions .  

Alone benchmark has the  smallest outcrop area o f  the  three complexes and 
i s  very poor ly  exposed, but aeromagnetic data (Patton and others, 1981) show 
t h a t  the complex extends beneath the sediment-f i 11 ed f l  at1 ands as a northeast- 
t rending, oval body a t  l eas t  twice as la rge  as i t s  present outcrop area. 



The most abundant rock type a t  Alone benchmark i s  dark p o r p h y r i t i c  
andesite, which consis ts  o f  l a rge  (0.5-1.0 cm) euhedral p lag ioc lase l a t h s  i n  a 
groundmass o f  sparse p l  agioclase needles, scat tered opaque minerals, and 
abundant black glass. A small monzonite stock a t  the benchmark consis ts  o f  
c h i e f l y  p lag ioc lase la ths,  p o i k i l i t i c  K-feldspar, and green t o  tan hornblende 
w i t h  subordinate b i o t i t e ,  Fe-Ti oxide minerals, cl inopyroxene, and quartz.  

Pyroxene andesite i s  a lso the most common rock type a t  Page and Cloudy 
Mountains, but  rocks from these two complexes have more t e x t u r a l  and 
minera logical  va r i  a t i o n  than rocks from Alone benchmark. Other rock types 
inc lude b i o t i t e  andesi te, hornblende andesi te, and minor daci t e  a t  Page 
Mountain, and 01 i v i n e  basalt ,  b i o t i t e  andesite, hornblende andesi te,  and minor 
dac i te  a t  Cloudy Mountain. The g r a n i t i c  core a t  Page Mountain consis ts  o f  B- 
type grani te,  granodior i te ,  and quar tz  montonite, and a t  Cloudy Mountain o f  
quar tz  monzonite and monzonite ( f i g .  3).  

Although volcanic and p l u t o n i c  rocks a t  Page and Cloudy Mountains are 
described and mapped separately, there i s  a complete t e x t u r a l  range from 
medium-grained (1-3 mm) hypidiomorphic granular g r a n i t i c  rocks t o  medium- 
grained p o r p h y r i t i c  hypabyssal rocks t o  medium- t o  f ine-grained p o r p h y r i t i c  
h o l o c r y s t a l l  ine, glassy, and t u f f  aceous volcanic rocks. I n  general, the 
p lu ton i c  rocks are s l i g h t l y  more f e l s i c  than the volcanic rocks. 

Volcanic rocks a t  Page and Cloudy Mountains are minera logical  l y  and 
chemical ly s i m i l a r  t o  vo lcanic rocks o f  the  Nowitna River  area (TKn), but  more 
a1 tered. They general 1 y cons is t  o f  p l  ag ioc l  ase and c l  inopyroxene phenocrysts 
and subordinate b i o t i t e ,  hornblende, orthopyroxene, and Fe-Ti ox ide 
phenocrysts. One sample from Cloudy Mountain has 5 percent o l i v i n e  
phenocrysts. Most o f  the volcanic and hypabyssal rocks conta in 5 t o  10 
percent a1 te red  maf i c minerals.  

The p l u t o n i c  rocks a t  Cloudy and Page Mountains are medium grained and 
range from p o r p h y r i t i c  t o  hyp id imorph ic  granular. P l  agioclase occurs as 
euhedral la ths .  K-feldspar occurs both as euhedral l a ths  and la rge  p o i k i l i t i c  
g r a i  ns encl osing p l  agi oc l  ase and other mi nerals. Maf i c  minerals i nc l  ude 
clinopyroxene, Fe-Ti oxide minerals, b i o t i t e ,  and r a r e  amphibole. Quartz  i s  
found i n  the  i n t e r s t i c e s  and i s  usua l l y  less than 10 percent o f  the  rock. 

Although chemical data from the complexes fa1  1 along the  same trends on 
major element v a r i  a t i  on d i  agrams as other  Late Cretaceous-earl y T e r t i  ary rocks 
from the Medfra quadrangle, the  data genera l l y  are more scattered, probably 
due t o  postdeposi ti onal a1 t e r a t i  on. 

Small g r a n i t i c  i n t rus ions  (TKcm) i n  the volcano-plutonic complexes a t  
Page Mountain and Cloudy Mountain have REE contents (Mol l ,  unpub. data) and 
K-Ar ages ( t a b l e  2)  s i m i l a r  t o  unal tered high-K andes i t i c  vo lcanic rocks (TKc) 
from the same complex. These data suggest t h a t  the  monzonites and h i g h 4  
andesi tes  are genet ica l  l y  re1  ated. 

Grani te (TKg) 

I n  the cen t ra l  and eastern pa r t s  o f  the Medfra quadrangle g r a n i t e  stocks 
occur i n  the  Te l i da  and Sunshine Mountains, and i n  the Meadow Creek, West 
Fork, and upper Sulukna R iver  drainages. The g ran i te  bodies are chemical ly 



and m ine ra log i ca l l y  homogeneous, and the Si02 content w i t h i n  a s i n g l e  body 
does not vary more than a f w percent. 

Grani te a t  Sunshine Mountains consis ts  o f  white t o  l i g h t - g r a y  medium- 
grained B-type g ran i te  composed predominantly o f  plagioclase, K-feldspar, and 
quartz. It genera l l y  contains 6-10 percent b i o t i t e ,  and very minor Fe-Ti 
oxide minerals, hornblende, apat i te ,  sphene, and zircon. The tex tu re  i s  
hypidiomorphic granular. 

Two i n t r u s i v e  bodies located about 7 km east o f  the Sunshine Mountains i n  
the  Meadow Creek drainage are chemical ly s i m i l a r  t o  the  Sunshine Mountains 
grani te,  bu t  are p o r p h y r i t i c  hypabyssal rocks instead o f  p l u t o n i c  rocks. 
Meadow Creek hypabyssal rocks conta in about 30 t o  40 percent phenocrysts o f  
zoned p l  agioclase, sanidine, quartz, hornblende, and b i o t i t e .  The groundmass 
consis ts  o f  i n t e r l o c k i n g  quar tz  and fe ldspar  c r y s t a l s  averaging 0.07-0.10 rnm 
i n  diameter. 

The p lu ton  i n  the West Fork drainage i s  very poor ly  exposed; outcrops are 
conf ined t o  sca t te red  la rge  boulders p a r t l y  bur ied i n  deep brush on a 
h i l l s i d e .  It appears t o  cons is t  c h i e f l y  o f  very coarse grained p o r p h y r i t i c  
B-type grani te.  The rock contains sparse but very 1 arge K-feldspar c r y s t a l s  
up t o  3 cm long, smoky quar tz  c r y s t a l s  t h a t  average 1 cm long, and zoned 
p lag ioc lase c r y s t a l s  1.0-1.5 cm long. K-feldspar, p lag ioc l  ase, and quar tz  
a lso occur as f i n e r  medium-grained "groundmass" c rys ta l s .  The rock a lso has 
about 10 percent p a r t i a l l y  c h l o r i t i z e d  b i o t i t e  and 1-2 percent Fe-Ti oxide 
minerals.  

The p lu ton  i n  the Te l i da  Mountains i s  A-type grani te.  It consis ts  of 
coarse 1-cm-1 ong euhedral K-spar c r y s t a l s  and medi um-grai ned anhedral K-spar, 
euhedral plagioclase, anhedral smoky quartz, and 2-8 percent rnafic minerals, 
most o f  which i s  b i o t i t e .  

A small stock of g ran i te  and syen i te  i s  in t ruded i n t o  lower Paleozoic 
carbonate rocks i n  the upper Sulukna River  drainage. The contact between the  
stock and the  carbonates contains abundant magnetite, diopside, tremol i t e ,  and 
c l i  nohumi e. Throckmorton and Patton (1978) described a small magnetite body J (11,600 m ) i n  the  contact zone. The g ran i te  and syen i te  both cons is t  o f  
subhedral t o  anhedral zoned p l  agioc l  ase, orthoclase, and quartz. Some o f  the  
l a rge  K-feldspar c r y s t a l s  have s t r i n g y  p e r t h i t i c  exsolut ion. Maf ic  minerals 
i n  the g r a n i t e  inc lude b i o t i t e ,  green hornblende, and co lo r less  
cl inopyroxene. The c h i e f  maf ic  mineral  i n  the syen i te  i s  pale-green 
cl inopyroxene which occurs c h i e f l y  along gra in  boundaries and i n  veins. The 
skarn deposits surrounding the  igneous body have abundant pale-green diopside 
and the  clinopyroxene i n  the  syeni te may be due t o  reac t ion  w i t h  the  carbonate 
rocks ra the r  than pr imary igneous clinopyroxene. This idea  i s  supported by 
the mapping o f  Throckmorton and Patton (1978) which shows t h a t  t he  stock i s  
c h i e f l y  B-type g r a n i t e  and t h a t  the syen i te  probably represents a hyb r id  
border phase. 

Monzoni t e  (TKm) 

A number o f  plutons composed c h i e f l y  o f  monzonite, quar tz  monzonite, 
monzodiorite, and quar tz  monzodiori t e  occur i n  the Medf r a  quadrangle ( f i g .  
4) .  The p lutans a t  Von Frank and Stone Mountains a lso conta in small bodies of 



monzogabbro and gabbro. Monzoni te ,  monzodiori te,  quar tz  monzoni te, and q u a r t t  
montod ior i te  genera l l y  conta in 25 t o  40 percent maf ic  minera ls  and 60 t o  70 
percent gray o r  whi te p lag ioc lase and K-feldspar.  K-feldspar usua l l y  occurs 
as 1 arge c r y s t a l s  s u b o p h i t i c a l l y  or o p h i t i c a l l y  enclosing p l  agioc l  ase 1 aths 
and maf ic  minerals. The most common maf ic  minera ls  are b i o t i t e ,  hornblende, 
orthopyroxene, c l  i nopyroxene, and Fe-Ti o x i  de m i  nera l  s. Monzogabbros conta i  n 
01 i v i ne ,  orthopyroxene, c l  inopyroxene, and more than 10 percent K - fe l  dspar. 
Gabbros conta in o r t  hopyroxene and c 1 i nopyroxene p lus  or  m i  nus 01 i v i  ne, 

Volcanic and hypabyssal rocks o f  the Nixon Fork-Sulukna R iver  area (TKv) 

Numerous small dikes, s i l l s ,  and plugs along w i t h  a small vo lcanic f low 
occur i n  t he  cen t ra l  p a r t  o f  the quadrangle between the  Nixon Fork Mine and 
the  upper Sulukna River .  A t  Mystery Mountains the u n i t  cons is ts  o f  a number 
o f  p a r a l l e l  northwest-trending s i l l s  and small plugs o f  h i g h l y  a1 te red  
r h y o l i t e ,  dacite, and trachyandesite. The s i l l s  and plugs are hydrothermal ly 
a1 te red  and comnonly conta in secondary s e r i c i  te, ca l c i t e ,  c h l o r i t e ,  
tourmaline, and muscovite. Large areas o f  hydrothermal breccia, composed o f  
fragments o f  a1 te red  volcanic rocks and sedimentary horn fe ls  cemented by 
tourmaline, crop out on the  southwest f l a n k  o f  Mystery Mountains (T. 23 S., R.  
22 E,). West o f  Cottonwood Creek volcanic rocks crop out as an oblong body o f  
a green t o  greenish-gray a l t e r e d  and ves icu la r  trachyandesite lava. West o f  
Shepherd Creek, the u n i t  i s  composed o f  small r h y o l i t e  and dac i te  hypabyssal 
plugs and domes. 

Hypabyssal rhyo l  i tes  cons is t  o f  3-10 percent phenocrysts o f  quartz,  
plagioclase, b i o t i t e ,  and r a r e  sanidine i n  a groundmass o f  quar tz  and 
fe ldspar .  Dacites conta in p l  ag ioc l  ase, hornblende, and b i o t i t e  phenocrysts i n  
a quar tz  and feldspar groundmass. Trachyandesi tes  conta in about 10 percent 
p l  agioclase and a1 te red  maf i c  minera ls  phenocrysts i n  a groundmass o f  
subpara l le l  p lag ioc lase la ths .  

Volcanic rocks o f  Sischu Mountains (TKs) 

S i l i ceous  volcanic rocks a t  Sischu Mountain form a th ick ,  poo r l y  exposed, 
broadly folded, nor theast- t rending sync l ine  t h a t  i s  f a u l t  bounded on the 
southeast side. Weathered r h y o l i t e  and daci t e  f lows and domes, w i t h  minor 
f e l s i c  t u f f s  and andesite dikes, are the predominant rock types. Most 
r h y o l i t e  and dac i te  i s  l i g h t  gray t o  p u r p l i s h  red  and has l ense l i ke  f l ow  
banding. The rocks are a1 tered, and i n  many o r i g i n a l  phenocryst and 
groundmass minera ls  are rep1 aced o r  r e c r y s t a l  1 ized. These extremely a l t e red  
rocks, termed f e l s i t e s ,  are canposed o f  76 t o  85 percent S i O  , 10-15 percent 
A120i, and about 5 percent H20. The mineralogy consis ts  o f  6 .1 mn i n d i s t i n c t  
1 ow- i r e f r i n g e n t  c r y s t a l s  o f  quar t t ,  feldspar, and probable k a o i i n i  te. 
R e l a t i v e l y  f resh samples have less  than 76 percent S i O  and about 7-8 percent 
t o t a l  a l k a l i s ,  They cons is t  o f  less than 10 percent p 6 enocrysts of quartz, 
sani dine, and p l  ag ioc l  ase. Most a1 so have a1 te red  maf i c  pseudomorphs a f t e r  
b i o t i t e ( ? )  and a small amount o f  Fe-Ti oxide mineral phenocrysts. The 
groundmass consis ts  o f  f i n e  i n t e r l o c k i n g  gra ins o f  quartz, fe ldspar ,  Fe-Ti 
oxide minerals, b i o t i t e ,  and ra re  pale-blue f l u o r i t e .  One sample has a 
p a r t i  a1 l y  glassy groundmass. 



Igneous rocks o f  uncer ta in age 

Small bodies o f  gabbro and diabase (KDg) are widespread throughout the 
east and northwest pa r t s  o f  the Medfra quadrangle. I n  the eastern p a r t  they 
i n t rude  lower Paleozoic carbonate u n i t s  (DOsl and DOld) , lower Paleozoic and 
Precambri an cher t  and p h y l l  i t e  (Pzc) and quar tz i te ,  g r i t ,  and a r g i  11 i t e  
(Pzpeq) un i t s .  I n  the northwest p a r t  o f  the quadrangle they crop out i n  rocks 
w i t h  oceanic- is land arc a f f i n i t i e s  i n  the cher t  and l imestone u n i t  (TPMc) and 
i n  the che r t y  t u f f ,  c r y s t a l  and l i t h i c  t u f f s ,  and volcanic b recc ia  u n i t  
( JW t ) .  Few data are ava i lab le  on the gabbro and diabase due t o  poor exposure 
and rock a l t e ra t i on ,  and t h e i r  age and c o r r e l a t i o n  are uncertain. I n  the 
eastern p a r t  o f  the quadrangle they i n t rude  lower Paleozoic s t r a t a  and 
there fore  cannot be o lder  than Devonian. I n  the  northwestern p a r t  o f  the 
quadrangle, poor exposures preclude a c lea r  understanding o f  the r e l a t i o n s h i p  
between these bodies and the  upper Paleozoi c-1 ower Mesozoic oceani c - i s1  and arc 
rocks. The gabbros and diabases may be p a r t  o f  the oceanic- is land arc terrane 
o r  they may be l a t e r  i n t rus ions  as young as Cretaceous. 

I n  the  northwest p a r t  o f  the quadrangle, two samples o f  diabase (nos. 37 
and 38) were co l l ec ted  w i t h i n  10 km o f  each other  along a st rong p o s i t i v e  
magnetic anomaly t h a t  trends northeast (Patton, Cady, and Mol l ,  1981). Rocks 
from both sample l o c a l i t i e s  are medium-grained p o r p h y r i t i c  diabases t h a t  have 
20-25 percent phenocrysts and i n t e r s e r t a l / i  n tergranul  ar textures. They are 
composed o f  p l  ag ioc l  ase 1 aths, tan o r  pale-green c l  inopyroxene, m i  nor 
magnetite, and less  than 1 percent minor i n t e r s t i t i a l  quartz. A chemical 
analys is  o f  one o f  the samples (no. 38, map; t a b l e  1) shows t h a t  the rocks are 
1 ow-Ti02 (1  ess than 1 percent) t h o l e i  i tes. 

Two add i t i ona l  diabase samples (nos. 36 and 39) were co l l ec ted  along the 
nor thern border o f  the  quadrangle. Sample 39 i s  a coarse-grained o l i v i n e  
gabbro t h a t  has a subophi t ic  t ex tu re  and contains 5 percent o l i v i ne ,  
plagioclase, clinopyroxene, and Fe-Ti oxide minerals. The rock can be 
c l a s s i f i e d  as e i t h e r  an o l i v i n e  t h o l e i i t e  o r  a high-A1 gabbro (A1203.greater 
than 17 percent, moderate T i 0  , low K 0). Sample 36 i s  chemical ly s i m i l a r  t o  e P the Late Cretaceous-early Ter i a r y  ca c - a l k a l i c  volcanic rocks throughout the 
Medfra quadrangle and i s  pe t rograph ica l l y  d i s t i n c t  from the three prev ious ly  
described gabbro samples (37, 38, and 39) i n  t h a t  i t  contains brown-gold 
hornblende instead o f  pyroxene, This rock i s  a f i  ne-grai ned hyp id imorph ic  
granular diabase composed of c h i e f l y  plagioclase, 20 t o  30 percent hornblende, 
and 3 t o  4 percent Fe-Ti ox i  de m i  nerals. 



K-Ar AGES 

K-Ar ages and ana ly t i ca l  data are summarized and described i n  four  
groups: 

(1) P e l i t i c  sch is ts  (PzpGp) and associated rocks o f  the nor thern 
Kuskokwim Mountains i n  the nor th -cent ra l  p a r t  of the quadrangle; (2 )  sheared 
g r i t ,  quar tz i te ,  and quartz-mica s c h i s t  (PzpEs) i n  the Slow Fork H i l l s  i n  the  
southeast corner of the  quadrangle; ( 3 )  small gabbro and diabase bodies (KDg) 
i n  the northwestern p a r t  o f  the quadrangle; and ( 4 )  Late Cretaceous-early 
T e r t i a r y  volcanic and p l u t o n i c  rocks (TKn, TKc, TKg, TKm, TKcm, TKv, TKs). 

Met hods 

Who1 e-rock samples and mineral concentrates were prepared by crushing, 
gr inding, and s iev ing  rock samples, and, by standard e l e c t r o s t a t i c ,  magnetic, 
and heavy l i q u i d  procedures (Peterson, 1978) a t  the  U.S. Geological Survey, 
Menlo Park, Ca l i f o rn ia ,  by C. L. Connor, E. J. Mol l ,  M. L. Silberman, and 
C. E, Schwab, and a t  the labora tor ies  o f  Kruger Enterpr ises, Cambridge, Mass., 
or  Te l  edyne Isotopes, Westwood, N. 3. Whole-rock and mineral concentrates 
were s p l i t  and analyzed separate ly  f o r  potassium and argon. Potassium was 
analyzed by a 1 i t h ium metaborate flame photometry technique (Ingamel l s ,  1970) 
a t  the U.S. Geological Survey, Menlo Park. Argon was analyzed by standard 
techniques of isotope d i l u t i o n  and mass spectrometry (Dalrynple and Lanphere, 
1969) a t  the U.S. Geological Survey, Menlo Park, by C. L. Connor, M. L. 
Silberman, and L. 8 ,  Gray, or a t  the  labora tor ies  o f  Kruger Enterpr ises and 
Teledyne Isotopes. The constants used i n  the age ca l cu la t i ons  are l i s t e d  w i t h  
the  tabu1 ated data. The plus-mi nus f i gurcs represent ana ly t i ca l  uncer ta inty ,  
a t  one standard deviat ion, and are based on analyses o f  the uncer ta in t ies  o f  
both the argon and potassi  urn a n a l y t i c a l  procedures. 

Schists i n  the  nor th -cent ra l  p a r t  o f  the quadranqle 

A broad s c h i s t  ter rane crops ou t  i n  the nor th-centra l  p a r t  o f  the  Medfra 
quadrangle. The sch i s t s  are d iv ided i n t o  three map un i t s :  f e l s i c  
metavolcanic rocks (Pzpgv), c a l c  sch i s t s  (PtpEc), and pel  i t i c  sch is ts  
(PzpEp) . A1 t hough s t r a t i  graphic re1  a t i  onships are uncertain, the metavol cani c 
rocks and ca l c  sch i s t s  appear t o  o v e r l i e  the p e l i t i c  schis ts .  S t ra t i g raph ic  
evidence suggests t h a t  the s c h i s t  ter rane i s  a t  l e a s t  pre-Permian and probably 
pre-Ordovici  an (Pat ton and Dutro, 1979). 

Four K-Ar ages ( t a b l e  2)  from the  p e l i t i c  sch i s t  u n i t  (PzpEp) i n  the  
Medfra quadrangle range from 274 t o  514 m.y. and are s t r o n g l y  discordant. To 
the  nor th  i n  ad jo in ing  pa r t s  of the  Ruby quadrangle n ine add i t iona l  K -A r  ages 
from micas and amphiboles y ie lded  ages ranging from 254 m.y. t o  921 m.y. 
(Silberman and others, 1979; M. L. S i lbeman and R. M. Chapman, unpub. 
data).  Three o f  the samples from the  northern Medfra quadrangle (nos. 41, 42, 
43) occur near a small body of f e l s i c  volcanic rocks (TKs), but show no 
obvious c o r r e l a t i o n  between age and p rox im i t y  t o  the  present exposures of 
vo lcanic rocks, The ages o f  micas from the sch i s t  u n i t  appear t o  c o r r e l a t e  
roughly w i t h  g ra in  s i ze  as the coarsest grained micas y i e l d  the o ldest  ages. 
K-Ar ages f rm  t h i s  terrane are i n te rp re ted  as minimum f igures .  Argon loss, 
r e s u l t i n g  from reg iona l  metamorphism, has probably a f fec ted  most o f  the 
sampl es. A p re l im ina ry  isochron analysis, us ing the  methods of Shaf igul l  ah 



and Damon (1974),  on the e n t i r e  set o f  K-Ar data, i nc lud ing  the samples from 
the  s c h i s t  i n  the southern Ruby quadrangle, suggests t h a t  the  r e s e t t i n g  may 
have occurred du r i  ng the m i  dd l  e Permi an. Late Cretaceous-ear l y  T e r t i  ary 
igneous a c t i v i t y  has ev iden t l y  not s i g n i f i c a n t l y  affected the  K-Ar ages o f  the 
s c h i s t  as none o f  the samples, even those conta in ing very f i n e  grained micas, 
have been reset  t o  the younger ages (Silberman and others, 1979). Although 
the  ava i l ab le  K-Ar ages c l a r i f y  ne i the r  the age o f  the p r o t o l i t h  nor the age 
o f  metamorphism, two o f  the  ages from the Ruby quadrangle--921 m.y. from 
b i o t i t e  from a sheared d i o r i t e ,  and 663 m.y. from muscovite from a my lon i te  
s c h i s t  ( S  11 berman and others, 1979) --support the pre-Ordovici  an age suggested 
by s t r a t i  graphic evidence (Patton and Dutro, 1979). 

Schists  o f  the  Slow Forks H i l l s  

A greenschi s t  metamorphic assembl age o f  sheared g r i t ,  quar tz i te ,  and 
quartz-mica sch i s t  (PzpEs) under1 i e s  the Slow Fork H i  11s i n  the  southeastern 
corner o f  the  Medfra quadrangle and i n  ad jo in ing  par ts  o f  the M t .  McKinley 
quadrangle. This assemblage i s  i n te rp re ted  t o  be the metamorphic equivalents 
o f  the  quar tz i te ,  g r i t ,  and a r g i l l i t e  u n i t  (PzpEq) i n  the Te l i da  Mountains. 
The age o f  these metamorphic rocks i s  uncer ta in  because no f o s s i  1s were found 
e i t h e r  i n  the  Te l i da  Mountain g r i t  u n i t  (PzpCq) or i n  the  Slow Fork H i l l s  
metagr i t  u n i t  (PzpEs). The Tel  i d a  Mountain rocks have been assigned an e a r l y  
Paleozoic t o  Precambrian age based on a probable c o r r e l a t i o n  w i t h  s i m i l a r  
rocks i n  the  Livengood, Kantishna River,  and Fairbanks quadrangles (Patton and 
others, 1980). If the  metagr i ts  o f  the  Slow Fork H i l l s  are the metamorphic 
equivalents o f  the g r i t s  o f  Te l i da  Mountain, the Slow Fork rocks are a lso 
e a r l y  Paleozoic t o  Precambrian i n  age. 

The th ree  K-Ar ages obtained from the sheared g r i t  and quartz-mica 
sch i s t s  do not prov ide d iagnost ic  age fo r  the p r o t o l i t h  or age o f  
metamorphism. Muscovite from two samples o f  metagr i t  y i e l d s  ages of 108 + 5 
m.y. and 276 + 8 m.y. (samples 44 and 45, t a b l e  2)  and green amphibole fr% a 
metagabbro t h z t  crops out i n  metagr i ts  and metaquartzi tes i n  the  adjacent  Mt .  
McKinley quadrangle (sample 46, t ab le  2) gave an age o f  421 + 21 m.y. The two 
o lder  ages, 421 and 276 m.y., are i n te rp re ted  t o  be minimum Tigures, probably 
r e s u l t i n g  from argon 1 oss dur ing regional  metamorphism o f  unknown age. The 
108-m.y.-old age came f r o m  an area where a positive magnetic anomaly occurs-- 
s i m i l a r  t o  those associated w i t h  small gabbroic stocks (KDg) elsewhere i n  the  
quadrangle (Patton, Cady, and Mo? 7, 1981). We suggest that  t h i s  young age 
r e f l e c t s  argon loss  dur ing i n t r u s i o n  of a gabbro body about 108 m.y. ago 
beneath t h i s  area o f  the Slow Fork H i l l s .  

Gabbro and diabase bodies in the northwestern part of  the quadrangle 

Four K-Ar ages fran small gabbro bodies t h a t  crop out i n  the northwestern 
p a r t  o f  the quadrangle range from 85 t o  267 m.y. The two o ldes t  ages, 267 and 
176 m.y. (nos. 37 and 381, are from low-TiOp t h o l e i i t e s  co l l ec ted  w i t h i n  10 km 
o f  each other.  These two samples were bel ieved t o  be i n  sequence w i t h  the  
u n i t  o f  cher ty  tuf f ,  c r y s t a l  and l i t h i c  t u f f s ,  and volcanic b recc ia  ( J k t ) ,  
bu t  the i s o t o p i c  age data suggest t h a t  they may be d i f fe ren t  ages. 

A sample o f  o l i v i n e  gabbro (no. 39), co l l ec ted  near the northern border 
o f  the quadrangle, gives a whole-rock age o f  98 m.y. and appears t o  represent 
a Cretaceous i n t r u s i  ve event. 



A sample o f  d ior i te /gabbro (no. 36) t h a t  was co l l ec ted  near the northern 
border o f  the quadrangle i n  a small upfaul ted(?)  block o f  the  t u f f - b r e c c i a  
u n i t  ( J k t )  gives a hornblende age o f  85 m.y, Because of i t s  c a l c - a l k a l i c  
ra ther  than t h o l e i i t i c  a f f i n i t y ,  t h i s  i n t r u s i v e  body i s  probably not r e l a t e d  
t o  the other dated gabbro bodies described, It may represent an older,  
subvolcanic phase of the nearby volcanic rock of the  Nowitna River  area (TKn), 
o r  it may represent a much older  rock whose age was reset  by argon loss  during 
the  Late Cretaceous-early T e r t i  ary thermal event. 

Poor exposures o f  the gabbro bodies and the  possib i  1 i t y  o f  p a r t i  a1 
r e s e t t i n g  by pos tc rys ta l  1 i z a t i o n  thermal events preclude an unequivocal 
i n t e r p r e t a t i o n  o f  t h e i r  ages, but  i so top ic  and chemical data suggest t h a t  they 
represent several ages of maf i c  igneous a c t i v i t y .  

Late Cretaceous-early T e r t i a r y  volcanic and p lu ton ic  rocks 

Late Cretaceous-early T e r t i a r y  volcanic and p lu ton ic  rocks occur 
throughout the  Medfra quadrangle and comprise a wide range o f  rock types and 
occurrences. However, despi te the  d i v e r s i t y  o f  rock types, occurrences, and 
dated mater ia l ,  samples from a l l  s i x  map u n i t s  (TKn, TKc, TKg, TKm, TKv, TKs) 
g ive  K / A r  ages i n  the  range 59 t o  71 m.y. 

A t  the  Nixon Fork Mine area and a t  Mystery Mountains, hydrothermally 
a l te red  rocks y i e l d  ages o f  69.1 and 63 m.y. ago, which suggest t h a t  
hydrothermal a1 t e r a t i  on and m ine ra l i za t i on  was associated w i th  a t  l e a s t  some 
of the  igneous a c t i v i t y .  A t  Mystery Mountains, copper and t i n  anomalies occur 
i n  a1 tered dac i te  porphyry (TKv) and i n  sedimentary hornfe ls  adjacent t o  the  
i n t r u s i v e  porphyries (Ksu and Ksc) . C h l o r i t i z e d  b i o t i t e  from weakly a l te red  
dac i te  porphyry a t  Mystery Mountains (no. 27) gave an age o f  63 m.y. A t  the  
Nixon Fork Mine area, contact metasmati  c go1 d-beari ng skarn deposits 
(Herreid, 1966) occur i n  metamorphosed limestones (DOld) adjacent t o  quartz  
monzonite (Turn). Quartz porphyry in t rus ions,  too small t o  be shown on the 
map, are associated w i th  the  quartz monzonite. A sample of a1 tered and 
mineral ized porphyry from an open-pit a t  the Nixon Fork Mine gave a 
hydrothermal muscovite age o f  69.1 + 2.1 m.y. (no. 32),  the  same age w i t h i n  
a n a l y t i c a l  uncer ta in ty  as our date z n  b i o t i t e  from an unal tered quartz 
monzonite sample (no. 21) and Reed and M i l l e r ' s  (1971) p rev ious ly  publ ished K- 
A r  age of 68.6 - + 2 m.y. on the  pluton. 

Small i n t r u s i v e  bodies (TKcm) i n  the  volcano-plutonic complexes a t  Page 
Mountain (no. 8, t a b l e  1) and Cloudy Mountain (no. 9, t a b l e  1) y i e l d  the  same 
K - A r  a es, w i t h i n  ana ly t i ca l  uncertainty, as unaltered andesi t i c  volcanic 
rocks fTKc) (Page Mountain, no. 4; Cloudy Mountain, no. 6, t a b l e  I ) ,  
suggesting t h a t  the  i n t r u s i v e  and volcanic rocks i n  these complexes are 
consanguineous. The i n t r u s i  ve bodies are probably 1 ate stage d i f f  e ren t i  ates 
o f  the magmas t h a t  produced the  more maf ic  volcanic rocks, as suggested by 
Silberman and others (1979). 

F igure 4 graphical 1 y sumnarizes the  K - A r  ages f o r  Late Cretaceous-early 
T e r t i a r y  rocks from tab le  2. Concordant mineral p a i r  ages from several 
samples o f  Late Cretaceous-early T e r t i a r y  igneous rocks (nos. 4, 6, 17, 18, 
tab le  2 )  i nd i ca te  t h a t  t h i s  igneous episode i s  wel l  documented by the  K - A r  
data. The overlapping ages and ca lc -a lka l ine  nature o f  the p lu ton ic ,  
hypabyssal, and volcanic rocks suggest t h a t  the hypabyssal and p lu ton ic  rocks 



represent subsurface magmas related to the same magmatic episode that produced 
the volcanic rocks. 

Volcanic and plutonic rocks in the age range 59-75 m.y. occur in much of 
western Alaska in a vast region stretching from the Arctic Circle south to  
Hagemeister Island and west t o  St .  Matthew and S t .  Lawrence Islands (Moll and 
Patton, 1981). Their ages and distribution show that igneous act ivi ty  was 
widespread throughout much o f  western Alaska in Late Cretaceous-early Tertiary 
time. An ear l ier  80- to 110-m.y.-old (Silberman and others, 1979) calc- 
alkalic igneous episode was restricted to  an area north o f  the Medfra 
quadrangle between the Brooks Range and the Yukon River. Most of these older 
rocks are plutonic and many have considerably larger outcrop areas than the  
Late Cretaceous-early Terti ary plutonic and volcanic bodies. 
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Figure 2. Major-element variation w i t h  $10 content for Late Cretaceousr 2 
early Tertiary volcanic, hypabyssal, and plutonlc rocks from the 
Medfra quadrangle. 
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Figure 5. Histogram showing the distribution of K-Ar ages for units older 
than Late Cretaceous-early T e r t i a r y .  A1 1 three dated un i ts--Sheared 
grit, quartz-mica s c h i s t  ( ~ z p C s )  ; pel i tic s c h i s t  ( ~ z p C p )  ; and gabbros 
( ~ ~ g ) - - ~ i v e  strongly discordant K-Ar ages. 


