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INTRODUCTION 

In 1972 the U.S. Geological Survey started a long-range program of 

reconnaissance geologic mapping and geochemical sampling in the geologi- 

cally little-known Talkeetna Mountains of south-central Alaska. As the 

Z initial phase of the program, three separate areas--a few tens of km 

each--have been mapped and sampled in some detail in the western and 

central Talkeetnas, all within the Talkeetna Mountains 1:250,000 quad- 

rangle (fig. i). The present report stresses preliminary geologic 

descriptions of the three areas. In addition, the report incorporates 

information on the Talkeetna Mountains batholithic complex and inferences 

on the tectonic significance of the late Paleozoic rocks in the region. 

Geographically, the roughly circular-shaped Talkeetna Mountains are 

located between the central Alaska Range to the north and the Chugach 
" .  . 

Mountains to the south. They underlie the Talkeetna Mountains 1:250,000 

topographic quadrangle, as well as p a r t s  of the Healy 1:250,000 quadrangle 

to the north and the Anchorage 1:250,000 quadrangle to the south, The 

central part of the Talkeetna Mountains is extremely rugged and heavily 

glaciated and contains high peaks between 1,800 and 2,700 m (approximately 

6,000 and 9,000 f t )  in altitude. The remainder of the talkeetnas form 

broad rolling uplands with deeply incised river valleys. Most of the 

upland areas are above timberline, which is approximately at 900 m (about 

3,000 ft). No roads or trails l ~ a d  into the Talkeetnas, and landing areas 

for small fixed-wing aircraft are sparse. The western flank of the 

Talkeetna Mountains falls within the Anchorage-Fairbanks developmental 

zone conne~:ting the two major population centers of Alaska. 
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A l l  of the Talkee tna  Mountains a r e  covered by modern topographic 

I 

maps a t  1:63,360 s c a l e  and by good a e r i a l  photographs flown by t h e  U.S. 

Air Force. I n  a d d i t i o n ,  ERTS-1 (Earth Resources Technology S a t e l l i t e )  

m u l r i s p e c t r a l  imagery a t  various s c a l e s  is  a l s o  a v a i l a b l e .  
I 

GEOLOGIC SETTING OF TALKEETNA MOUNTAINS 

The Talkee tna  Mountains a r e  part of a geo log ica l ly  c r i t i c a l  area of 

j unc tu re  between t h e  A l e u t i a ~ ~  vo lcan ic  i s l a n d  a r c  system and con t inen ta l  

c r u s t .  In  a d d i t i o n ,  t h e  Talkee tnas  a r e  bracke ted  by t w o  major ,  c u r r e n t l y  

a c t i v e  fault s y s t e ~ s :  t h e  Denali Fau l t  on the nor th  and t h e  C a s t l e  

Mountain Pau l t  on the south. On t h e  basis of reconnaissance  informat ion  

a v a i l a b l e  so f a r ,  the  backbone of t h e  Talkee tnas  appears  t o  be a nor theas t -  

' 

t r e n d i n g  b a t h o l i ~ h i c  complex, ranging  i n  age from J u r a s s i c  t o  Late 

Cretaceous-ear ly Tertiary (fig. 2 ) .  Bedrock n o r t h  of the b a t h o l i t h i c  

complex chief1.y c o n s i s t s  of l a t e  Pa leozoic  a n d e s i t i c  metavolcanic  rocks ,  

the remnants of an i s l a n d  a r c  system, and less abundant latr Mesozoic 

metagraywacke. South of t h e  b a t h o l i t h  t h e  bedrock is dominantly Mesozoic 
I 

sedimentary and vo lcan ic  rocks ,  p o s s i b l y  successor  b a s i n  d e p o s i t s .  The 

s t r u c t u r a l  g r a i n  of the Talkee tnas  appears  t o  t r e n d  n o r t h e a s t .  
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PREVIOUS WORK 

An up-to-date comprehensive geologic report on the Talkeetna 

Mountains is still lacking. The most complete report (Capps, 1940) 

summarizes results of early explor3tory surveys and includes a 1:250,000- 

scale geologic map of part of the Talkeetnas. Later reports include several 

geologic maps at 1 :48,000 scales (Grantz , 1960a, 1960b, 1961a, 1961b) , 

and a report on granitic rocks of the southeastern Talkeetna Mountains 

(Granrz and others, 1963). A geologic map, and a discussion of the 

Willow Creek mining districr, constitute the latest available information 

for the southern Talkeetnas (Barnes, 1962; Ray, 1954). Several later 

reports describe the geology and geochemistry of five small areas in the 

cenrral and northern Talkeetna Molmtains (Anderson, 1969a, 1969b; Rose, 

1965, 1967; Richter, 1963; Kaufman, 1964; Hawley and others, 1968). 

Maps showing the known metallic mineral resources of the Talkeetnas have 

bee7 recently compiled by Cobb (1972a, 1972b), and by Clark and Cobb 

(1972). Aeromagnetic survey maps at scale 1:63,360 have been recentlj 

published by the Alaska Division of Geological and Geophysical Surveys 

for all but a small northwestern portion of the Talkeerna Mountains. An 

unpublished reconnaissance geologic map of southern Alaska, including the 

Talkeetna Mountains, has been compiled recently at L:1,000,000 scale by 

Beikman . 



GEOLOGY OF THE WATANA LAKE AREA 

The area mapped near Watana Lake (fig. 3 )  comprises approximately 

2 2 
65 km (about 25 mi ) in the Talkeetna Mountains C-2, C-3. D-2, and D-3 

quadrangles, Bedrock consists of a several-thousand-meters-thick, 

dominantly,marine sequence of basaltic and andesitic metavolcanic and 

metavolcaniclastic rocks with subordinate intercalated beds of black 

phyllite, f ossiliferous cherty marble, and several metadiabase sill-like 

intrusive bodies, All these rocks have been recrystallized into mineral 

assemblages of the low-grade portion of the greenschist metamorphic 

facies of Turner (1968). Poorly preserved-crinoid columnals, corals(?), 

and bryozoans from the cherty marble beds in the middle part of thr sequence 

strongly sugges; a late Paleozo-ic age, However, rocks near the top of the 

metavolcanic and metavolcaniclastic sequence could possibly be as young 

as early Mesozoic. On the basis of correlation with similar rocks in the 

eastern Alaska Range (Richter and Jones, 1 9 7 3 ) ,  the metadiabase intrusives 

are assumed to be early Mesozoic, probably Tri.assic in age. The age of 

the greenschist regional metamorphism has been determined by Smith and 

Turner (1973)'in the central Alaska Range to be late Mesozoic. Significant 

parts of the mapped area are underlain by Quarternary glacial and alluvial 

deposits. 

Metavolcanic and metavolcaniclastic sequence 

The metavolcanic and metavolcaniclastic sequence forms an apparently 

homoclinal succession that dips moderately southward. Its thickness can 

not be determined accurately because both its base and top are unexposed. 
*: P P O  

The unit's maximum exposed thickness is m (about/6,000 ft) in a 

section that may have partly repeated by faulting. 



Exposures of the metavolcanic and metavolcaniclastic sequence range 

from poor in the topographically low areas to moderately good in the 

glacially dissected mountains just west of Watana Lake. Outcrops of the 

metavolcanic and metavolcaniclastic rocks, forming the bulk of the sequence, 

are characteristically greenish gray. 

Rocks of the sequence have been tentatively subdivided into six 

informal units (fig. 3) with conformable contacts. In order of succession, 

these units are discussed below. 

Basal metavolcaniclastic unit (Pza) 

This poorly exposed unit consists of medium- to fine-grained meta- 

volcaniclastic rocks with subordinate intercalated meta-flows of basaltic- 

andesitic composition and a few interbeds of dark gray phyllite. The base 

of the unit was not observed; the minimal thickness of the unit appears to 

be as much as 2,000 m (approximately 6 ,f 00 f t). Compositional stratifica- 

tion of the unit is crude; individual layers range in thickness from a 

few tens to a few hundreds of meters. Much of the unit is pervasively 

Thin section studies show the metavolcaniclastic rocks to be poorly 

sorted. Slightly metamorphosed clasts of rounded rock fragments and 

angular crystal fragments as much as 5 mm in diameter, constituting 

between 20 to 50 percent of the rock by volume, are randomly distributed 

in a finer grained but thoroughly recrystallized and foliated matrix. 

Rock clasts consist of fineyqained basalt, andesite, and mudstone; 

crystal clasts are made up of oligoclase-andesine, hornblende, and sub- 

ordinate quartz. The larger the clasts, the less metamorphic effects 

they display. The matrix consists of porphyroblastic textured aggregates 



of a l b i t e ,  p a l e  green a c t i n p l i t e ,  c h l o r i t e  w i th  anomalous blue i n t e r -  

f e r ence  c o l o r s ,  l e s s e r  e p i d o t e ,  s e r i c i t e ,  c a l c i t e ,  opaques, and some 

q u a r t z .  The o r i g i n a l  c l a s t i c  t e x t u r e  i s  s t i l l  d i s c e r n i b l e  d e s p i t e  t h e  

metamorphic o v e r p r i n t .  The r e s u l t s  of a chemical ly analyzed representa-  

t i v e  sample a r e  g iven  i n  t a b l e  1. 

The b a s a l t i c - a n d e s i t i c  meta-flows c o n t a i n  s p a r s e  r e l i c t  phenocrysts  

of cloudy plagioclase i n  a  f ine-gra ined ,  r e c r y s t a l l i z e d  groundmass of 

c h l o r i t e ,  e p i d o t e ,  a l b i t e ,  s e r i c i t e ,  opaques, and some qua r t z .  A 

chemical a n a l y s i s  of a v a r i o l i t i c . t e x t u r e d  b a s a l t i c  f low sample is  given 

i n  t a b l e  1. 

The in te rbedded  p h y l l i t e s  a r e  da rk  gray  and f i n e  grained wi th  wel l -  

developed s l a t y  c leavage ,  Thin s e c t i o n s  show thgm t o  c o n s i s t  of whi te  

mica (probably muscovi te ) ,  c h l o r i t e ,  q u a r t z ,  c a l c i t e ,  poss ib ly  a c t i n o l i t e ,  

and l e s s e r  g r a p h i t e ,  e p i d o t e ,  and mic roc l ine .  

F o s s i l i f  e rous  marble u n i t  (Pzb) .- 

The marble u n i t  i s  approximately 180 m (about 600 ft) t h i c k ,  and i t :  

i s  made up of thick-bedded t o  massive,  coarse-  t o  medium-grained, 

medium b l u i s h  gray t o  wh i t e  marble w i th  subord ina t e  b lack  nodular  c h e r t ,  

and a f e w  t h i n  i n t e r b e d s  of b l ack  p h y l l i t e .  

Thin s e c t i o n s  i n d i c a t e  t h e  marbles  t o  c o n s i s t  dominantly of c a l c i t e  

w i t h  minor amounts of do lomi te ,  wh i t e  mica, and some qua r t z .  The degree 

of r e c r y s t a l l i z a t i o n ,  that ,  is  the grain  s i z e  of t h e  marbles v a r i e s .  

Pockets  of medium-grained (between 1 and 2 mm) marble,  con ta in ing  s t i l l  

recognizable  b i o c l a s t s ,  such a s  abundant f o s s i l  c r i n o i d  columnals and 

shell f ragments ,  occur  i r r e g u l a r l y  within c o a r s e  gra ined  rocks. Apparently 
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t h e  marble beds were de r ived  from b i o c l a s t i c  l imes tone .  The b lack  

p h y l l i t e  i n t e r b e d s  c o n s i s t  of  f ine-grained aggrega tes  of whi te  nica, 

q u a r t z ,  c h l o r i t e ,  and carbonaceous m a t e r i a l ,  

One of t h e  medium-grained marble pockets  ( l o c a l i t y  marked on f i g .  3 )  

y ie lded  a poor ly  preserved  f o s s i l  fauna of d i s a r t i c u l a t e d  c r i n o i d  

columnals ,  bryozoans, brachiopod s h e l l  f ragments ,  and a f e w  p i eces  of 

c o r a l s ( ? ) .  The c r i n o i d  columnals are by f a r  t h e  most abundant,  and they  

a l l  have c i r c u l a r  o u t l i n e s  with maximum d iame te r s  of 16  mm (0.6 in). 

None of t h e  f o s s i l s  could be i d e n t i f i e d  i n  more d e t a i l  because of t h e i r  

f ragmenta l  n a t u r e  and poor p re se rva t ion .  According t o  A .  K. Armstrong 

(personal  communication, 1 9 7 4 ) ,  t h e  fauna s t r o n g l y  sugges t s  a l a t e  

Pa leozoic  (Mis s i s s ipp ian  t o  Permian) age 3s faunas of very  similar f o s s i l s  

and occu r r ing  i n  rocks  of similar s t r a t i g r a p h i c  p o s i t i o n s  have b e e :  

determined t o  be of l a t e  Pa l eozo ic . age  i n  t h e  Wrangell Mountains (Smith 

and MacKevett, 1970) and i n  t he  e a s t e r n  Alaska Range (Richter  and Jones, 

P h y l l i t e  u n i t  (Pzc)  - 
Thi s  u n i t  c o n s i s t s  of da rk  gray  t o  b l a c k ,  f ine-gra ined ,  massive 

p h y l l i t e  with prominent s l a t y  cleavage.  Its t o t a l  t h i ckness  i s  about 

900 m (approximately 3,000 ft), but  more than  h a l f  of t h e  u n i t  i s  made 

up of i n t e r s p e r s e d  s i l l s  of  t h e  e a r l y  Mesozoic metadiabase ( see  later). 

Thin s e c t i o n s  show t h e  p h y l l i t e s  t o  c o n s i s t . o f  very  f i n e  gra ined  grano- 

b l a s t i c  aggrega tes  of  wh i t e  mica (probably muscovi te ) ,  q u a r t z ,  c h l o r i t e ,  

carbonaceous m a t e r i a l   r rob ably g r a p h i t e ) ,  and subord ina t e  a c t i n o l i t e  

and ep ido te .  
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Metatuff u s i t  (Pzd) .-- 

This  u n i t ,  approximately 500 m (roughly 1,650 ft) t h i c k ,  c o n s i s t s  

of f i n e -  t o  medium-grained metatuff  of a n d e s i t i c - b a s a l t i c  composition. 

No s t r a t i f i c a t i o n  was observed i n  t h e  u n i t .  

Thin s e c t i o n s  i n d i c a t e  the  rock is a c r y s t a l  me ta tu f f .  Angular and 

r e l i c t  c r y s t a l s  of twinned o l igoc lase-andes ine  and clinopyroxene a r e  set 

i n  a  pe rvas ive ly  sheared and r e c r y s t a l l i z e d  ma t r ix  of z o i s i t e ,  a l b i t e ,  

f i b r o u s  a c t i n o l i t e ,  c h l o r i t e ,  opaques, and some s e r i c i t e .  A chemical 

a n a l y s i s  of a t y p i c a l  meta tuf f  i s  given in t a b l e  1. 

Coarse me tavo lcan ic l a s t i c  u n i t  (Pze) 

The unit: i s  approximately 300 m (about 1,000 f t )  t h i c k .  It c o n s i s t s  

of massive m e t a v o l c a n i c l a s t i c  rock w i t h  rounded c l a s t s  of f ine-grained 

v o l c a n i c s ,  as much as 8 cm (about 3 i n )  i n  d iameter ,  i n  a f i n e -  t o  medium- 
* 

gra ined  r e c r y s t a l l i z e d  mat r ix .  The vo lcan ic  c l a s t s  C o n s t i t u t e  more than 

h a l f  of the rock by volume, and i n  t h i n  section they appear  t o  be a n d e s i t i c  

t o  b a s a l t i c  i n  composition. R e l i c t  p l a g i o c l a s e  l a t h s  and m i c r o l i t e s  i n  

some of t h e  b e t t e r  preserved  vo lcan ic  c l a s t s  i n d i c a t e  t r a c h y t i c  o r  i n t e r -  

g ranu la r  t e x t u r e s .  The r e c r y s t a l l i z e d  m a t r i x  con ta ins  occas iona l  r e l i c t  

fragments of s e r i c i t i z e d  o l igoc lase-andes ine  and c h l o r i t i z e d  hornblende,  

as w e l l  as echinoid  needle  remains now-cons is t ing  of c l i n o z o i s i t e : .  The 

whole rock has  been i n t e n s i v e l y  metamorphosed i n t o  an assemblage of 

c l i n o z o i s i t e ,  c h l o r i t e ,  s e r i c i t e ,  f i b r o u s  t r e m o l i t e - a c t i n o l i t e ,  a l b i t e ,  

p o s s i b l y  some t a l c ,  and minor s t r a i n e d  q u a r t z .  
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Metavolcanic u n i t  (Pzf)  

Only t h e  base  of t h i s  u n i t  is  loca t ed  w i t h i n , t h e  mapped a r e a ,  i t s  

minimum t h i ckness  i s  c a l c u l a t e d  t o  b e  1,200 L (about 3,900 f t ) .  The 

u n i t  i s  poor ly  exposed and i t  c o n s i s t s  of massive,  f i ne -  t o  medium-grained 

metabasalt f lows ,  some of which may be  t r a n s i t i o n a l  t o  a n d e s i t e  i n  

composi t ian.  The th i ckness  of i n d i v i d u a l  f lows cou ld  not  b e  determined 

i n  t h e  f i e l d .  Thin s e c t i o n s  of t h e s e  f lows c o n s i s t  of s p a r s e ,  anhedra l  

c r y s t a l s  of r e l i c t  andes ine - l ab rador i t e  and hornblende i n  a metamorphic 

agg rega te  of ep ido fe ,  c h l o r i t e ,  a c t i n o l i t e ,  a l b i t e ,  s e r i c i t e ,  opaques, 

and minor qua r t z .  R e l i c t  t e x t u r e s  a r e  dominantly i n t e r g r a n u l a r  and 

suboph i t i c  and i n  some f lows t r a c h y t i c .  Chemical analyses of t h r e e  

t y p i c a l  samples  a r e  shown i n  t a b l e  1. 

O r i g i n ,  age, and c o r r e l a t i o n  

The metavolcanic  and m e t a v o l c a n i c l a s t i c  sequence is  i n t e r p r e t e d  t o  

have depos i t ed  dominantly,  if no t  exc lus ive ly ,  . i n  a . submar ine  environment 

a t  moderate t o  sha l low depths .  T h i s  is  suggested by the in te rbedded  

f o s s i l i f e r o u s  marble  beds ,  by the echinoid  need le s ,  and by t h e  o v e r a l l  

l i t h o l o g i c  c h a r a c t e r  of t h e  sequence. The t h i c k  composi t iona l  l a y e r i n g  
Cl 

of t h e  v o l c a n i c l a s t i c  rocks  sugges t s  a f a i r l y  r a p i d  r a t e  of depos i t i on .  

Most c o n s t i t u e n t s  of t h e s e  rocks probably were de r ived  from nearby 

v o l c a n i c  c e n t e r s .  The f o s s i P i f e r o u s  marble  beds probably s i g n i f y  

d e p o s i t i o n  of ca l ca reous  b i o c l a s t i c  m a t e r i a l  by high-energy c u r r e n t s  on 

sha l low banks of l i m i t e d  a r e a l  e x t e n t .  
I 

On the b a s i s  of f o s s i l  remains i n  t h e  marble  u n i t ,  t h e  metavolcanic  

and m e t a v o l c a n i c l a s t i c  sequence is  i n t e r p r e t e d  t o  b e  of l a t e  Pa l eozo ic ,  

probably Permian in age,  but i t s b a s a l  p a r t s  may be  Pennsylvanian. I n  



contrast, it is also possible that the uppermost portion of the sequence 

is slightly younger, that is Triassic in age. 

Rocks similar in age and lithologic composition to the se'quence 

near Watana Lake have been described from the eastern Alaska Range by 

Richter and Jones (1970, 1973) and from the west-central Alaska Range 

by Clark and others (1972). 

In the eastern Alaska Range, the correlative rocks consist of a 

several--thousand-meter-thick heterogeneous series of Pennsylvanian to 

Permian andesitic volcanic and volcaniclastic rocks and lesser marine 

clastic beds and limestones. Richter and Jones (1970, 1973) interpret 

these rocks as remnants of a late Paleozoic volcanic island arc which 

.were subsequently added to the North American plate. 

From the Upper Chulitna district of the west-central Alaska Range, 

Clark and others (1972) report a Permian(?) ophiolitic assemblage of 

intermixed serpentinite, gabbro, basalt, and bedded chert (fig. 2). 

The ophiolitic assemblage is overlain by an approximately 350 m (about 

1,000 ft) thick volcaniclastic sequence with a few limestone interbeds 
'I 

ranging in age from Permian to Early Triassic. Clark and his coworkers 

interpret the ophiolitic sequence as Permian(?) oceanic crust, and the 

overlying Permian and Triassic volcaniclastic rocks as derivatives of 

a volcanic island arc built directly on oceanic crust. 

Metadiabase 04zdb) 

The metadiabase is a medium to dark greenish-gray, medium- to fine- 

grained, structureless rock which forms sill-like intrusive bodies as 

much as 100 m (about 330 ft) thick in the metavolcanic and metavolcani- 

clastic sequence, especially in the dark phyllite unit (Pzc).  Fine-grained 



border phases, a few meters thick, occur at every contact. Thin sections 

show the metadiabase to consist of anhedral and parcly decomposed relict 

minerals, constituting as much as one-third of the rock by volume, 

scattered in a granoblastic aggregate of metamorphic minerals. Relict 

minerals consist of twinned and progressively zoned labradorite (An65 core 

to a rim of An35), augite, magnetite, and some interstirial quartz; the 

metamorphic minerals are chlorite, epidore, sericite, actinolite, and 

minor albite. Relicb textures range from subophitic to intergranular. 

The metamorphic minerals indfcate the metadiabase underwent the same 

degree of metamorphism as the enveloping country rocks. Chemical analyses 

of three representative samples are shown in table 1. 

As mentioned previously, the age of the metadiabase sills is assumed 

-to be early Mesozoic, probably Triassic, on the basis of correlation with 

gabbro intrusives in the eastern Alaska Range (Richter and Jones, 1973). 

GEOLOGY OF A PART OF THE TALKEETNA MOUNTAINS C-4 QUADRANGLE 

The geologically mapped area in the Talkeetna Mountains C-4 quad- 

2 2 rangle underlies approximately 36 km (about 14 mi ) in t~le southwest 

part of the quadrangle just north of the Talkeetna River (fig. 4). 

Topographically, the area is a rolling upland dissected by deep glacial 

valleys. Exposures are fair to good except in the deep valleys which 

are mantled by surficial deposits and are heavily timbered. 

Bedrock of the mapped area consists of a several-thousand-meter- 

thick sequence of andesitic to basaltic metavolcanic and metavoPcaniclastic 

rocks with subordinate marble and dark-gray phyllite interbeds, several 

sill-like bodies and plugs of metadiabase, a small quartz diorite stock, 



a sequence of d a c i t e  porphyry flows, and of two s m a l l  pa tches  of 

pyroxene a n d e s i t e  f lows.  Alluvium and glacial d e p o s i t s  c o n s t i t u t e  t h e  

Quaternary s u r f i c i a l  d e p o s i t s .  

On t h e  b a s i s  of l i t h o l o g i c  c o r r e l a t i o n s  wi th  i d e n t i c a l  rocks i n  t h e  

Watana Lake a r e a ,  about  48 km (about 30 m i )  t o  t h e  n o r i h e a s t ,  t h e  meta- 

vo lcan ic  and rne t avo lcan ic l a s t i c  sequence i s  i n t e r p r e t e d  t o  be of l a t e  

Pa leozoic  age ,  and t h e  rnetadiabase of T r i a s s i c  age. The o r i g i n  and 

r e g i o n a l  c o r r e l a t i o n s  o f  t h e s e  rocks  have a l r e a d y  been discussed i n  t h e  

Watana Lake a r e a  s e c t i o n  and will no t  be repea ted  he re .  The qua r t z  d i o r i t e  

i s  probably a s a t e l l i t e  of t h e  Late Cretaceous-ear ly T e r t i a r y  b a t h o l i t h i c  

mass i n  t h e  sou the rn  and c e n t r a l  Ta lkee tna  Mountains ( see  l a t e r ) ,  The 

d a c i t e  porphyry and pyroxene a n d e s i t e  botn a r e  i n t e r p r e t e l  t o  be T e r t i a r y  

i n  age ,  t h e  a n d e s i t e  being the  younger of t h e  two, a s  s i m i l a r  T e r t i a r y  

vo lcan ic  rocks  occur  i n  v a r i o u s  parts of t h e  Talkee tna  (Chapin, 

1918; Capps, 1940) .  

Rocks of  t h e  rnetavolcanic and me tavo lcan ic l a s t i c  sequence and t h e  

metadiabase i n t r u s i v e s  have been metamorphosed i n t o  minera l  assemblages 

of t h e  low-grade p o r t i o n  of the g r e e n s c h i s t  f a c i e s  of Turner (1968) .  I n  

contrast, t h e  qua r t z  d i o r i t e ,  d a c i t e  porphyry, and pyroxene a n d e s i t e  have 

not  been a f f e c t e d  by .the r e g i o n a l  metamorphism which, i n  the c e n t r a l  

Alaska ~ange, w a s  determined by Smith and Turner (1973) t o  be of l a t e  

Mesozoic age. 

Severa l  normal f a u l t s  of unknown displacement  a r e  marked by l i n e a r  

f e a t u r e s  on aerial photos.  These f a u l t s  c u t  rocks as young as t h e  pyroxene 

a n d e s i t e  and they  probably r e p r e s e n t  a l a t e  T e r t i a r y  o r  p o s s i b l y  younger 

p e r i o d  of deformation. 



The only i n d i c a t i o n s  of minera l  d e p o s i t s  i n  t h e  a r e a  a r e  a  f e w  

py r i t e -bea r ing  v e i n l e t s .  

I n  t he  fo l lowing  s e c t i o n ,  each rock type of the mapped area w i l l  

be b r i e f l y  desc r ibed .  

Metavolcanic and me tavo lcan ic l a s t i c  sequence 

The metavolcanic  and m e t a v o l c a n i c l a s t i c  sequence i s  f a i r l y  well 

exposed i n  sma l l ,  c h a r a c t e r i s t i c a l l y  greenish-gray c l i f f s .  Rocks of the 

sequence a r e  massive and c rude ly  l a y e r e d ,  t hus  t h e  s t r u c t u r e  and th i ckness  

of t h e  sequence are not  known wi th  c e r t a i n t y .  Based on t h e  a t t i ~ u d e  of 

one marble i n t e r b e d ,  the  sequence appears  t o  b e  a southeastward d ipping  

monocline wi th  a  minimal t h i ckness  of s e v e r a l  thousand meters ,  as n e i t h e r  

the base nor t h e  top  are exposed. In t h e  f i e l d  t h e  metavolcanic  and 

m e t a v o l c a n i c l a s t i c  sequence has  been in fo rma l ly  subdivided i n t o  a b a s a l  

metavolcanic  u n i t  (Pza) with  a marble interbed (Pzm), and an ove'rlying 

m e t a v o l c a n i c l a s t i c  u n i t  (Pzb) ( f i g .  4 ) .  

Metavolcanic u n i t  (Pza) 

Crudely l aye red  and massive a n d e s i t i c  ro b a s a l t i c  me ta tu f f s  and 

metaflows make up th2s  u n i t .  I nd iv idua l  l a y e r s  appear t o  be a s  much a s  

100 m t h i c k .  

Thin s e c t i o n  s t u d i e s  i n d i c a t e  rocks  of t h e  u n i t  have been metamor- 

phosed i n t o  f ine -g ra ined ,  moderately s c h i s t o s e  assemblages of e p i d o t e ,  

c h l o r i t e ,  a c t i n o l i t e ,  a l b i t e ,  l e s s e r  q u a r t z ,  c l i n o z o i s i t e ,  and some 

magnet i te .  O r i g i n a l  t e x t u r a l  f e a t u r e s  have been l a r g e l y  o b l i t e r a t e d ,  

on ly  i n  a few t h i n  s e c t i o n s  were o u t l i n e s  of  c l a s t i c  p l a g i o c l a s e  c r y s t a l s  

o r  remnant p o r p h y r i t i c - t r a c h y t i c  t e x t u r e s  observed.  chemical a n a l y s i s  

of a b a s a l t i c  sample i s  shown i n  t a L l e  2.  



Marble i n t e r b e d  (Pzm) 

The marble i n t e r b e d  i s  approximately 100 m (about 330 f t )  th ick  

and c o n s i s t s  of massive, coa r se ly  c r y s t a l l i n e ,  medium-gray marble w i t h  

a few t h i n  beds of dark-gray p h y l l i t e .  No f o s s i l s  were found i n  the  u n i t .  

One t h i n  s e c t i o n  of t h e  marble showed no o t h e r  minera ls  b u t  c a l c i t e ,  and 

a l l  primary t e x t u r a l  f e a t u r e s  have been obscured. 

Y e t a v o l c a n i c l a s t i c  u n i t  (Pzb) 

The u n i t  i s  made up by coa r se  v o l c a n i c l a s t i c  rocks  and by subord ina t e  

dark-gray p h y l l i t e  i n  a few i n t e r b e d s  as much as 5 m (about 16 ft) t h i c k .  

L i tho log ica l ly ,  a l l  of t h e  m e t a v o l c a n i c l a s t i c  rocks  a r e  very similar. 

They are massive and g reen i sh  gr,ay and c o n t a i n  subangular  t o  subrounded 

l i t h i c  fragments as much a s  10 cm (about 4 i n )  i a  maximum dimension i n  a 

f i n e r  g ra ined ,  poor ly  s o r t e d  ma t r ix .  The l i t h i c  c l a s t s  c o n s t i t u t e  more 

than  half of the rock  by volume, and thin s e c t i o n s  i n d i c a t e  that they 

c o n s i s t  of f ine-grained vo lcan ic  rocks ,  probably a n d e s i t e ,  and subord ina t e  

s i l t s t o n e  and mudstone. R e l i c t  c o n s t i t u e n t s  of t h e  f i n e r  gra ined  m a t r i x  

i nc lude  s m a l l  lithic fragments, angular  grains of q u a r t z ,  twinned p l a g i o -  

c l a s e  (probably andes ine ) ,  hornblende,  and minor opaques. The b u l k  of 
a 

t h e  matrix has been metamorphosed i n t o  moderately s c h i s t o s e  g r a n o b l a s t i c  

aggrega tes  of c h l o r i t e ,  e p i d o t e ,  a l b i t e ,  a c t i n o l i t e ,  lesser q u a r t z ,  and . 

c a l c i t e .  

The subord ina t e  d a r k y q a y  p h y l l i t e s  c o n t a i n  f ine-grained and 

s c h i s t o s e  aggrega tes  of w h i t e  mica, c h l o r i t e ,  q u a r t z ,  a l b i t e ,  and f i n e l y  

d isseminated  carbonaceous material, probably graphite. 



Metadiabase (Mzdb) 

The metadiabase is a dark greenish-gray medium- ro coarse-grained, 

massive rock which forms small irregular stocks or large sill-like bodies, 

possibly as much as.500 m (about 1,700 ft) thick, within t he  metavolcanic 

and metavolcaniclastic sequence. Chilled border phases were observed at 

every exposed contact. Thin section studies indicate the metadiabase to 

consist of anhedral relict and granoblastic metamorphic minerals. The 

relict minerals are twinned and zoned labradorite (An60 to An4O), augite, 

magnetite, apatite, whereas the metamorphic minerals are chlorite, 

actinolit9, white mica, calcite, minor epidore, and albite. Recognizable 

relict textures range from intergranular and subophitic to ophitic in 

some of the coarse-grained samples. The chemical analyses of three 

representative samples are shown in table 2. 

Quartz diorite (TKqd) 

The quartz diorite is a medium-gray, medium- to fine-grained, 

granitic textured structureless rock which forms a small epizonal 

2 2 
intrusive stock of approximately 1 km [about 0.3 mi ) in area. The 

stack has a border phase of fine-grained quartz diorite and is in dis- 
L> 

cordant contact with the metavolcanic country rocks. Three thin sections 

and one.moda1 count of the quartz diorite indicate the rock-forming 

minerals and their volume percentages to be plagioclase--63.5%, quartz-- 

12.0%, hornblende--15.2%, biotite--6.8%, and interstitial K-feldspar-- 

1.0%. Magnetite, apatite, sphene, and zircon constitute the accessory 

minerals--1 .5% in volume. The plagioclase is twinned and strongly zoned 

from An60 cores to An25 rims and has the mean composition of andesine. 







Minor amounts of c h l o r i t e  and s e r i c i t e  c o n s t i t u t e  t h e  d e u t e r i c  a l t e r a t i o n  

products .  The chemical ana lyses  of two qua r t z  d i o r i t e  samples a r e  given 

i n  t a b l e  2. 

Daci te  porphyry (Tdp) 

This. u n i t  comprises a sequence of s u b a e r i a l  flows of d a c i t e  porphyry 

w i t h  a minimal aggrega te  t h i ckness  of s e v e r a l  hundred meters .  A s  t he  

. d a c i t e  porphyry f lows are massive and s t r u c t u r e l e s s ,  t h i cknesses  nf 

individual  f lows a r e  imper fec t ly  known bu t  they  probably a r e  on t h e  o r d e r  

of s e v e r a l  t e n s  of meters .  

In  hand specimen the d a c i t e  porphyry is  tan and has a p o r p h y r i t i c  

t e x t u r e  w i t h  corroded phenocrysts  of p l a g i o c l a s e ,  q u a r t z ,  and a l t e r e d  

hornblende a s  much as 7 mu i n  maximum dimension, evenly d i s t r i b u t e d  i n  

a f ine-gra ined  h o l o c r y s t a l l i n e  mat r ix .  Thin s e c t i o n s  show t h a t  t h e  

p l a g i o c l a s e  phenocrysts  are subhedra l  t o  anhedra l  , twinned, s l i g h t l y  

s e r i c i t i z e d ,  and a r e  normally zoned from c a l c i c  andes ine  t o  spd ic  o l igo-  

c l a s e .  The qua r t z  phenocrysts  have rounded and resorbed h a b i t s .  The 

hornblende phenocrysts  have been p a r t l y  replaced by magnet i te ,  possibly 

hemat i t e ,  and some chlorYte.  The very f ine  gra ined  matrix c o n s i s t s  of 

q u a r t z ,  p l a g i o c l a s e ,  and some K-feldspar. Chemical ana lyses  of  two 

d a c i t e  porphyry samples a r e  given i n  t a b l e . 2 .  

Pyroxene a n d e s i t  e (Tpa) 

The  pyroxene a n d e s i t e  occurs  i n  two s m a l l  pa t ches ,  the e r o s i o n a l  

remnants of a former ly  more e x t e n s i v e  sequence of s u b a e r i a l  f lows.  Both 

exposures  comprise s e v e r a l  superimposed f lows w i t h  i n d i v i d u a l  t h i cknesses  

of 10 t o  15 m (abtut 33 t o  50 f t ) .  



I n  hand specimen the  a n d e s i t e  i s  da rk  gray t o  b lack  and a ~ y ~ a n i t i c  

w i th  s p a r s e  p l a g i o c l a s e  phenocrysts  as much as 5 mm long (about 0.2 i n . ) .  

The rock f r a c t u r e s  conchoida l ly .  Thin s e c t i o n  s t u d i e s  sl,ow t h e  p lag io-  

clase pllenocrysts t o  be  annedra l  t o  subhedra l ,  twinned, zoned from An55 

t o  about An40 wi th  an  average composition of c a l c i c  andesine.  The matrix 

c o n s i s t s  of f ine-gra ined  c r y s t a l s  of e longated  c a l c i c  andes ine ,  rounded 

a u g i t e ,  magiret i te ,  minor anhedra l  q u a r t z ,  and abundant dark brown t o  

black i n t e r s t i t i a l  g l a s s .  Subordinate  a l t e r a t i o n  products  comprise 

c h l o r i t e ,  l i m o n i t e ,  and c l a y s .  The t e x t u r e  is  t r a c h y t i c .  Chemical 

ana lyses  of two pyroxene a n d e s i t e  samples are shown i n  t a b l e  2. 

GEOLOGY OF A PART OF THE TALKEETNA MOUNTAIXS A-5 QUADRANCLE 

The area mapped i n  t h e  Talkee tna  Mou?.tains A-5 quadrangle underlies 
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approximately 29 km (about 19  m i  ) i n  the c e n t r a l  p o r t i o n  of the quad- 

r a n g l e  ( f ig .  5 ) .  Its topography i s  t y p i c a l l y  a l p i n e - a n d  c h a r a c t e r i z e d  

by s e r r a t e  r i d g e s  and g l a c i a l l y  carved v a l l e y s ;  l o c a l  r e l i e f  is  a s  much 

as 800 in (about 2,600 f t ) .  Because the a r e a  i s  above t imber l ine ,  exposures  , 

a r e  g e n e r a l l y  good. 

The mapped area l i e s  a thwar t  t h e  border  zone of a  l a r g e  b a t h o l i t h i c  

complex; bedrock c o n s i s t s  of p l u t o n i c  rocks  and t h e i r  a s s o c i a t e d  l a t e -  

stage rocks  and, t o  lesser e x t e n t s ,  a requence of mafic metavolcanics  

and in te rbedded  marble.  The p l u t o n i c  rocks  form t h e  western p o r t i o n  of 

t h e  in fo rma l ly  named Talkee tna  Mountains b a t h o l i t h i c  complex. They 

c o n s i s t  dominantly of qua r t z  d i o r i t e  and t o n a l i t e  ( s ee  f i g .  6 f o r  

p l u t o n i c  rock  nomenclatures) ,  are of Ear ly  T e r t i a r y  age,  and r e p r e s e n t  

two ep izona l  t o  mesozonal i n t r u s i v e  members-of t h e  same p l u t o n i c  pe r iod .  

A more d e t a i l e d  d e s c r i p t i o n  of t h e  Talkee tna  Mountains b a t h o l i t h i c  complex 





w i l l  be given i n  a subsequent s e c t i o n .  The mafic,  t h a t  i s ,  a n d e s i t i c  

t o  basa l t i c ,me tavo lcan ic  rocks  and in te rbedded  marble had been r e g i o n a l l y  

metamorphosed i n t o  apparent  g r e e n s c h i s t  assemblages and subsequent ly 

were con tac t  metamorphosed into assemblages as h igh  as t h e  hornblende 

h o r n f e l s  f a c i e s  (Turner,  1968).  The width of t h e  con tac t  metamorphosed 

zone i s  a t  l e a s t  1 .5  km (almost 1 mi).  These rocks a r e  c o r r e l a t e d  wi th  

t h e  metavolcanic  and m e t a v o l c a n i c l a s t i c  sequences i n  t h e  Watana Lake 

area  and i n  t h e  C-4 quadrangle,  and thus  a r e  i n t e r p r e t e d  t o  be of l a t e  
4 

Paleozoic  age.  (The o r i g i n  and r e g i o n a l  c o r r e l a t i o n  of t h e s e  volcanogenic 

sequences has  been d iscussed  i n  t h e  s e c t i o n  on the  Watana Lake area.)  

The c o r r e l a t i o n  f u r t h e r  sugges t s  t h a t  t he  g r e e n s c h i s t  r e g i o n a l  metamorphism 

took p l ace  i n  l a t e  Fl~,cozoic t ime. 

X i n e r a l i z a t i o n  w i t h i n  t h e  mapped a r e a  comprises s c a t t e r e d  malachi te-  

bea r ing  v e i n l e t s  and l o c a l l y  de r ived  f l o a t  of hydrothermal quartz contain-  

i n g  apprec i ab le  amounts of copper ,  s i l v e r ,  and go ld ,  

P l u t o n i c  rocks  - 
Geologic s e t t i n g  

The p l u t o n i c  rocks  of the mapped a r e a  comprise p a r t s  of two i n t r u s i v e  

bod ie s  of t h e  same p l u t o n i c  ep i sode ,  as w e l l  as d i k e s  and p l u g s  of 

a s s o c i a t e d  l a t e - s t a g e  rocks .  The two i n t r u s i v e  members a r e  l i t h o l o g -  

i c a l l y  i d e n t i c a l .  They a r e  s epa ra t ed  by an approximately 400-m- (about 

1 ,300- f t )  wide mixed zone of gne i s sose  p r o t o c l a s t i c  border  phases,  

s c r e e n s  of  contact s c h i s t s ,  and p lugs  of l a t e - s t a g e  felsic rocks.  On 

t h e  accompanying geologic map of t h e  area (fig. 5 ) ,  t h e  two intrusive 

members are i n fo rma l ly  des igna ted  a s  t h e  western p lu ton  and the eastern 



-. 
p lu ton .  Contacts  between the p l u t o n i c  rocks and t h e  rnetavolcanic 

rocks  are sharp  and s t e e p ,  and appear t o  be d i sco rdan t .  

Petrography 

Tonal i te -quar tz  diorite.--The two i n t r u s i v e  members c o n s i s t  of 

l i t h o l o g i c a l l y  s i m i l a r  t o n a l i t e  which occas iona l ly  ranges i n t o  qua r t z  

d i o r i t e  ( f i g .  7 ) .  

In hand specimen, the t y p i c a l  t o n a l i t e  of both p lu tons  i s  medium 

g ray ,  c o a r s e  t o  medium g ra ined ,  and has a g r a n i t i c  t e x t u r e .  b f a i r  flow 

f o l i a t i o n  i s  conspicuous i n  a l l  samples. No f ine-grained border  phases 

were observed a t  c o n t a c t s  w i th  t h e  metavolcanic  rocks.  

Thin s e c t i o n  s t u d i e s  i n d i c a t e  t h a t  t h e  t o n a l i t e s  c o n s i s t  of andes ine ,  

quartz, hornblende,  and subord ina t e  o r t h o c l a s e .  The andes ine  i s  g e n e r a l l y  

twinned and has a n  average composition of about h 3 8 .  Some of the andes ine  . 
c r y s t a l s  are normally zoned from about Pn44 t o  about  An34. Quartz 

i n v a r i a b l y  has undula t ing  e x t i n c t i o n  and f r e q u e n t l y  forms composite g r a i n s  

w i t h  su tu red  boundaries  between t h e  i n d i v i d u a l  q u a r t z  c r y s t a l s .  Hornblende 

i s  p l eochro ic  f rom l i g h t  brownish green t o  medium green.  B i o t i t e  g e n e r a l l y  

forms l a r g e  i r r e g u l a r  f l a k e s  and is p leochro ic  from l i g h t  ye l lowish  brown 

t o  dark  g reen i sh  brown. Both hornblende and b i o t i t e  tend  ro  occur  i n  

c l u s t e r s .  Or thoc lase  i s  always i n s t i t i a l .  Sphene, magnet i te ,  apatite, and 

z i r c o n  c ~ n s t i t u t e  t h e  a c c e s s o r i e s .  A l t e r a t i o n  products  c o n s i s t i n g  of 

e p i d o t e ,  c h l o r i t e ,  and s e r i c i t e  were observed i n  minute amounts i n  a f e w  

t h i n  sections. 

T h i r t e e n  chemical and spec t rog raph ic  ana lyses  and eleven modal counts  

have been obta ined  on t h e  t o n a l i t e - q u a r t z  d i o r i t e  of the t w o  p lu tons  
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( t a b l e  3 anu f i g .  7 ) .  The narrow range of the chemical and modal ana lyses  

f u r t h e r  ind,cate t h a t  t h e  i n t r u s i v e  members are l i t h o l o g i c a l l y  uniform 

and i d e n t i c a l .  The c o l o r  index  of t h e  t o n a l i t e s  ranges  from 21 t o  30 

w i t h  an  o v e r a l l  average of about  24. There i s  a f a i r  agreement between 

t h e  chemistry of t h e s e  t o n a l i t e s  and t h a t  of t h e  hornblende-b io t i te  

t o n a l i t e  of Nockolds (1954). 

The gne issose  and p r o t o c l a s t i c  border  phases of the t o n a l i t e s  a r e  

c o m p o s i t i ~ n a l l y  s i m i l a r  t o  the main rock body, but they  have d i v e r s e  

g r a i n  s i z e s ,  and t h e i r  c o n s t i t u e n t  minera ls  have been i n t e d s e l y  granula ted .  

The l a t e - s t a g e  rocks c o n s i s t  of ap l i te -a lask i - te  d i k e s  a s  much as 

0 .4  rn (about 1 6  i n . )  t h i c k .  I n  the border  zone between t h e  two t o n a l i t e  

p lu tons ,  t h e s e  rocks l o c a l l y  grade i n t o  sma l l  i r r e g u l a r  bodies  of 

a l a s k i t i c  g r a n i t e  and g r a n o d i o r i t e .  

.The l a t e - s t a g e  rocks a r e  l i g h t  t a  medium gray ,  dominantly medium 

t o  fine gra ined ,  and,  r a r e l y ,  c o a r s e  gra ined .  Texture  v a r i e s  from 

i r r e g u l a r  and a p l i t i c  i n  t h e  d i k e s  t o  g r a n i t i c  i n  t h e  c o r e s  of the 

l a r g e r  bodies .  The c o l o r  index i s  g e n e r a l l y  below 5. 

Thin s e c t i o n  s t u d i e s  show the l a t e - s t a g e  rocks  t o  c o n s i s t  of tvinned 

and zoned o l i g o c l a s e ,  mic roc l ine ,  s t r a i n e d  q u a r t z ,  b i o t i t e ,  and sub- 

o r d i n a t e  hornblende. Accessor ies  are a p a t i t e ,  magne t i t e ,  and sphene, 

Myrmekitic i n t e rg rowths  of o l i g o c l a s e  and K-feldspar are common. In 

some rocks the feldspars have been moderately s e r i c i t i z e d  and t h e  mafic  

mine ra l s  c h l o r i t i z e d .  

Chemical ana lyses  and/or  modal counts  of t h r e e  l a t e - s t a g e  rocks  

a r e  shown i n  t a b l e  3. 



. 
The  contac t  schists, occurr ing  a s  large screens  in.the border  zone 

betwden t h e  two intrusive members ,  a r e  d a r k  gray and medium grained, 

have s c h i s t o s e  t e x t u r e ,  and a r e  composed o f  b i o t i t e ,  q u a r t z ,  p l a g i o c l a s e ,  

K-feldspar,  a,ld mind; hornblende. 

S t r u c t u r a l  f e a t u r e s  and p l ~ l t o n  emplacement 

The most c h a r a c t e r i s t . : ~  s t r u c t u r a l  f e a t u r e  of both i n t r u s i v e  members 

i s  a f a i r l y  w e l l  developed f o l i a t i o n ,  r e a d i l y  marked by t h e  flow alignment 

' of b i o t i t e  ( f i g .  5 ) .  Elongate p r i sma t i c  c r y s t a l s  of hornblende i n  p l aces  

form a  d i s t i n c t  l i n e a t i o n  within the  f o l i a t i o n  plane. General ly ,  t h e  

f o l i a t i o n  i s  r egu la r  except in and near t h e  border  zone between t he  two 

i n t r u s i v e s  where i t  becomes s w i r l : .  and i r r e g u l a r .  

Xenol i ths  a r e  scarce i n  ~ i t h e r  i n t r u s i v e ,  out where present  they are 

e longa te ,  w i th  a  maximum dirnensidn of 0.3 rn [about 12  i n . ) ,  and are 

completely r e c r y s t a l l i z e d .  

The p r e v a i l i n g  s t r u c t u r e  and petrography of t h e  two i n t r u s i v e s  

sugqest t h a t  they  were enplaced a t  r e l a t i v e l y  moJerate  depths  i n  t h e  

earth's crust. According t o  t h e  c l a s s i f i c a t i o n  o f  Buddington (1959), t h e  

c h a r a c t e r i s t i c s  of t h e  two p lu tons  appear t o  be t r a n s i t i o n a l  between the 

mesozone and t h e  epizone. The f o l i a t i o n  and l i n e ' t i o n ,  t h e  lack of ch i l l -  

bo rde r  phases ,  and the greensch i s t  facies.meramorphism of the country rock 
. . 

tend t o  a l l y  t h e  i n t r u s i v e s  with the  mesozone., On the o t h e r  hand, the 

sharp  and appa ren t ly  d i sco rdan t  c o n t a c t s  w i t h  t h e  country rock ,  the  

numerous undefo.nned a p l i t e - a l a s k i t e  d i k e s ,  and t h e  early T e r t i a r y  ages 

of t h e  i n t r u s i v e s  ( s ee  later) are indicat ive of t h e  ep izonal  cond i t i ons .  

The similar ages, i d e v t i c a l  l i t h o l o g i e s ,  and t h e  s p a t i a l  j u x t a p o s i t i o r  . 

of the two p lu tons  i n d i c a t e  t h a t  they  were emplaced by succes s ive  i n j e c t i o n s  



* 
,of consanguineous magmas of i d e n t i c a l  composi t ions.  A s  only p a r t s  of 

t h e  two p lu tons  and t h e i r  country rocks have been mapped, t h e r e  is  no 

informat ion  on the  methods of magma emplacement, , 
/ 

Age and c o r r e l a t i o n  

Avai lab le  s t r a t i g r a p h i c  evidence suggest  a pos t - l2 t e  Mesozoic age 

f o r  t h e  two p lu tons .  On t h e ' b a s i s  of r e g i o n a l  c o r r e l a t i o n ,  t h e  in t ruded  

metavolcanic  count ry  rock i s  a s s u m ~ d  t o  be of l a t e  Pa leozoic  age. Green- 

s c h i s t  f a c i e s  r e g i o n a l  metamorphism of the count ry  rock ,  which p r e d a t e s  

t h e  emplacement of the p lu tons ,  i s  pos tu l a t ed  t o  have taken  place i n  l a t e  

Mesozoic t i m e ,  as an appa ren t ly  c o r r e l a t i v e  metamorphic event  w a s  so  

da t ed  by Smi th  and Turner  (1973) i n  the c e n t r a l  Alaska Range. 

A concordant  K-Ar age  de t e rmina t ion  on c o e x i s t i n g  hornblenLe and 

b i o t i t e  w a s  ob ta ined  f o r  each of t h e  two p lu tons  ( t a b l e  4 ) .  The ca l cu la t ed  

ages of e i t h e r  mineral p a i r s  d i f f e r  by less than  5 pe rcen t .  These age 

de t e rmina t ions  i n d i c a t e  t h a t  t h e  p lu tons  were emplaced w i t h i n  a s h o r t  

per iod  of each o t h e r  i n  v e r y  e a r l y  T e r t i a r y  t i m e .  

According t o  Reed and Lanphere (1969, 1973) ,  emplacement of g r a n i t i c  

p l u t o n s  i n  sou the rn  Alaska has  occurred i n  t h r e e  d i s t i n c t  p l u t o n i c  epochs. 

These epochs a r e :  Ea r ly  and Middle J u r a s s i c ,  from about  176 t o  154 m . y .  

ago; Late Cretaceous and e a r l y  T e r t i a r y ,  from about  83 t o  58 m.y. ago; 

and a middle T e r t i a r y  epoch betwe'en 38 t o  26 m.y. ago. The K-Ar age  

de t e rmina t ions  on the two p lu tons  of t h i s  r e p o r t  c l e a r l y  i n d i c a t e  t h a t  

they  belong t o  t h e  La te  Cretaceous-ear ly T e r t i a r y  p l u t o n i c  epoch. Com- 

p a r i n g  the chemistry and petrography of the two Talkee tna  Mountains p lu tons  

wi th  t h a t  of coeval  p l u t o n s  elsewhere i n  sou the rn  Alaska, the Talkee tna  

p lu tons  a r e  markedly s i m i l a r  t o  the  Summit Lake p l u t o n i c  s e r i e s  of Reed 

and Lanphere (1973, p . 2596). 
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Metavolcanic and marble sequence 

The metavolcanic  and marble sequence of t h e  mapped area lies w i t h i n  

t h e  con tac t  au reo le  of t h e  p l u t o n i c  rocks ,  thus  its prep lu ton ic  l i t h o l o g y  

and r e g i o n a l  metamorphic g rad ien t  is  imper fec t ly  known. A t t i t u d e s  of 

t h e s e  rocks appear  t o  be n e a r l y  v e r t i c a l .  The apparent  minimal t h i ckness  

of t h e  sequence i s  1 ,500  m (about 4,800 f t ) .  

Within about 1 km (about 0.6 mi) of t h e  p l u t o n i c  c o n t a c t s ,  t h e  

massive and dark-greenish-gray metavolcanic  rocks  have been completely 

r e c r y s t a l l i z e d  i n t o  f ine-gra ined ,  xenomorphic-granular t ex tu red  assemblages 

of hornblende,  sod ic  l a b r a d o r i t e ,  and some opaques. These rocks c l e a r l y  

belong t o  t h e  hornblende h o r n f e l s  f a c i e s  of Turner (1968). 

Beyond about  1 km from t h e  p l u t o n i c  c o n t a c t ,  t h e  metavolcanic  rocks  

underwent only  p a r t i a l  thermal  r e c r y s t a l l i z a t i o n .  The metavolcanics  i n  

t h i s  zone a r e  s t i l l  f i n e  gra ined  and dark green i sh  gray ,  b u t  have a 

f o l i a t e d  f a b r i c .  Thin s e c t i o n  studies show t h e s e  rocks  t o  c o n s i s t  of 

s c h i s t o s d  aggrega tes  of q u a r t z ,  f i b r o u s  amphibole, a l b i t e ,  and- subord ina te  

e p i d o t e ,  g r a n o b l a s t i c  hornblende,  c h l o r i t e ,  and opaques. The f i b r o u s  

amphibole a l s o  occurs  i n  needle- l ike  h a b i t s ,  i s  p l eochro ic  from light 
'a 

green t o  medium green ,  has  maximum e x t i n c t i o n  ang le s  l e s s  t han  20 degrees, 

and i t  i s  p r o v i s i o n a l l y  i d e n t i f i e d  a s  a c t i n o l i t e .  Some t h i n  s e c t i o n s  

c o n t a i n  an occas iona l  c l a s t ,  as much as 5 mm i n  maximum dimension, of 

a l t e r e d  b a s a l t  o r  a n d e s i t e ,  i n d i c a t i n g  a c l a s t i c  o r i g i n  f o r  a t  l e a s t  p a r t  

of t he  metavolcanic  s e c t i o n .  The g r a n o b l a s t i c  hornblende c r y s t a l s  a r e  

i n t e r p r e t e d  as products  of t h e r m a l  r e c r y s t a l l i z a r i o n ,  whereas t h e  f i b r o u s  

a c t i n o l i t e ( ? ) ,  a long  w i t h  t h e  s c h i s t o s e  t e x t u r e ,  appears  t o  i n d i c a t e  an 

e a r l i e r  g reensch i s t  facies  r e g i o n a l  metamorphism (Turner ,  1968) .  



The marble interbed is approximately 150 m (about 490 ft) thick and 

is neaily vertical. The marble is massive, medium grained, has a light 

gray to white color, and consists of equigranular granoblastic aggregates 

of calcite and subordinate olivine, probably forsterite. The presence of 

forsterite indicates that the marble interbed too has been recrystallized 

into hornblende hornfels. 

The mineral assemblages, the occasional relict volcanic rock clats 

and schistose textures, and the overall field aspects of these mafic 

hornfelsic rocks suggest that they have evolved from a mafic, that is, a 

basaltic to andesiric, metavolcanic and metavolcaniclastic sequence of 

apparent greenschist facies metamorphism. On the basis of lithologic 

similarities, the metavolcanic rocks and the interbedded marble are 

correlated with the late Paleozoic metavolcanic and metavolcaniclastic 

sequences of the Watana Lake and the C-4 quadrangle areas, 

TALKEETNA MOUNTAINS BATHOLITHIC COMPLEX 

The plutonic rocks mapped in the A-5 quadrangle are part of an 

inadequately known batholithic complex, herein named the Talkeetna 

Mounuins batholithic complex, which underlies a.northeast elongate area 

2 2 
of approximately 6,500 km (about 2,500 mi ) in the core of the Talkeetna 

Mountains (fig. 2). Emplacement of the complex appears to have been 

controlled by the northeast-trending regional structural grain. Country 

rock contacts, however, are dominantly discordant and steep, and are 

always sharp. 

Country rocks northwest of the batholithic complex consist of 

strongly deformed Paleozoic metavolcanic and metavolcaniclastic rocks 

which have been regionally metamorphosed, apparently in late Mesozoic 



t ime ,  i n t o  g r e e n s c h i s  t f a c i e s  , l o c a l l y  amphiboli t e  f o c i &  assemblages. 

011 t l ~ u  sourheast: t h c  intruded country rocks comprise d c f  ormed Mesozoic 

volcanic  and sedimenrjary rocks which only locally have undergone low 

grade ,  no t  h igher  t h a n  prehn i t e -p~rnpe l ly i re~ fac i e s  r eg iona l  metamorphism. 

Thermal metamorphic e f f e c t s  extend as much as 2 km (about 6,500 ft) 

i n t o  t h e  country rocks. A s  f a r  as 1 km from p lu ton ic  c o n t a c t s ,  t he  

country rocks have been r e c r y s t a l l i z e d  i n t o  hornblende ho rn fe l s  fac ies  

assemblages. 

The b a t h o l i t h i c  rocks a r e  c h i e f l y  t o n a l i t e ,  qua r t z  d i o r i t e ,  grano- 

d i o r i t e ,  and g r a n i t e  (K-feldspar z p l a g i o c l a s e ) ,  bu t  they inc lude  sub- 

o r d i n a t e  d i o r i t e  and gabbro. Dominant g r a i n  s i z e s  are  medium and coa r se ,  

The bulk of the ba , tho l i t h i c  rocks display f l ow- fo l i a t i on  and spa r se  

l i n e a t i o n .  The b a t h o l i t h i c  complex is  obviously composite,  b u t  t h e  

number and a r e a l  ex t en t '  of its c o n s t i t u e n t  p lu tons  a r e  no t  y e t  known. 

Late-s tage rocks of a p l i t e - a l a s k i t e ,  and t h i n  t o  moderately t h i c k  q u a r t z  

v e i n s  are common throughout t h e  complex. 

P re sen t ly  a v a i l a b l e  s t r u c t u r a l  and pe t rog raph ic  informat ion  provi-  

s j iana l ly  suggest  t h a t  the p lu tons  of t h e  complex were emplaced as magma 
I '  I 

i n t r u s i o n s  a t  depths  t r a n s i t i o n a l  between t h e  epizone and mesozone of 

Buddington (1959). The widespread f o l i a t i o n  and the apparent  l a c k  of 

c h i l l  zones a r e  i n d i c a t i v e  of t h e  mesozone, whereas t h e  domonantly d i s -  

cordant  and sharp  c o n t a c t s  and t h e  numerous undeformed a p l i t i c  d ikes  

are sugges t ive  of the epizone.  Geologic informat ion  obta ined  so  f a r  i s  

inadequate t o  p o s t u l a t e  on t h e  methods of magma emplacement. 

The new K-Ar age de t e rmina t ions  from t h e  Talkee tna  Mountains A-5 

quadrangle (descr ibed p r e v i o u s l y ) ,  and another  ob ta ined  by Grantz and 



Lanphere (in Reed and Lanphere, 1969) from the  southwest p o r t i o n  of 

t h e  TaLkeetna Mountains b a t h o l i t h i c  complex i n d i c a t e  a  Late Cretaceous- 

e a r l y  T e r t i a r y  age f o r  t h e  wes tern  iwo-thirds  of t h e  complex. I n  c m t r a s t ,  

K - A r  and Pb-a age de termina t ions  by Grantz and o t h e r s  (1963) from the 

Kosina p lu ton ,  forming the  eas te rnmost  p a r t  o f  the  Talkee tna  Mountains 

b a t h o l i t h i c  complex, y i e lded  J u r a s s i c  ages.  Thus, i n t r u s i v e s  af at 

l e a s t  two p l u t o n i c  epochs a r e  p re sen t  i n  t h e  b a t h o l i t h i c  complex. 

E a r l i e r  workers (Pa ige  and Knogf, 1907; Capps, 1916, 1940) postul<-ted 

t h a t  most i f  no t  a l l  o f  t he  complex was made up by J u r a s s i c  rocks.  

According t o  Reed and Lanphere (1969),  most mineral  d e p o s i t s  i n  

sou the rn  Alaska a r e  a s s o c i a t e d  wi th  p lu tons  of Late Cre taceous-ear ly  

T e r t i a r y  age. Thus, t h e  new age de termina t ions  from t h e  l a r g e l y  unexplored 

Talkee tna  Mountains b a t h o l i t h i c  complex suggest  t h a t  t h e  wes tern  two-third:. 

of t h e  complex i s  a  g e o l o g i c a l l y  f avo rab le  a r e a  f o r  minera l  exp lo ra t ion .  

TECTONIC SIGNIFICANCE OF THE U T E  PALEOZOIC METAVOLCANIC AND 

METAVOLCANICLASTIC ROCKS OF 'THE TALKEETNA MOUNTAINS 

Results of the p r e s e n t  i n v e s t i g a t i o n s  i n d i c a t e  that t h e  l a t e  'a leozoic  

metavolcanic  and rne t avo lcan ic l a s t i c  rocks form a broad, no r theas t - t r end ing  

belt i n  t h e  c e n t r a l  and no r the rn  Talkee tna  Mountains. The s t r u c t u r a l  

g r a i n  of t h e s e  rocks a l s o  t r ends  northeastward.  These volcanog-nic  rocks 

a r e  i n t e r p r e t e d  t o  constitute t he  remnants of t h e  same l a t e  Pa leozoic  

vo lcan ic  i s l a n d  a r c  system as  i n  t he  e a s t e r n  Alaska Range (R ich te r  and 

Jones,  1970, 1973),  and i n  t h e  w e s t - c e n t r a l  Alaska Range (Clark and 

o t h e r s ,  1972) .  Thus, remnants of t h i s  i s l a n d  a r c  u n d e r l i e  cons ide rab ly  

l a r g e r  a r e a s  than  p rev ious ly  recognized ( f i g .  8). 
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Rich te r  ~ n d  Jones (1970, 1973) p o s t u l a t e  t h a t  t h e  l a t e  Pa leozoic  

vo lcan ic  i s l a n d  arc system has o r i g i n a l l y  developed on an oceanic  p l a t e  

i n  connect ion wi th  t h e  southward subduct ion of t h e  dominantly c o n t i n e n t a l  

North American p l a t e  which had a leading edge of oceanic  c r u s t .  By Late  

Permian t i m e ,  most of t h e  l ead ing  edge of oceanic  c r u s t  had been consumed, 

and t h e  vo lcan ic  island a r c  began t o  c o l l i d e  w i t h  t h e  c o n t i n e n t a l  portion 

of t h e  North American p l a t e .  A s  a  r e s u l t  of r e v e r s a l  i n  t h e  d i r e c t i o n  

of p l a t e  subduct ion i n  Ear ly  T r i a s s i c  t ime,  t h e  remnants of t h e  i s l a n d  

a r c  were added t o ,  and became p a r t  o f ,  t h e  North American p l a t e .  I n  t h e  

e a s t e r n  Alaska Range, t h e  zone of s u t u r e  between i s l a n d  a r c  rocks and 

those  of t h e  c o n t i n e n t a l  North American p l a t e  co inc ides  wi th  t h e  mid- 

T e r t i a r y  r i g h t - l a t e r a l  Denal i  F a u l t  (fig. 8) .  

I n  t h e  c e n t r a l  Alaska Range, t h e  l o c a t i o n  of the s u t u r e  zone, that i s  

t h e  edge of t h e  o r i g i n a l  North American p l a t e ,  i s  imper fec t ly  known. The 

o p h i o l i t i c  sequence and the  i s l a n d  a r c  rocks  i n  t h e  wes t -cent ra l  p o r t i o n  

of t h e  Range t r e n d  about  n o r t h e a s t  a t  an  a c u t e  angle  t o  t h e  Denal i  Fau l t  

(Clark and o t h e r s ,  1972) ,  as do a l l  t h e  c o r r e l a t i v e  rocks i n  the  Talkee tna  

Mountains. The n o r t h e a s t  t r e n d  of t h e  l a t e  Pa leozoic  rocks  i n  th; west- 

c e n t r a l  Alaska Range and i n  t h e  Talkee tna  Mountains i s  i n t e r p r e t e d  t o  be 

p a r a l l e l  with t h e  edge of the  c o n t i n e n t a l  p o r t i o n  of t h e  North American 

l a t e ,  a g a i n s t  which t h e  late Paleozoic  i s l a n d  arc rocks  were molded. 

The o p h i o l i r i c  sequence of t h e  Upper Chu l i t na  d i s t r i c t ,  which con ta ins  

a l t e r e d  u l t r a m a f i c  bod ie s ,  could ve ry  w e l l  r e p r e s e n t  t h e  a c t u a l  zone of 

s u t u r e .  In  t h a t  c a s e  t h e  zone should d ive rge  i n  a southwes ter ly  d i r e c t i o n  

from. t h e  northward convex cour se  of t h e  Denal i  Fau l t  system somewhere near 



t h e  northernmost segment ( f i g .  8) .  Thus, west of t h e  a r e a  of d ivergence  

t h e  course of the Denali F a u l t ,  as shown by King (1969), is w i t h i n  - 
c o n t i n e n t a l  rocks  of t h e  o r i g i n a l  North American p l a t e .  

Richter  and Jones (1970, 1973) i n t e r p r e t  t h e  Denal i  F a u l t  i n  t h e  

e a s t e r n  Alaska Range as a s t r i k e - s l i p  f a u l t ,  having formed by renewed 

northwestward p l a t e  motion i n  the  no r the rn  P a c i f i c  s i n c e  mid-Tertiary 

time. I n  accordance wi th  t h i s  concept ,  t h e  western p o r t i o n  of t h e  

Denali Fault-- the p o r t i o n  w e s t  of the northwarJ apex--by v i r t u e  of i t s  

sou thwes te r ly  d i r e c t i o n  and apparent  p o s i t i o n  w i t h i n  t h e  c o n t i n e n t a l  

North American p l a t e  should s p l i n t e r  and even tua l ly  d i e  o u t ,  o r  a t  l e a s t  

change i n t o  a f a u l t  system of d i f f e r e n t  c h a r a c t e r .  Accordingly, s t r i k e -  

s l i p  displacement  along t h i s  p o r t i o n  of t h e  Denal i  F a u l t  i s  minimal and 

large-scale earthquakes appa ren t ly  a r e  u n l i k e l y .  
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