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GEOLOeY OF PART OF THE AMPHXTHWTRE MOUN'JSINS 
MT , HAYES Q U m W G L E ,  ALASKA 

by Arthur W. Rose 

Reconnaissance geologic mapping in the Amphitheatre Mountains north 
of the Denali Highway shows that basalt and arradesite flowso silicis tuffs 
%nd tuffaceous sediments, and andesite agglomerate of the ~riassic(?) Amphi- 
theatre farmation are intruded by gabbxo, granite, and peridotite, Some of 
the gabbrs appears to occur as a th ick  layered sB,lP or lopo2itht other 
gabbrs and dizbase occur as sills in the tuffs and tuffaceous sediments, 
In general the sediments and s n 1 B  dip gently northward, 

A layer of mafic gabbro about 150 feer khick eontams about 22% iron 
in magnetite and ilmenite, A magnetic concentrate contained 47% Iron and 
E109% TiOZo Stream sediment sampling detected several copper anomalies 
whish deserve follow-up, 

Geochemical analyses of stream sediments collected in 1964 showed weak 
to moderate anomalies for copper, lead, zinc, and molybdenum in part of 
the Amphltheatre Mountains just north of %he Denali Highway and about 10 
miles ;ves% of the Richardson Highway a% Paxson (Rose and Samnders, 1965). 
In 2965, seven days were spent in the Amphitheatre lbuntains collecting 
addltaonal geochemical samples in the vneinity of the anomalies and mapping 
geology, One day was spent in the area near Landmark Gap (figure 2 ) @  in the 
M%, Hayes A-5 quadrangle ]us% w e s t  of the area shown on figure 1, Consi- 
derable snow was present on the north side of the range, so the geologic 
map is still ineomp9etee Except f o ~  a few sharp valleys and steep slopes, 
outcrops are not common in the area, especially in the higher partso and 
much of the mapping is based on frost-heaved blockse 

ROCK UNITS 

Amphitheatre Formation 

Basalt and Andesite 

The basalt and andes~te unft consists mainly of massive fine-grained 
dark green 'basalt, locally containing plagioclase phenocrysts, Minor 



3rncunts sf medium gray-green porphyri-tlc andes i t e  wi th  a fine-grained t o  
-1phanitie groundmass i s  a l s o  p r e s e n t -  Indiv idual  flows can r a r e l y  be 
secognized, AmygduPes of c h l o r i t e  and o t h e r  minerals  a r e  spa r se ly  developed 
i n  some zones, This  i s  t h e  same rock as described under t h e  heading 
"%rnm-i;hieheatre basa%tl<n t h e  Paxson a r e a  (Rose and Saunders, 1965, po 4) 

SiLEsie t u f f  and t u f  faceous sediments 

The t u f f  and tuf faceous  sediments a r e  t y p i c a l l y  hard,  s i l i c e o u s o  and 
light gray t o  buf f ,  Local lyo bedding ~s observed i n  u n i t s  118 t o  1 inch 
thick defined by changes i n  g r a i n  s i z e  and composition, The g r a i n  s i z e  
ranges from f i n e  to coarse sand, w i t h  a silica cement t h a t  i s  d i f f i c u l t  to 
d i s t i n g u i s h  from t h e  g ra ins ,  I?iineralspresent include quar t z ,  feldspar, 
and c h l o r i t e ,  C a l c i t e  cement n s  p resen t  i n  some 1 0 c a l i t l e s ~  A p y r o c l a s t ~ c  
origin r'or at: Peasc p a r t  of these  rocks i s  in fe r red  from the  ha.rd s i l i c e o u s  
matrix p l u s  t h e  assseiatlsn w i t h  volcanic  rocks,  

Sn t h e  a r e a  near  Landmark GapJ t u f f s  l i k e  those described above are 
interbedded with a t h i c k  sequence of coarse-grained massive a n d e s i t i c  o r  
d a c i t i c  t u f f ,  One l imestone bed about %O inches t h i c k  w a s  found an the 
t u f f s  of t h i s  a r e a ,  

Diabase and t u f f  aceous sediments 

The a r e a  j u s t  south of Sugarloaf Mountain i s  composed of t h i n  zones 
of s i l i c e o u s  t o  a n d e s i t i c  t u f f  and tuf faceous  sediments, mostly well-bedded, 
separated by more extens ive  masses of  diabase which a r e  bel ieved t o  be sills, 
I n  add i t ion  t o  tuf faceous  sediments f i l c e  those descr ibed above, subordinate  
m o u n t s  of  andes i t e  o r  basalt t u f f e  b lack  s iPiceous a r g i l l i t e ,  black slaty 
p y r i t l f e r o u s  sha le ,  and t h i n  r e c r y s t a l l i z e d  l imestone a r e  p resen t ,  Fine  
py r i t e  i s  p resen t  i n  most of  the  t u f f s  and tuf faceous  sediments, but  is 
especially zbundant i n  one black shale u n i t .  

Diabase appears t o  fozm about 75% of t h e  u n i t ,  I t  i s  f i n e  - t o  medium- 
grained, with s k e l e t a l  pyroxene g r a i n s  up t o  s e v e r a l  mi l l ime te r s  i n  size 

loca91y p r e s e n t ,  I n  a l l  cases  where a con tac t  could be found, t h e  diabase 
was conformable with t h e  tuf faceous  sediments and appeared t o  be a s i l l ,  
However, some diabase may have o r ig ina ted  as t h i c k  flows or dikes .  A t h i n  
section of a typical specimen indicates an original composition of a b o u t  3 5 : ,  

l a b r a d o r i t e  and 65% aug i t e ,  p l u s  traces of magnetite-i lmenite and p y x a r e ,  
Pa r t i a l  a l t e r a t i o n  of augite t o  a c t i n o l i t e  has oceusrred, The subhedral 
f e l d s p a r s  a r e  p a r t l y  enclosed i n  coarser  s k e a e t s l  aug i t e ,  



r~ndcsite agglomerate 

The mountain about 2 mlles southeast of Sugarloaf Ivlountain (location 
of triangulation station  angle) consists largely of agglomerate and some 
Luff containing rounded to subangular fragments of andesite up to several 
inches in size, The andesite of the fragments typically contains sparse 
plagioclase phenocrysts set in an aphanitie green groundmass- The matrix 
of the agglomerate appears to be finer-grained material of the same 
compos~tion, and may include some devitrified glass, along with small 
fragments of andesite altered to chlorxte, epidote, calcite, and other 
minerals, 

Inter-relations of units in the Amphitheatre formation 

The massive basalt at the eastern end of the map area is continuous 
.~:r"rl= the thick (more than 2000 feet) section of basalt exposed on Paxson 
-,-cuntain just to the southeast (Rose and Saunders, 1965) Basalt on 
Sugarloaf Mountain appears lithologically identical. The latter basalt 
grades downward through several hundred feet of andesitic tuffs and flows 
into the tuffaceous sediment and diabase sequence, The existence of the 
fault east of the tuff-dlabase sequence 1s questionable, but no tuffs or 
Cuffaceous sediments were found to the east of this fault, l4ost exposures 
near geochen samples 41 and 42 are andesite agglomerate and few exposures 
are basalt or diabase, The fault is shown as the most likely alternative, 
but it is possible that the difference in rock type results from facies 
changes near a volcanic vent. The relations of the basalt north of the 
sgglomerate are not clear. 

Tuff and gabbxo south of the agglomerate appear to underlie the 
agglomerate, and may correlate with similar tuffs in the central part 
of the map area, Alternatavely, this tuff and gabbro may correlate wlth 
the tuff-diabase unit to the west, with a facies change instead of a fault 
between the agglomerate and the upper part of the tuff-diabase unit, The 
questionable andesite agglomerate east of the main body of agglomerate 
is underlain by black siliceous argillite, and this in turn by gabbro and 
buff to gray siliceous tuff, These relations further suggest that the 
siliceous tuffs and gabbros of the central part of the area may underlie the 
agglomerate, but detailed correlation of units was not possible. 

About 40 miles to the west In the drainage of Clearwater Creek, I v I o f f i t  

(1912) describes Triassic limestone associated wlth "banded slates, black 
slates, red-weathering slates or shales, graywackes or fine tuffs, t u f f a -  
ceous conglomerates and diabase f l o w s  or intrusions" which overlie basalt 
or greenstone. The tuffs, tuffaceous sediments, limestone, and basal t  of 
the map area are tentatively considered Triassic on the basis of similar~ty 



to tae rocks 3escribed by Moffit, and other r e l a t i o n s  previous ly  descr ibed 
by R a s e  and Saunders (1965 1 , However, a Permf an aqe f s a l s o  p o s s i b l e  
f o ~  some of t h e  rocks, and t h e  diabase s i l l s  probably c o r r e l a t e  w i t h  t h e  
gabb~o described below, 

Gabbro and mafic gabbro 

Gabbro and mafic-rich gabbro form a barge propor t ion  of the c e n t r a l  and 
eastern part of the  map a rea ,  The g a b b ~ s  v a ~ i e s  not iceably  i n  g r a i n  size, 
composition, and t e x t u r e ,  The major past. of t h e  gabbro is medium-grained 
&naboak 1-2 m) and con ta ins  a u g i t e  (dialEage) and p lag ioc lase  (mostly 
An 55-65, Angs i n  one sample) wit31 accessory magnetite-ilrnenite, Minor 
a l t e r a t i o n  of p lag ioe lase  t o  s a u s s u s i t e  and aug i t e  to a c t i n o l i t e  i s  common, 
Some zones show vesy disc inek  f o % f a t i o n  defined by p re fe r red  or ien$at ion  
o f  p lag ioc lase  and s l i g h t  cmpositEsna$ layer ing ,  The observed f o l i a t i o n  
has s h a l l o w  ta modexate daps t o  rhe nor th  and south, 

W zone i n  the c e n t r a l  pazt  of t h e  gaEbro complex, show3 as mafie gabbro, 
i s  considerably darker  in co lo r  and f i n e r  grained [k/2 - % m], A t  l e a s t  
part  of t h i s  zone consists sf nor i t e  (orthopyroxene and plagis@9ase,  
Table E ,  sample 5 ~ 2 4 l . A )  and l o c a l  areas approach pyroxeni te  i n  composition, 
Some gabbro with  both elinapyroxene and ~ r ~ h o p y s o x e n e  i s  a l s o  p r e s e n t ,  
One zone (dascusaed f u r t h e r  under economic geology) conta ins  between 25  
amel 30% magnetite. 

The f o l i a t i o n  and the compositianal v a r i a b i l i t y  suggest t h a t  a t  l e a s t  
pan t  of t h e  gabbro complex i s  a d i f f e r e n t i a t e d  s i l l  o r  lopol i%h,  The gabbro 
i n  %he north-western p a r t  of t h e  compBex almost c e r t a i n l y  occurs  a s  t h i c k  
sills separated by t u f f  units, However, t h e  t rend  of some contac ts ,  and 
the l ack  of p e r s i s t e n c e  0% some d i s t i n c t i v e  S i tho log ies  suggests  t h a t  
mul t ip le  in t rus ion ,  f a u l t i n g ,  and o the r  processes  have operated i n  add i t ion  
t o  layer ing  from c r y s t a l  s e t t l i n g  ax other processes  of differentiation, 

Grani te  

The g r a n i t e  i s  exposed i n  $,he western p a r t  s f  t h e  gabbro a rea ,  I% is 
a Eight gray-fine-grained g r a n i t e  containing sparse  needles  of hornblende 
and minor b i o t i t e ,  A t h i n  sec t ion  i n d i c a t e s  a composition of 35% quartz, 
45% pert hi ti^ microcline,  %PA albl,te, 5% hosnblende, 5% b i o t i t e ,  and 
accessory sphene, apatite, and epidote, The quartz t ends  $0 occur as grains 
up t o  about. 0,s m i n  diameter partly erac%osfng smaller s u b k e d ~ a l  ~u angu;kar 
microcl ine,  Minor m ~ u n t s  of  coarser-grained rock are present, Most 
likely the granite is a different iate  0% the gabbro, although exposures 
are not  adequate t o  prove t h i s ,  The aqe r e l a t i v e  to the p e r i d o t i t e  and 
dun i t e  is no% known, 



Peridotite and dunite 

Several bodies of peridotite and dunite occur in the large gabbro In- 
trusive, The two larger peridotite intrusives with north-south elongation 
are mainly serpentinized dunite, The body about a half mile north of the 
Denali Highway is relatively unaltered dunite with minor pyroxenite, The 
northeasterly trending body southeast of sample point 33 is peridotite or 
very mafic-rich gabbro (sample 53231, Table ld , 

The peridotite and dunite clea~ly intrude the gabbro, but have been 
E~und only within it, suggesting either a genetic relation or a common 
structura% control for the ultramafics and the gabbro feeder. 

En general, the bedded rocks and sills dip northward at 20-25e, They 
are cue by several faults trendlng north-south, and are interrupted by 
the Large mass of gabbro I n  the eastern part of the area, Some agglomerate 
which appears to dip south may reflect primary depositional flow layering, 

ECONQMPZ GEOLOGY 

A band of rusty-weathering '"abbro" crosses the bottom of the valley 
at this point. The "gabbro" coritains about 28% magnetite as anhedral grains 
averaging 0.7 mm in size, in a matrix of labradorite and augite (sample 
5E24lB, Table 1). The magnetite-bearing qabbro appears to be a layer in 
the mafic gabbro, with a dip of about 42O to the north, The layer is 
100-150 feet thick, and is exposed for a length abou% 500 feet in the 
valley bottom. At the limits of exposure the magnetite-bearing rock passes 
under glacial deposits with no indisatlon of a change in thickness. An 
analysis of a chip sample across the zone showed 22.1% acid soluble Iron, 
and O,E5% copper with no gold or sblver, A magnetic concentrate separated 
from the sample contained 470$% total iron, 11.1% Ti02, 0,16% S o  and 0.02% P, 
The high titanium content suggests %ha% rlmenite forms about 20% of the 
magnetic concentrates, The base of the magnetite-bearing layer grades l n t ~  
normal gabbro containing minor orthopyroxene (sample 53241, Table 1) over 
a distance of about X foot, The over-lying rock is mafic gabbro, but t he  
contact was not observed, The magnetite zone is most likely a layer formed 
by differentiation of the mafie qabbro m a g m a ,  

Locality 2 

Sparse float of mafie gabbso containing disseminated chalcopyrite and 
pyrrhotite was found at this location, An assay showed O,P6% nickel, O o l S c '  
copper and no gold or silver, 



About 114 mile  south,  a copper-stained quar t z  ve in  about 1 foo% wide 
cut,; f ine-grained mafic gabbro with loca% pyroxeni te  pa tches ,  The ve in  
s t x i k e s  N l O W  and d i p s  v e r t i c a l l y ,  Severa l  small  p i t s  have been dug on t h e  
ve in ,  

Loca l i ty  3 

Minor amounts of copper s t a i n i n g  were noted i n  b a s a l t  f l o a t  i n  t h i s  
v i c ~ n i t y ,  Tiny ve ins  of  c h a l c o c i t e  were noted i n  one p iece  of b a s a l t ,  
Epiaote appears t o  be r e l a t i v e l y  abundant i n  t h i s  a rea  suggest ing a g e n e t i c  
s i m i l a r i t y  t o  s i m i l a r  copper occurrences on Paxson Mountain (Rose and 
Saunders, 1965). 

Local i ty  4 

Black s h a l e  and calcareous b lack  sha le  a t  t h i s  p o i n t  conta in  abundant 
pyrite, including l enses  of almost massive p y r i t e  up t o  1 1 2 "  t h i c k ,  
Analysis of a ch ip  sample 05E266) showed only 35 ppm copper, 105 ppm zmc, 
20 pprn l ead ,  and 9 ppm molybdenum, 

GEOCHEMISTRY 

The l o c a t ~ o n s  of stream sedarnent samples co l l ec ted  i n  borh 1964 and 1965 
a r e  shown on f i g u r e s  b and 2 .  Analy t ica l  da taa re  presented i n  Table 2 ,  
Samples c o l l e c t e d  i n  1964 from t h e  Sugarloaf Idountain a rea  (samples 23, 2 5 ,  
260 27@ 30, 34#  35# 3 7 @  430 46) were weakly t o  moderately anomalous i n  a 
v a r i e t y  of metals ,  Seven of these  anomalous l o c a l i t i e s  w e r e  checked i n  
1965, Only weak anomalies o r  background va lues  w e r e  found i n  t h e  new 
samples. In  addi t ion ,  r e a n a l y s i s  of sample 37 gave much lower r e s u l t s .  I t  
appears t h a t  a n a l y t i c a l  problems o r  contamination may have been respons ib le  
for most of  t h e  Increment over background i n  these  samples, but some weak 
anomalies remain, I n  addi t ion ,  two 1965 samples (41 & 49) a r e  moderately 
anomalous i n  copper, Some p o s s i b i l i t y  of s m a l l  base metal  d e p o s i t s  there-  
fore remains. Analyses of rock chips t o  check on background t r a c e  metal 
content  f o r  t h e  area a r e  Lis ted i n  Table 3 ,  A r e l a t i v e l y  high content  of 
copper is p r e s e n t  i n  many of these  s m p l e s  and may be r e f l e c t e d  an t h e  
break copper anomalies An t h e  stream sediments- Three s m ~ p l e s  of pyrite- 
r i c h  sediments and volcanics  do not show any unusual amounts of base 
metabs (samples 5N40, 5N40A, & 5~2661, 

Nickel values a r e  anomalous f o r  s m p l e s  9,  13, 15, and 16, but thl s 
probably r e s u l t s  from the high n ~ c k e l  content  of t h e  ultsamafic rocks In !-=k;c 

v i c i n i t y  r a t h e r  than a n i c k e l  d e p o s i t ,  A copper anomaly would be expected 
from any copper-nickel depos i t  associated with t h e  ultramafics, but no 
such anomaly i s  recognized, abthougn t oo  few samples have been taken t o  t!ioi 

nor th t o  completely rube ou t  this possibility, 



On f i g u r e  2,  sample 66 i s  d i s t i n c t l y  anomalous i n  copper, z inc,  and 
poss ib ly  molybdenum, and sample 67 is  weakly anomalous i n  copper. Considering 
t h a t  only 220 ppm copper are p r e s e n t  i n  stream sediments ( co l l ec ted  by t h e  
w r i t e r  .in 1965) on Discovery Creek about 112 m i l e  below t he  K-M prospect  
and mine dump (Chapman & Saunders, 1954) t h e s e  anomalies on Landmark Lake 
deserve f oblow-up . 

SUGGESTIONS FOR PROSPECTING 

The grade of i r o n  and t h e  t i tan ium content  of  t h e  magnetite-rich gabbro 
as given by t h e  one a n a l y s i s  quoted under l o c a l i t y  1 a r e  not  p a r t i c u l a r l y  
encouraging by p resen t  s tandards  f o r  i r o n  o r e ,  However, a rapid  magnetic 
survey seems j u s t i f i e d  t o  determine t h e  e x t e n t  of  t h e  magnetite-rich zone, 
which may becomelarger under t h e  g l a c i a l  cover,  Some a d d i t i o n a l  sampling 
a l s o  seems d e s i r a b l e  a s  t h e  high t i t an ium content  may be r e s t r i c t e d  t o  only 
pa+% of t h e  zone, 

Addit ional  stream sediment sampling and prospect ing i n  t h e  Landmark 
Gap and Sugarloaf Mountain a reas  should be done t o  t r a c e  down t h e  anomalies 
i n  samples 66# 67, 41, and 49, 
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Sample N o ,  

P lag ioc lase  

Olivine 

Augite ( d i a l l a g e )  29 

Orthopyroxene 

Hornblende 

B i o t i t e  

I A c t i n o l i t e  
\D 
1 

C h l o r i t e  

Serpent ine  

Epidote 

P y r i t e  t r  t r  t r  

Grain s i z e  (mm) 0.4-2 1-4 (A ) ( B )  0.5-2 1-2 0.5-1 

Name Gabbro Gabbro P e r i d o t i t e  P e r i d o t i t ~  Gabbro Nori te  Magnetite- Gabbro 
r i c h  gabbro 

( A )  Or ig ina l ly  about 80% o l i v i n e  i n  1 mm g ra ins  i n  a matrix mainly of coarse aug i t e ,  
(B) Fog5in o l iv ine ,  about EngO i n  orthopyroxene, subhedral o l i v i n e  and p lagioc lase  about 1 mm en- 

closed i n  coarse pyroxene. 

C~mpos i t ions  determined by v i s u a l  es t imates  i n  t h i n  sec t ions ,  except sample 241B, which was 
eslimated by point-counting methods, Plagioc lase  i n  samples 222  and 223  and o l i v i n e  and ortho- 
pyroxene i n  sanple 2 3 1  determined by universa l  s tage  rzcasurernents. 



Table 2. Analyses of stream sediments, Amphitheatre Mountains 

All analyses in parts per million (ppm) except Field test in milliliters of 
of d.ithizone solution 

!.lap Sample 
No. No. Copper Zinc Lead Molybdenum Nickel Field Test 



Table 2 - Continued 

- :ap Sample 
Xo - No. Copper Zinc Lead Molybdenum Nickel F ie ld  Tes t  

* Analyzed a f t e r  s i ev ing  and drying. 

O Reanalyzed i n  1965 by Rocky iqountain Geochemical Laborator ies .  

) 1964 samples re -col lec ted  i n  1965 

? I n d i c a t e s  p o s s i b l e  contamination or a n a l y t i c a l  e r r o r .  

~ ~ n a l y s e s  f o r  copper, z inc ,  lead ,  molybdenum and n icke l  on samples prefi::eG 
521 and 5E by Rocky Mountain Geochemical Laborator ies ,  analyses  on samples 
pref ixed  S and 14 by Divis ion of Mines & Minerals l a b o r a t o r i e s  ( see  Rose 
and Saunders, 1965).  

F ie ld  analyses  of samples pref ixed  5E  and 5N by r e a d i l y  e x t r a c t a b l e  heawj 
metal  procedure of kiawkes (1963); f i e l d  analyses  of samples pref ixed  S and TQ 

by Universi ty  of Alaska procedure (1;ukherjee and Mark Anthony, 19573- - 11- 



Table 3 - Geochemical analyses of rock chips, Sugarloaf Pmuntain area 

Sample RockType Copper Zinc Lead Molybdenum 

5N19 Porphyritic andesite agglomerate 170 50 10 3 

5N2 1 Porphyritic andesite agglomerate 130 35 5 3 

5 N 3 6  Porphyritic andesite agglomerate 100 55 5 3 

53255 Porphyritic andesite agglomerate 85 40 10 4 

5N40 Andesite flow-pyritized 
- 

5N40A Andesite tuff-pryitized 

5E260 Silicic tuff 

5E266A Silicic tuff 

5N36 Diabase 

53247 Diabase 

53266 Pyritic black shale 

Analyses by Rocky Mountain Geochemical Laboratories. All values in parts 

per million. 
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Mt. Hayes A-5 

LANDMARK GAP AREA quadrangle 
For legend see Figure I. 
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