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FOREWORD 

This r e p o r t  i s  t h e  r e s u l t  of one of t he  p r o j e c t s  of a  cooperat ive 

graduate  s tudent  geologic  mapping program between t h e  S t a t e  of Alaska 

Divis ion of Mines and Minerals and t h e  Univers i ty  of Alaska College of 

Earth Sciences and Mineral Indus t ry .  In  t h i s  program, the  Divis ion con- 

t r a c t e d  wi th  the  Univers i ty  t o  f inance  t h e  expenses of s e l e c t e d  graduate  

geology s tudents  i n  f i e l d  work and t h e s i s  p repa ra t ion  f o r  advanced degrees.  

The Divis ion made t h e  f i n a l  payment f o r  each p r o j e c t  only i f  t he  completed 

t h e s i s  was acceptab le  t o  t h e  College a s  qua l i fy ing  t h e  s tudent  f o r  t he  

degree and acceptab le  t o  t h e  Divis ion a s  con t r ibu t ing  new geologic  in-  

formation of use and b e n e f i t  t o  f u t u r e  searches  f o r  and development of 

economic mineral  depos i t s .  The College au thor ized  t h e  Divis ion t o  pub l i sh  

t h e  qua l i fy ing  theses  a s  Divis ion pub l i ca t ions .  

We a r e  proud t o  present  t h i s  exce l l en t  t h e s i s  by Larry Hanson, 

It w i l l  be found by t echn ica l  persona t o  be a  h ighly  worthwhile con t r i -  

bu t ion  t o  t h e  economic geology of t h e  S t a t e ,  and of va lue  i n  f u t u r e  

development of t he  S t a t e ' s  mineral  resources .  

James A.  Williams, Di rec tor  
Divis ion of Mines and Minerals 
November 6 ,  1963 



ERRATA 

Page 47 ( l i n e  17) . . . . .Change : Separa ted  by a major f a u l t  ( I )  . . . 
t o :  Separa ted  by a major f a u l t  ( K )  . . . 

Table  2 (p .  51;  l a s t  l i s t e d  brachiopod) ..... 
Change: Leiorhynchus c f .  k.  rock~montanus  

(Marcou) F-2 
t o :  Leiorhynchus c f .  L. rockvmontanus 

(Marcou) F - 1  

P l a t e  3 ( i n  pocke t ;  index map). . . . . 
Change: F a u l t  I 

t o :  F a u l t  K 
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ABSTRACT 

The Rainbow Mourltain a r ea  is located along the  Richardson Highway 

ad jacen t  t o  and south of the Denal i  f a u l t .  The Paleozoic and Mesozoic 

sedimentary and igneous u n i t s  of the  study a rea  c o n t r a s t  the  Birch Creek 

s c h i s t  which unde r l i e s  the  a r e a  immediately no r th  of the f a u l t ,  

Pre-Mississ ippian low grade metamorphic rocks ( p h y l l i t e s ,  green- 

s c h i s t s  and marbles) wi th  included u l t r amaf i c  d ikes  and s i l l s  occur i n  

s e v e r a l  f a u l t  blocks which border t he  Denal i  lineament. Rainbow 

Mountain i s  f o r  t h e  most p a r t  under la in  by d e t r i t a l  rocks ("graywackes"), 

limestones, a n d e s i t i c  and d a c i t i c  p y r o c l a s t i c s  and minor a n d e s i t e  flows 

of t he  Miss i s s i p p i a n  ( 1 )  McCal lum Creek and Pennsylvanian Rainbow Moun- 

t a i n  sequences, These have been intruded by massive p o r p h y r i t i c  a n d e s i t e  

s i l l s ,  hornblende g r a n o d i o r i t e  and quar tz  d i o r i f e  p lu ton ic  masses and a 

v a r i e t y  of d ike  rocks. A d u n i t e  i n t r u s i o n  and a  b e l t  of qua r t z  d i o r i t e  

g n e i s s  outcrop near  t h e  Denal i  f a u l t .  

The pa l eon to log ica l ly  dated Carboniferous sequences have been 

deformed dur ing  a t  l e a s t  t h r e e  d i s t i n c t i v e  cyc l e s  of deformation of 

probably l a t e  Mesozoic t o  e a r l y  T e r t i a r y  age. Following the  i n t r u s i o n  

of t he  a n d e s i t e  s i l l s ,  these  sequences were folded and l o c a l l y  overturned 

and ove r th rus t  t o  t h e  southwest. I n t r u s i o n  of t he  hornblende grano- 

d i o r i t e  p lu ton  was succeeded by a  cyc l e  of v e r t i c a l  block f a u l t i n g  

which s u b p a r a l l e l s  t he  t rend  of the  Alaska Range. Subsequent t o  the  

mine ra l i za t ion  of the  quar tz  ve ins  and the i n t r u s i o n  of the  d iabase  

swarm, a  system of no r th  t o  nort.heast s t r i k i n g  f a u l t s  of dominantly 

l a t e r a l  movement were developed, Each cyc le  of f a u l t i n g  may r e f l e c t  



movement along the Denali  f a u l t .  U p l i f t ,  t i l t i n g  and minor v e r t i c a l  

f a u l t i n g  have proceeded s ince  the time of the l a s t  major cyc le  of 

f a u l t i n g .  

The th ree  p r i n c i p a l  types of minera l iza t ion  which occur a r e :  

(1) copper-lead i n  quartz  ve ins ,  (2 )  nickel-copper assoc ia ted  with 

s e r p e n t i n i t e ,  (3)  disseminated s u l f i d e s  i n  andes i te  " s i l l s "  and u n i t s  

of the  Rainbow Mountain sequence. Although no economically important 

depos i t s  were found, f u r t h e r  i nves t iga t ion  of some occurrences i s  

reccomrnended. 



INTRODUCTION 

Descript ion of the  study area  

Locat ion 

The Rainbow Mountain a r ea  i s  located i n  the e a s t  c e n t r a l  Alaska 

Range j u s t  nor th  of I s abe l  Pass and e a s t  of the  Delta  River. The 

loca t ion  and approximate l i m i t s  of the study area  a r e  shown i n  f i g u r e  7 ,  

Access roads 

The main access  road, the  Richardson Highway, is  the  western 

boundary of the a rea .  Three spur roads pene t r a t e  the genera l  a r ea  from 

the highway: (1) a t h ree  mile long p r i v a t e  road leaves the  highway 

approximately one mile  south of M i l l e r ' s  Roadhouse, (2)  a microwave 

s t a t i o n  maintenance road follows McCallum Creek upstream f o r  two 

miles ,  (3) a road a l s o  leads  t o  the terminal  a r ea  of Gulkana Glac ier  

from the highway, a t  the Richardson Monument, 

Physiography 

Rel ie f  and drainage 

~ l ~ ~ a t i 0 n S  wi th in  the a rea  range from approximately 2500 f e e t  

along the  Del ta  River t o  more than 7000 f e e t  near the  e a s t e r n  boundary; 

g r e a t e r  than 4500 f e e t  re1  i e f .  

The p r i n c i p l e  topographic elements a re :  (1) the  nor th  t o  north- 

west t rending r idge  of Rainbow Mountain which r i s e s  abrupt ly  more than 

4200 f e e t  above the v a l l e y  f l o o r  of the Delta  River ( f i g s .  2 and 3) ,  





and (2) t he  h igh  branching r idge  t rending e a s t  and southeas t  from the  

h ighes t  peak of Rainbow Mountain ( f i g .  4). 

The major streams which d r a i n  t h e  a r ea  include: (1) McCallum and 

Phelan Qreeks t o  the south and west and (2)  t he  Canwell Glac ie r  system 

(Mi l l e r  Creek) t o  the no r th ;  both systems t r i b u t a r y  t o  t he  Del ta  River,  

Physiographic form 

Quaternary g l a c i a t i o n  has  produced t y p i c a l  a l p i n e  topographic 

f e a t u r e s ,  Sharp a r s t e s  a r e  c h a r a c t e r i s t i c  of t he  h igh  r idges .  Many 

abandoned c i rques  occur between 4500 and 5500 f e e t  e l eva t ion .  Above 

5500 f e e t ,  c i rques  and v a l l e y s  a r e  s t i l l  occupied by g l a c i e r s .  

Moraine and outwash ma te r i a l s  mantle t he  v a l l e y  s i d e s  and f l o o r s  of 

most drainages.  A complex of modified s i d e  g l a c i a l  channels occurs 

along the  northwest and southwest f l anks  of Rainbow Mountain. 

S t r u c t u r a l  c o n t r o l  of topography: 

The r i dge  of Rainbow Mountain i e  e e s e n t i a l l y  a s t r i k e  r idge  and 

much of the western s lope  approximates a d i p  s lope  ( f i g s ,  5 and 39). 

Res i s t an t  l a y e r s  i n  the  McCallum Creek and Rainbow Mountain sequences 

form a m a l l  r i dges  a s  do some u n i t s  of the  Pre-Mississ ippian metamor- 

ph ic  rocks. Many bas i c  and intermediate  d ikes  and s i l l s  a r e  a l s o  

minor r i dge  formers, 

The topography under la in  by p lu ton ic  rocks is gene ra l ly  more 

s e r r a t e  than  t h a t  under la in  by sedimentary and metamorphic u n i t s .  The 

t r a c e s  of most major f a u l t s  co inc ide  with prominent v a l l e y s  o r  o t h e r  

topographic lows (e, g., t he  Denal i  F a u l t  beneath Canwell Valley and 

f a u l t s  G, 0, Q, S ,  W ,  and X ,  each underlying a l i n e a r  topographic 

low (see  b l a t e  4). 





'om sec 
- . -  Figure 5: The cres t  of Rainbow Mountain; a view t o  the north f r  t o r  

B-3 (wC) . The s t r i ke  ridge form is typical  with dip  slope ro the 
west, 

Figure 6:  The southern area of Rainbow Mountain: a view t o  the south f r o m  sector B-3(WC). 
Fault J separates the McCallum Creek sequence(MCS) from the Rainbow Mountain 
sequence ( RMS ) . 
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Research objec t ives  & Techniques 

The following f a c t o r s  influenced the s e l e c t i o n  of t h i s  a rea  f o r  

e tudy : 

1. Known nickel  and copper minerals occur i n  the  northern p a r t  

of the  area  and suggest o ther  poss ib le  occurrences. 

2. Foss i l i f e rous  s t r a t i g r a p h i c  sec t ions  which a r e  important t o  a 

b e t t e r  understanding of the geology of the Alaska Range a r e  well  

exposed over much of the  area. 

3, One of the  most prominent s t r u c t u r a l  f ea tu res  i n  the  Range-- 

the  Denali Fault-abounds the  area  on the north.  

4, It is e i tua ted  adjacent  t o  the  Gulkana Glacier  a rea  where 

r e l a t e d  bedrock and physiographic s tudies  a r e  i n  progress. 

5 .  Rela t ive ly  easy access t o  the area  i s  possible,  

Research objec t ives  

The Rainbow Mountain study has attempted to:  

1. Define the  patrology and s t r u c t u r e  of major bedrock u n i t e  

exclueive of the Fe r t  i a ry  sedimentary rocks. 

2, Determine the  age of these u n i t s  and geologic h i s t o r y  of the  

area ,  

3,  Obtain a general  understanding of the  s t r a t ig raphy  of the  

Paleozoic sequences, 

4. Relate mineral izat ion t o  the  various gedlogic f a c t o r s  a s  a 

key t o  explora t ion  and u t i l i z a t i o n .  



Techniques 

Fie ld  da ta  were col lec ted  during the  13 weeks of the summer f i e l d  

season i n  1962. Operations were staged from a base camp located near  

the  Richardson Highway. Four major t r a i l  camps were es tabl i shed a t  

sca t t e red  l o c a l i t i e s  near the  c r e s t  of Rainbow Ridge. 

The area  was mapped on a sca le  of 1:20,000, Aix, photographs of 

s c a l e  1:52,000 and 1:40,000 aided i n  the  inves t iga t ion .  

Previous inves t iga t ions  

Mendenhall (1900), i n  h i s  repor t  of a reconnaissance t raversq  

acroea tha Alaska Range a t  I sabe l  Pass, was the f i r s t  t o  geologica l ly  

descr ibe  p a r t s  of the  Rainbow Mountain area. He noted the  th ick  

auccession of huf f s  exposed along the Phelan Creeknear  the  Delta 

River, He a l s o  recorded the  associa t ion  of porphyr i t ic  rhyo l i t e  flows 

with these  t u f f s ,  Later ,  Mendenhall (1905) corre la ted  these tu f fa -  

ceous beds with the  Chisna formation exposed 25 miles t o  the e a s t ,  

which he believed t o  be of Carboniferous age; t h i e  da t ing  was based 

on analogous s t r u c t u r a l  and l i t h o l o g i c  evidence, 

Maffi t  has done considerable work i n  the Alaska Range e a s t  of 

the  Delta  River. Two of h i s  repor ts  (1912 and 1942) d iscuss  the 

'Rainbow Mountain area  i n  par t .  

Regarding these rocks, Moffit  (1912) notes: 

East of Phelan Creek and west of Delta River northward from 
Eureka Creek t o  Canwell Glacier ,  the  high mountains cons i s t  of 
e l a t e s ,  tuffaceous beds, q u a r t z i t i c  sediments and loca l  lime- 
s tone  beds associated with diabase flows o r  in t rus ions  and with 
l i g h t  gray o r  greenish gneisses t h a t  probably represent  metamor- 
phosed d i o r i t e  in t rus ions .  These beds a r e  much folded and i n  



places a sch i s tose  s t r u c t u r e  has been developed.. .,The same 
rocks [implying a l l  l i thologies]  extend eastward t o  the  
Chistochina River region, where they were named the  Chisna 
formation by Mendenhall and westward on the  north s ide  of 
Eureka Creek t o  a t  l e a s t  a s  f a r  a s  the  g l a c i e r  a t  the  head of 
the  main fork of Maclaren River, 

In  h i s  l a t e s t  repor t ,  (1954), which summarizes most of h i s  

work i n  the  e a s t e r n  Alaska Range, Moffit suggests t h a t  the  t u f f s  

along Phelan Creek may be of Permian age. 
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GEOLOGIC SETTING 

Rock u n i t s  -- 

Moff i t ' s  geologic map (1954) (see f igure  8) indica tes  the  general  

d i s t r i b u t i o n  of rock types i n  the  eas te rn  Alaska Range. 

Birch Creek s c h i s t s  and gneisses with associated p lu tonic  rocks 

crop out  nor th  of the  Rainbow Mountain a rea  and under l ie  most of the 

area  along the northern f lank of the  range. These rocks a r e  separated 

from the  dominantly Paleozoic-Mesozoic rocks of the  southern Alaska 

Range by the  Denali  f a u l t .  

Units of Devonian through T r i a s s i c  age a r e  probably represented 

i n  the  southern f a u l t  block, Li thologica l ly  these cons i s t  primari ly 

of graywackes, limestones, basic t o  intermediate volcanics,  a c i d i c  t o  

intermediate in t rus ives  and r a r e  ul tramafics.  Low grade metamorphic 

rocks a r e  typ ica l  of most pre-Devonian u n i t s ,  but medium and high-grade 

metamorphic rocks of unknown age a l s o  occur i n  the general  a rea ;  among 

these a r e  the  migmatites, gneisses and s c h i s t s  which under l ie  much of 

the  ca tch  bas in  of Gulkana Glacier  (D. M. Ragan, personal cormnunication). 

Te r t i a ry  conglomerates and sandstones with coal  occur a t  the lower 

elevation6 i n  areas  both north and south of the  Denali  f a u l t .  

The Denali f a u l t  - 
In  the e a s t  c e n t r a l  a rea  of the Alaska Range, the  Denali f a u l t  i s  

expressed topographically a s  a well defined lineament. This lineament 

i s  occupied by segments of some of the  l a r g e s t  g l a c i e r s  i n  the region 

(Susi tna,  Black Rapids, Canwell, .Gulkana and Chistochina Glaciers) .  





It can be traced-without major in te r rup t ion  t o  the  southeast  along the  

Alaska Range i n t o  Canada, and is believed by Inany t o  continue south 

through Chatham S t r a i t  i n  Southeastern Alaska. 

The magnitude and d i r e c t i o n  of displacement along t h i s  "great  

f a u l t "  a r e  cont rovers ia l .  A r i g h t  l a t e r a I  displacement of 150 miles 

has been proposed by St. Amand (1957). This has been sharply contested 

by some, who bel ieve t h a t  l a t e r a l  displacement does not: exceed 20 miles. 

Muller (1958) suggests t h a t  the  f a u l t  is a t h r u s t ,  a t  l e a s t  in  the 

western Yukon and eas te rn  Alaska. He holds t h a t  the  southern block has 

been over thrus t  t o  the  nor th  and northeast .  Wahrhaftig (1954) bel ieves 

t h a t  the  Denali  i s  a reverse f a u l t  and t h a t  the  northern block is 

up thrown. 

Regional Geologic H i s  tory 

According t o  Payne (1951) the  a rea  occupied by the  present  Alaska 

Range was the  s i t e  of a major geosynclinal trough during e a r l y  

Paleozoic time (Cambriaq-Silurian). This geosyncline was receiving 

sediments pr imar i ly  from volcanic sources t o  the south, The environ- 

ment was c h i e f l y  eugeosynclinal. The miogeosynclinal por t ion  of the  

trough lay  t o  the north, and was accumulating more p e l i t i c  sediment6 

derived from a s t a b l e  cont inenta l  mass, which was then located near the  

present  Arct ic  Ocean. 

Thousands of f e e t  of graywackes, limestones, t u f f s  and lava flow8 

were probably deposited throughout much of the area which is now the 

Alaska Range, but these rocks have been eroded and obscured by meta- 

morphism, and there is  l i t t l e  d i r e c t  evidence of t h e i r  presence. An 



orogenic d is turbance  during e a r l y  Devonian time folded and r e c r y s t a l l i z e d  

these  pre-Devonian rocks. Following u p l i f t  and eros ion ,  t h e  r e a c t i v a t e d  

geosyncl ine continued t o  migrate  northward, enclosing the  e n t i r e  Alaska 

Range a r e a  i n  the  uns tab le  eugeosyncl inal  phase, During l a t e  Paleozoic 

time, thousands of f e e t  of bas i c  volcanics ,  graywackes, t u f f s  and 

carbonates  were deposi ted.  The ex t rus ion  of l avas  increased i n  

frequency through Permian time, reaching a maximum during e a r l y  Mesozoic 

time i n  t he  e a s t  c e n t r a l  Alaska Range (Moffit ,  1954). 

The s i n g l e  l i n e a r  geosyncline became l e s s  we l l  def ined dur ing  

T r i a s s i c  and J u r a s s i c  time, and va r ious  segments of the  Alaska Range 

subsided a t  d i f f e r e n t  times t o  form dependent (1) geosyncl ines .  These 

received sediments and bas i c  volcanics  from adjo in ing  volcanic  i s l and  

a r c s  (Payne, 1951). 

According t o  Payne (1955), major depos i t i on  ended wi th  t h e  e a r l y  

Cretaceous (Late Neocomian-Aptian) orogeny, Renewed depos i t i on  of 

marine sediments followed wi th  the  subsidence aga in  i n  Albian- 

Cenomanian time. The ensuing Turonian orogeny was followed by e ros ion  

over  most of the  Alaska Range. Continental depos i t i on  continued i n  

many a r e a s  dur ing  Late Cretaceous and T e r t i a r y  times. Several  e a r l y  

T e r t i a r y  orogenic pu l se s  r e su l t ed  i n  f u r t h e r  deformation of t h e  Alaska 

Range geosyncl ina l  b e l t  and Nutzotin segment ( f i g .  9). Epeirogenic (1) 

u p l i f t  of t he  Alaska Range continued throughout T e r t i a r y  and Quaternary 

per iods  t o  t he  present .  



PETROLOGY OF ROCK UNITS 

Pre-Mississipp Ian metamorphic rocks 

Fie ld  Occurrence 

This u n i t  includes the  p h y l l i t e s ,  ca lc-phyl l i tee ,  greenschis ts  and 

impure marbles which occur i n  the extreme northwest p a r t  of the map 

area (see sec to r s  C-5 and D-5, p l a t e  1). These racka occur i n  three  

d i s t i n c t  fault-bounded blocks (see p l a t e  I), which contact  t o  the  south 

the  rocks of the  Pennsylvanian Rainbow Mountain sequence, along one 

f a u l t  and the  quartz d i o r i t e  gneias along a second f a u l t ,  To the  nor th  

outcrops of p h y l l i t e  and ca lc-phyl l i te  can be t r a ~ e d  t o  the  southern 
f 

margin of the Canwell Glacier ,  where they a r e  covered by moraine. The 

Pre-Mississippian metamorphic rocks probably l i e  i n  f a u l t  contact  ( the  

Denali  Faul t )  with the medium grade c r y s t a l l i n e  s c h i s t s  of the Birch 

Creek comptex, which compose the  ridge north of the Canwell Glacier ,  

These poaeible r e l a t ionsh ips  a r e ,  however, covered by i ce  of the 

Canwell Glacier ,  

A number of serpentinized u l t ramaf ic  d ikes  have been intruded i n t o  

the p h y l l i t e s  and greenschis ts  i n  the  southern f a u l t  block (see p l a t e  

I) ,  This area  is  mapped separa te ly ;  ae the  Se rpen t in i t s  complex, 

Del ica te  in te rca la t ions  of p h y l l i t e e ,  ca lc-phyl l i tes  and minor 

impure marbles and greenschis ts  charac ter ize  the  rocks of the two nor th  

f a u l t  blocks, In  con t ras t ,  greenschis ts  a r e  major while c a l c ~ p h y l l i t e s  

a r e  eubordinate and impure marbles r a re  i n  the  south f a u l t  block. The 
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thicknesses of the interbedded phyllites and greenschist layers vary 

between 2 and 10 f e e t  in this part of the section. 

Petrography 

Phyllites & Calc-phyllites 

Minera1ou.--Quartz, albite, chlorite (cl~nochlore), sericite, 

and carbonate are the major constituents in these rocks. Stilpnome- 

lane, carbonaceous matter, epidote (clinozoisite) and actinolite are 

often present as minor or accessory constituents. Magnetite and 

leucoxene are common accessory minerals. Quartz and albite are the 

most abundant minerals in the phyllites; and carbonate is the dominant 

mineral in many calc-phyllites. With an increase in actinolite, epi- 

dote, stilpnomelane and chlorite, the phyllites and calc-phyllites 

grade into greenschists and carbonate-bearing greenschists. 

Representative equilibrium metamorphic mineral assemblages from 

the phyllites and calc-phyllites are listed below: 

(aericite-chlorite-albite-quartz 
( 

phyllites (stilpnomelane-chlorite-quartz-albite 
( 
(sericite-chlorite-calcite-albite-quartz 

(chlorite-carbonate-albite-quartz 
calc-phyllites ( 

(stilpnomelane-sericite-carbonate-albitequartz 

Fabric.--The grain size in the phyllites and calc-phyllites ranges 

from .O5 to ,2 mm. Porphyroblasts are generally rare. However, on the 

north margin of the north fault blocks (near Canwell Glacier), the 

unite exhibit megascopic albite-oligoclase porphyroblaete, The 



a n o r t h i t e  content  of these porphyroblasts  i s  high f o r  a t r u e  low grade 

p h y l l i t e ,  and these  rocks may represent  t r a n s i t i o n s  between p h y l l i t e s  

and medium grade s c h i s t s .  

l b o  and commonly three  s -sur faces  a r e  p re sen t  i n  the  f a b r i c  of 

these  rocks. Compositional layer ing  ( s l ) ,  i s  piobably bedding inhe r i t ed  

from the  parent  sediments; s2 ,  a c r y s t a l l i z a t i o n  f o l i a t i o n ,  def ined  by 

the  prefer red  o r i e n t a t i o n  of p l a t y  minerals ,  u sua l ly  p a r a l l e l s  composi- 

t i o n a l  layer ing;  and s is an i n c i p i e n t  a x i a l  plane f o l i a t i o n  def ined  
3 

by p l a t y  and p r i sma t i c  minerals  (quartz  and f e ldspa r )  i n  some areas .  

4 i ' a p d  s2 a r e  t i g h t l y  folded and s3 t y p i c a l l y  t r a n s e c t s  t hese  a t  t he  

f o l d  axes ( f i g .  10). 

Greenschis ts 

Mineralogy.--The major mineral c o n s t i t u e n t s  of the g reensch i s t s  

include a c t i n o l i t e ,  c h l o r i t e  (pennine and c l inoch lo re )  and a l b i t e .  

Quartz,  carbonate and ep idote  ( c l i n o z o i s i t e )  and s t i lpnomelane a r e  

u s u a l l y  p re sen t  and a r e  only major c o n s t i t u e n t s  i n  some g reensch i s t s .  

Magnetite, leucoxene and p y r i t e  occur a s  accessor ies .  

Only a few g reensch i s t s  were examined pe t rog raph ica l ly ;  t h i s  was 

i n s u f f i c i e n t  t o  e s t a b l i s h  the modal v a r i a t i o n  of these  rocks. Equil i -  

brium metamorphic mineral  assemblages of probably r ep re sen ta t ive  

greenschis ta  a r e  l i s t e d  below: 

(chlorite-calcite-albite-actinolite 
( 

greenachia ts  ( c l i n o z o i s i t e - q u a r t z ~ a l b i t e ~ h l o r i t e ~ a c t i n o l i t e  
( 
(stilpnomelane-actinolite-calcite-clinozoisite~chlorite 



Fabric,--The g reensch i s t s  e x h i b i t  a range i n  average g r a i n  s i z e  

s i m i l a r  t o  t h a t  of the p h y l l i t e s .  Some l a y e r s ,  however, c6n ta in  l a r g e  

subhedral p lag loc lase  porphyroc las t s  which appear t o  be r e l i c t s  from 

t h e  f a b r i c s  of igneous parent  rocks. These p a r t i c u l a r  l a y e r s  a r e  more 

homogeneous than the  more t y p i c a l  g reensch i s t  u n i t s  which a r e  composed 

of laminat ions of g reensch i s t  and c h l o r i t e  p h y l l i t e .  

The g reensch i s t  f a b r i c s  a l s o  con ta in  sl, s2,  and sg su r f aces  a s  

prev ious ly  descr ibed i n  t he  p h y l l i t e s  and ca l c -phy l l i t e s .  The 82 and 

s3 su r faces  of the g reensch i s t s  a r e  def ined  by the  p re fe r r ed  o r i en t a -  

t i o n  of a c t i n o l i t e ,  c h l o r i t e  and s t i lpnomelane and s i m i l a r l y  r ep re sen t  

two s t ages  of pene t r a t ive  movement wi th  s being t i g h t l y  crumpled. 
2  

Marbles 

Mineralogy.--Minerals found i n  most marbles include carbonate  

( c a l c i t e ) ,  a l b i t e  and a l b i t e - o l i g o c l a s e ,  qua r t z ,  carbonaceous m a t e r i a l ,  

a e r i c i t e ,  magnesian c h l o r i t e ,  c l i noch lo re ,  sphene and magnetite.  The 

pu re r  marbles c h a r a c t e r i s t i c  of t he  nor thern  occurrence of t h e  u n i t  

con ta in  accessory a l b i t e  and s e r i c i t e .  The impure marbles which a r e  

more t y p i c a l  of the  rocks of the southern f a u l t  blocks have carbonate ,  

a l b i t e ,  quar tz  and gene ra l ly  c l i noch lo re  a s  major c o n s t i t u e n t s ,  Other 

c h l o r i t e s ,  s e r i c i t e  and carbonaceous m a t e r i a l s  a r e  u sua l ly  minor wi th  

sphene and magnetite a s  acces so r i e s ,  Marbles g rada t iona l  t o  ca l c -  

p l t y l l i t e s  a r e  common. S e r i c i t e  and usua l ly  c l i noch lo re  a r e  major 

c o n s t i t u e n t s  of these  rocks. 



Examples of niarbles wl~ic t -1  appear t y p i c a l  are:  

(carbonaceous , c l l lo r i t e - se r i c i t e -qua r t z -a lb i t e -ca lc i t e  
( 

marbles (ser ic i tc -quar tz-chlor i . te -a lb i te-ca lc i te  
f 
(qua r t z - a lb i t e - ca l c i t e  

Fabric,--The marble u n i t s  i n  both no r th  and south f a u l t  blocks 

d i s p l a y  e s s e n t i a l l y  complete r e c r y s t a l l i z a t i o n  and the  development of 

a  c r y s t a l l i z a t i o n  f o l i a t i o n  i n  the impure v a r i e t i e s  ( f i g ,  11) .  

Grain s i z e  gene ra l ly  ranges from .O5 nun t o  .2 m; s i m i l a r  t o  

o the r  rocks of the  sequence. The mean s i z e  of carbonate  g r a i n s ,  

however, i s  conunonly l a r g e r  ( - 2  nun t o  .4 mm) than o the r  c o n s t i t u e n t s  

i n  many marbles. Porphyroblasts  (.2 m t o  .5 mm) of a l b i t e  and 

a l b i t e - o l i g o c l a s e  i n  some of the  extreme nor thern  occurrences a r e  

common, A lb i t e  twinning of the a l b i t e - o l i g o c l a s e  porphyroblasts  is 

displayed i n  these  rocks along the  nor thern  l i m i t  of the  sequence. 

Fabr ic  su r f ace  s ly  s2 ,  and sg a r e  wel l  developed i n  t he  impure 

marbles a s  they a r e  i n  the  p l ty l l i t e s  and greenschis t s .  Surfaces 

s2 and sg a r e  def ined by the  prefer red  o r i e n t a t i o n  of s e r i c i t e ,  

carbonaceous ma te r i a l  and the  c h l o r i t e s  ( f i g ,  11) a 

An anomalous carbon.ate occurrence 

A r e s t r i c t e d  occurrence of imcompletely r e c r y s t a l l i z e d  and 

Z~recciated limestone which i s  assoc ia ted  with quar tz  d i o r i t e  gne i s s  

and p h y l l i t e s  and g reensch i s t s  of the  pre-Mississ ippian rocks outcrop 

along the  c r e s t  of the r i s g e  i n  s e c t o r  D-5(C) .  This u n i t  can be 



t raced  across  the canyon t o  the e a s t ,  s e c t o r  1)-5(EC), where i t  topo- 

g raph ica l ly  o v e r l i e s  the  p h y l l i t e s  and g reensch i s t s  wi th  apparent 

s t r u c t u r a l  conformity, The incomplete r e c r y s t a l l i z a t i o n  of t h i s  

carbonate  u n i t  a s  compared t o  the  p h y l l i t e s  and g reensch i s t s  i s  not  

understood. 

These carbonates  a r e  i n  p a r t  dolomit ic .  Thin l enses  and l aye r s  

of c h e r t  and quar tzo- fe ldspa th ic  aggregates  (a  few mi l l imeters  i n  

th ickness)  occur a s  impuri t ies .  F o s s i l  fragments (?)  and c l a s t i c  

carbonate ( i n t r a c l a s t s )  (?) embedded i n  a f i n e  g r a i n  c l a s t i c  mat r ix  

are  t y p i c a l  c o n s t i t u e ~ ~ t s ,  

The primary sedimentary s t r u c t u r e s  and t e x t u r e s  a r e  gene ra l ly  

obscured by the  f i n e  degree of b r e c c i a t i o n  which is c h a r a c t e r i s t i c  of 

these  rocks. Brecc ia t ion  appears t o  be a r e s u l t  of l o c a l  shearing,  

I%e fragmented p a r t i c l e s  a r e  coated with f e r r i c  oxide which imparts a 

r u s t  co lo r  t o  the  outcrops,  

Pe t rogenes is  

The Pre-Mississippian metamorphic rocks a r e  composed of low grade 

c r y s t a l l i n e  s c h i s t s  der ived from a succession of interbedded a r g i l l a -  

ceous, ca l c -a rg i l l aceous  and impure carbonate  rocks, The d e l i c a t e  

compositional layer ing  and high carbonate  content  of many g reensch i s t  

l a y e r s  implies  a sed imei~tary rcrther than igneous parentage,  The 

massive g reensch i s t s  conta in ing  r e l i c t  phenocrysts were derived from 

b a s i c  igneous rocks, 



'i'l~e 11let a~llorpllic rnincral a s s ~ n l b l a g ~ :  Lrom representative c r y s t a l l i n e  

s c h i s t s  a r e  t y p i c a l  of tile low grade zolle of synkLnemtic  metamorphism. 

There appears t c  be, huwcver, a s l i g h t  increase  i n  g r a i n  s i z e  of these  

rocks t o  the  nor th ,  from p h y l l i t e s  t o  p l ~ y l l i t i c  s c h i s t s .  This sugges ts  

a poss ib l e  corresponding increase  i n  metamorpliic grade. The average 

g r a i n  s i z e  of s e r i c i t e  i nc reases ,  althougl-1 coa r se  grained muscovite 

does not  occur; and the  p h y l l i t i c  c a l c - s c h i s t s  and impure marbles which 

occur near  the  southern margin of Canwell G lac i e r  e x h i b i t  coarse,  

twinned a l b i t e - o l i g o c l a s e  gra ins .  These, however, may not  be porphyro- 

b l a s t s  but r e l i c t s ,  ins tead ,  from parent  sedimentary rocks 

(porphyroclasts) .  

The r e l a t i o n s h i p s  between the  c r y s t a l l i n e  s c h i s t s  and pa ren t  

rocks a r e  shown i n  the t a b l e  below: 

a rg i l l aceous  sediments p h y l l i t e s  

,-alc-argillaceous sediments . C c a l c - p h y l l i t e s  

calc-magnesian a r g i l l a c e o u s  sediments g reensch i s t s  

bas i c  igneous rocks L greensch i s t s  

impure carbonates  k marbles (impure) 

Scrpell t  i n i t e  conplex - -.--- .---- 

Fie ld  occurrence 

A network of se rpcnt in ized  p e r i o d o t i t e  and s e r p e n t i n i t e  d ikes  and 

s i l l s ,  i n t rude  the  p h y l l i t e s  and g reensch i s t s  of the  Pre-Mississippian 

metamorphic rocks. 



11ie complex i s  confined i n  outcrop t o  a  prominent north-south t rend-  

ing r idge  located i n  s e c t o r  D-5(EC) (see p l a t e  1) .  It occupies a  one- 

q u a r t e r  square mile  a r ea  of t he  southern f a u l t  block of t he  Pre-Missie- 

s ipp ian  metamorphic rocks 

The u l t r amaf i c  d ikes  and s i l l s  average from 5 t o  10 f e e t  i n  

thickness.  Some bodies a r e  as t h i n  a s  a  few inches and s e v e r a l  o t h e r s  

appear t o  be more than seve ra l  hundred f e e t  wide. The l a y e r s  of 

p h y l l i t e  and g reensch i s t  which sepa ra t e  i nd iv idua l  i n t r u s i o n s  c o n s i s t  

of narrow (a few f e e t ) ,  discont inuous lenses  which a r e  minor i n  the  

u n i t  volume. 

The major i ty  of the  d ikes  and s i l l s  a r e  p a r a l l e l  t o  s u b p a r a l l e l  

and s t r i k e  i n  a  northwest t o  wes ter ly  d i r e c t i o n ;  however, a  few 

s t r i k e  t o  the  west t o  southwest. Dips vary from a  low of 2d0 t o  25' 

t o  t he  more common 70' t o  90'. The f o l i a t i o n  of the  s e r p e n t i n i t e s  

gene ra l ly  p a r a l l e l s  these  a t t i t u d e s  al though sharp dev ia t ions  i n  

s t r i k e  of a s  much a s  90' i n  a few inches a r e  common. 

Petrography 

Limited microscopic ana lyses  of these  rocks i n d i c a t e  t h a t  

dominantly serpent in ized  p e r i d o t i t e  compose the  d ikes  and s i l l s ,  

Se rpen t in i t e s ,  however, probably represent  a  major p o r t i o n  of t h i s  

network, Olivine (Fo70), e n s t a t i t e  (En90-95) and a n t i g o r i t e  a r e  the  

nu jo r  mineral cons t i t uen t s .  Minor c o n s t i t u e n t s  of some rocks include 

c h r y s o t i l e ,  " idd ings i t e  ," magnetite and clinopyroxene (d iops id i c? )  , 

Carbonate, c h l o r i t e ,  chromite and phlogopi t ic  mica (?) occur a s  

accessor ies .  



Modal analyses of two specimens of serpentinized p e r i d o t i t e  showed: 

Mineral 

01 ivine  

e n a t a t i t e  

a n t i g o r i t e  

chryso t i l e  

opaques (mainly magnetite) 

"iddingsiteI1 

c 1 inopyroxene 

accessoriee 

Per cent  

(2) 

3 2 

22 

2 8 

2 2 

7 

5 

2 

1 

Olivine gra ins  a re  subhedral and average one t o  two mil l imeters  i n  

a ize ,  Orthopyroxene occurs i n t e r s t i t i a l  t o  o l iv ine  aa l a rge  

(2 m t o  4 nun) anhedral grains.  

Secondary deformation textures  a r e  c a t a c l a s t i c  i n  or ig in .  Primary 

o l iv ine  gra ins  have been granulated and a l t e r a t i o n  has concentrated 

along the f r ac tu res .  

A f o l i a t i o n  has been developed i n  some phases of the dikee and 

sil ls.  The o r i g i n  and microscopic cha:acteristica of t h i s  s t r u c t u r e  

have not been determined. 

The petrography o f  the  phylllites and greemechiasts discussed i n  

reference t o  seuth  f a u l t  block occurrence of the Pre-Mississippian 

metamorphic sequence appl iea equally well  t o  the corresponding rock 

types of the Serpent in i te  complex, 



Petrogenesis 

On the basis of the partial examination, two equally likely events 

can explain these rocks: 

1, intrusion into non-metamorphip succession with serpentinization 

occurring during metamorphism. 

2, serpentinization occurring during emplacement. 

The McCallum Creek and Rainbow Mountain sequences - 
The Mississippian ( 7 )  McCallum Creek sequence and the Pennsylvanian 

Rainbow Mountain sequence are lithologically very similar. l%e dis- 

tinction between these ie based primarily on fossil content (different 

ages indicated) and the succession of strata. The two units are 

separated by a fault (J) (see plate 1). 

In the following sections, the field occurrence of each of these 

units is discussed separately. A combined study of hoth McCallum Creek 

and Rainbow Mountain lithologies (Petrography) then follows, The 

succeeding chapter deals with the stratigraphy and paleontology of 

these units. 

Field Occurrence 

McCallum Creek sequence 

The McCallum Creek sequence includes the altered Mississippian (?) 

sedimentary and pyroclaseic rocks which occupy the extreme eouthern 

portion of the area and are well exposed in the canyon of lower McCallum 



Creek, The geologic  nmp (p l ,  1)  i l l u s t r a t e s  the  a r e a l  d i s t r i b u t i o n ,  

con tac t  r e l a t i o n s h i p s  and genera l  l i t h o l o g i c  cha rac t e r  of the  sequence. 

F i e l d  s t u d i e s  of Gerard Bond i n  1963 (personal  communication) ind i -  

c a t e  t h a t  t h i s  u n i t  extends f o r  a t  l e a s t  t h ree  miles  southeas t  from 

McCallum Creek beyond t h i s  s tudy area .  The poss ib l e  d i s t r i b u t i o n  of 

t h e  sequence t o  t he  northwest beyond Phelan Creek waa no t  i nves t iga t ed ,  

To t h e  no r theas t  t he  McCallum Creek sequence con tac t s  t he  Rainbow 

Mountain sequence along a  major f a u l t .  A p o r p h y r i t i c  andes i t e  mass 

bounds the  McCallum Creek sequence t o  the  southwest (a f a u l t  con tac t  

( 1 ) )  i n  the  Rainbow Mountain a r ea ,  

Severa l  o the r  s i l l - l i k e  bodies of p o r p h y r i t i c  andes i t e  i n t rude  

t h e  sequence, h e  of these  andes i t e  l a y e r s  ( southeas t  corner  of s e c t o r  

C-2) may be a flow; t h i s  r e l a t i o n s h i p ,  however, i s  not  e s t ab l i shed .  

Rainbow Mountain sequence 

l h e  Pennsylvanian sedimentary and volcanic  rocks of t he  Rainbow 

Mountain sequence occur n o r t h  of t he  McCaBlum Creek sequence and 

u n d e r l i e  most of the  main r idge  of Rainbow Mountain, The d i s t r i b u t i o n  

of the major l i t h o l o g i e s  and con tac t  r e l a t i o n s h i p s  a r e  shown on t h e  

geologic  map, p l a t e  1. 

The Carboniferous (?)  rocks exposed west of Phelan Creek have 

no t  been d e f i n i t e l y  assigned t o  t h i s  u n i t .  Granodiori te  and quar tz  

d i o r i t e  p lu ton ic  rocks bound the  sequence t o  t he  e a s t  and no r theas t ,  

Both i n t r u s i v e  ( s e c t o r  A-3 @c):)' and f a u l t  con tac t  ( s ec to r s  B-3(SE) and 

B-4(SW)) r e l a t i o n s h i p s  wi th  these  i n t r u s i v e s  a r e  mapped, The south- 

e a s t e r n  Il.mit of the  sequence is  not  def ined with t h i s  study. 



Petrography 

For d i scuss ion  purposes,  the rocks of t he  McCallum and Rainbow 

Mountain sequences a r e  d iv ided  i n t o  t h r e e  groups which a re :  

(1) d e t r i t a l  sedimentary rocks ("graywackes"), (2) l imestones,  and 

(3) volcanics .  

D e t r i t a l  eedimentary rocks ("graywackes") 

According t o  Folk (1954) t h e r e  a r e  f i v e  important v a r i a b l e s  i n  the  

d e s c r i p t i o n  of sedimentary rocks. These are:  (1) g r a i n  s i z e ,  

(2)  cementing m a t e r i a l ,  (3) t e x t u r a l  matur i ty ,  (4) miscel laneaus 

t ranspor ted  c o n s t i t u e n t s ,  and (5) c l a n  des igna t ion ,  A rock descr ibed  

us ing  t h i s  system might be; f i n e  sandstone; s i l i c e o u s ,  submature, 

g l a u c o n i t i c  o r thoqua r t z i t e ,  The system of Fo lk iou t1 i aed~above  ds lused  

i n  t h i s  r e p o r t  f o r  a l l  v a r i a b l e s  except  t he  r e s t r i c t e d  c l a n  des igna t ion .  

There is no c l a s s i f i c a t i o n  scheme which adequately de f ines  most of 

t h e  c l a s t i c  d e t r i t a l  rocks encountered i n  t h e  s tudy area ,  The rocks 

a r e  of graywacke-like occurrence, bu t  they a r e  no t  graywackes (or  

arkoaes) intended i n  such c l a s s i f i c a t i o n  schemes a s  P e t t i j o h n  (1957), 

Krynine (1948), Folk (19541, o r  Hubert (1960). Therefore,  the  term 

"Graywacketl i a  used only i n  a broad aense t o  apply t o  a l l  vo l can ic  

der ived rocks,  and t h e r e  i s  no s p e c i f i c  mineral  c o m p ~ s i t i o n  implied 

a s  i n  o the r  c l a s s i f i c a t i o n s .  I n  add i t i on ,  the  v a r i a t i o n s  i n  mineral  

composition a r e  presented i n  t a b u l a r  form and t h e  reader  may i n t e r p r e t  

t hese  d a t a  i n  any way he chooses, 

The g ranu la r  f r a c t i o n  of brecc ias ,  f i n e r  grained c l a s t i c s  and 

pebble conglomerates of t he  Carboniferous sequence a r e  a s  follows: 



Breccias and finer grained clastics 

Grains-wdetrital particles larger than .03 mm 

1. Volcanic rock fragments 

andesitic-porphyritic andamygdaloidal porphyritic 

dacitic 

basaltic (minor) 

2. Plagioclase--01igoclase and andesine 

3. Quartz 

4. Limestone fragments in some zones or interbeds 

5. Minor constituents 

amphibole 

pyroxene (rare) 

chlorite 

epidote 

magnetite 

leucoxene 

Matrix-odetrital particles less than .03 nun 

1. plagioclase 

2. quartz 

3, chlorite 

4, epidote 

5.  sericite 

6. clay minerals 

Cement 

1, generally siliceous 

2. calcareous c o m n  to rocks associated with limestone 



Pebble conglomerates 

Grains 

1, cher t  

2, s i l t s t o n e  ("graywacke" composition) 

3. t u f f  fragments 

The remaining mater ia l  is the same a s  t h a t  i n  the  breccia8 and 

f i n e r  grained c l a s t i c s .  

The mineral composition of the sandstones and coarser  rocks i n  the 

study a rea  is  such t h a t  there  a r e  complete t r a n s i t i o n s  from rocks 

having the  composition l i s t e d  above t o  both limestones on the one hand 

and t u f f s  on the  o ther ,  and a t  any place on the  continuum, e i t h e r  rock 

fragments o r  fe ldspar  may be volumetrical ly prominent. Tuffaceous 

rocks a r e  l o c a l l y  abundant and a r e  ueually massively bedded. Highly 

calcaxeoue rocks a r e  commonly interbedded with limestones. Rocks 

intermediate between these  a r e  typ i f i ed  by graded bedding and appear t o  

be l l c l a s s i c  graywackes," 

The d e t r i t a l  c l a s t i c  rocks of the study area  t y p i c a l l y  a r e  dense 

and s i l iceous .  Secondary a l t e r a t i o n  of the  mafic cons t i tuent#  

(mainly rock fragment componenta) t o  c h l o r i t e ,  and the  common epido- 

t i z a r i o n  of the  fe ldspar  f r a c t i o n  havecnaused a c h a r a c t e r i s t i c  green-gray 

co lo r  (magascopic). A l t e ra t ion  t o  epidote hao genera l ly  been concen- 

t r a t e d  i n  l aye r s  of the  f i n e  c l a s t i c s  ( s i l t s t o n e s  and f i n e  sandstonee). 

The r e s u l t a n t  pa le  yellow-green color  of these s t r a t a  con t ras t s  with 

the  epidote-poor darker  green of the coarse c l a s t i c  layers .  This 

con t ras t  produces a s t r i k i n g  s t r a t i f i c a t i o n .  



Most s i l i c a t e  cons t i tuen t s  a r e  angular t o  subrounded i n  form. 

Carbonate and o ther  s o f t  mineral g ra ins  a r e  round t o  subround. Medium 

t o  coarse c l a s t i c s  a r e  poorly sor ted  a s  indicated by the  high matrix 

content  (4% t o  20% i n  most layers)  and a correspondingly low cement 

content,  

Most 'kraywacke" u n i t s  a r e  well  bedded i n  l aye r s  which genera l ly  

vary from a few inches t o  3 f e e t  i n  thickness. Graded bedding i s  

common; each l aye r  exh ib i t s  a gradat ion  from coarse sandstone o r  

pebble breccia-conglomerate t o  s i l t s t o n e  o r  f i n e  sandstones. Other 

layers  a r e  more massive o r  th ick ly  bedded, Laminated (non-graded) 

u n i t s  a r e  a l s o  common ( f ig .  P4), 

Examples of the more typ ica l  l i t h o l o g i e s  encountered i n  the 

study a rea  a r e  l i s t e d  i n  t ab le  P o  

Limestones 

The most abundant limestones i n  the study area  a r e  composed of a 

poorly sor ted  mixture of f o s s i l  fragments and sounded gra ins  of c l a s t i c  

limestone ( i n t r a c l a s t s )  s e t  In a matrix of microcrys ta l l ine  ooze 

(chemically p rec ip i t a t ed  c a l c i t e  analogous t o  matrix i n  a d e t r i t a l  

rock). Feldspar, quartz,  and volcanic rock fragments a r e  major impuri- 

t i e s  i n  most limestones, and magnetite, c h l o r i t e ,  c lay ,  hematite,  and 

p y r i t e  a r e  minor impurities.  

S i l t y  autochthonous ( e n t i r e l y  chemically p rec ip i t a t ed )  limestone 

is a major l i thology i n  u n i t  f of the Rainbow Mountain sequence 

(f ig.  26). These socks contain abundant hematite which imparts a 



*includes secondary a l t e r a t i o n  products 

V = volcanic flow rock fragments > combined where indist inguishable 
P = pyroclas t ic  rock fragments 
F = feldspar grains 
Q = quartz grains 
0 = other,  (includes carbonate, cher t  and other granular consti tuents)  
M = matrix and cement, (cement const i tu tes  no more than 3 per cent  of any of these rocks) 

Rainbov Mountain sequences. 

1 

Creek and 

Miscellaneous 
Transported 
Constituents 

- 

- 

- 

tuf  faceous 
fosai l i ferous  

tu f f  aceous 

tuf  faceous 

foss i l i f e rous  
tuffaceous 

foss i l i f e rous  
tuffaceous 

- 

glass  

tu f  faceous 

TAZLE 1.--Typical d e t r i t a l  rocks ("graywackes") of the McCallum 

Structure 
and 

Al tera t ion 
Specimen 
6unb e r 

8-17-1 

7-24-31 

Cement 

s i l i ceous  

s i l i ceous  

Textural 
Class 

coarse s i l t s t o n e  
medium sands tone 

f ine-very f ine  
sands tone 

Modal Analysis (%) 
Textural 
I h t u r i t y  

immature 

- 

irmnature- 
subma ture  

immature 

immature- 
submature 

immature 

immature- 
submature 

immature 

8-2-15 

7-17-1 

8-17-2 

8-15-4 

6-11-7 

6-8-26-2 

X 

17 

I 
V* P* 

graded bedding 
sausser i t ized 

8-16-14 

6-21-18 

9-4-2 

F* 

8 

f ine-coarse 
sandstone 

pebbly coarse 

10 63 

! 
I 

s i l i ceous  

calcareous 

Q 

2 

graded bedding 
sausser i t ized 

pebble 
conglomerate 

very coarse 
sandstone 

sandy f i n e  pebble 
conglomerate 

0 

10 3 8 36 

I 

sands tone s i l i ceous  

8 

10 

-- 

sandy pebble 
conglomerate 

s i l t y ,  f ine-coarse 
sands tone 

coarse sanclstone 

s i l t y  coarse 
sands tone 

s i l i ceous  

s i l i ceous  
calcareous 
ferruginous 

s i l i ceous  

I 

s i l i ceous  

s i l i ceous  

calcareous 
s i l i ceous  

calcareous 
s i l iceous  

immature 

innnature- 
submature 

immature 

1 

2 15 

18 

laminated 
graded bedding 

s t r a t  i f  ied 
epidotized 

15 

3 72 ? 

! 
13 ? 12 

1 
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4 1 

46 
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graded bedding 
chlor i t ized 
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maroon color .  I n  other  u n i t s  autochthonous limestones a r e  minor and 

a r e  usual ly  in te rca lca ted  with allochthonous ( c l a s t i c )  limestones and 

t r a n s i t i o n a l  v a r i e t i e s .  

The allochthonous ( c l a s t i c )  limestones cons i s t  of f o s s i l  fragments 

and i n t r a c l a s t s  cemented by sparry c l a c i t e .  This v a r i e t y  a l s o  e x h i b i t s  

impur i t ies  of volcanic o r i g i n  (e. g., p lagioclase  and volcanic rock 

fragments). 

A d iscuss ion of the aspects  of paleontology re la t ed  t o  the  

ds t ing  of the u n i t s  is  contained i n  the  following chapter.  I n  genera l ,  

however, the  fauna contr ibut ing  the  f o s s i l  fragments common t o  most 

limestones a r e  p r inc ipa l ly :  (1) cr inoids ,  (2) brachiopods, (3) bryozoana, 

(4) corals,  and (5) foraminifers.  Some l aye r s  p a r t i c u l a r l y  i n  u n i t  f ,  

a r e  c r i n o i d a l  limestones. Brachiopod-bryozoan-crinoid coguinas a r e  

confined t o  t h i n  ( l e s s  than 2 f e e t )  layers  i n  limestones of the Rainbow 

Mountain sequence. 

The c l a s t i c  g ra ins  composing most limestones range between .I m 

and 2 m i n  s i ze .  I n t r a c l a s t s  a r e  rounded. S i l i c a t e  impuri t ies  a r e  

subrounded t o  subangular, 

The limestones of the  McCallum Creek sequence a r e  apparently more 

s i l i c i f i e d  than most carbonates of the  Rainbow Mountain sequence, A few 

exceptions a r e  noted, however, and t h i s  s i l i c i f i c a t i o n  probably r e l a t e s  

more to l i t h o l o g i c  associa t ion  (e, g., s i l i c a  source in  the volcanics)  

than t o  s t r u c t u r a l  pos i t ion  and age d i f ferences .  Most limestones a r e  

s l i g h t l y  s i l i c i f i e d  although non-s i l i c i f i ed  types and those i n  which 

only allochems a r e  s i l i c i f i e d  a r e  common, 



The ratio of transported chemical fragments to cement varies 

greatly within any one major limestone unit. Layers composed almost 

totally of transported chemical fragments contrast with adjacent layers 

of predominantly chemically precipitated ooze. Stratification (thin 

bedded to laminated) is defined in part by this variation of the 

allochem-orthochem ratio. 

Some of the more common limestone lithologies of the McCallum 

Creek and Rainbow Mountain sequences are listed below in approximate 

order of decreasing abundance: 

Rock name 

intramicrudite-intramicrite* 

volcanic detritus bearing, fossiliferoua. 

(fossiliferous, sandy calcarenite-calcirudite). 

intramicrite-intramicrudite* 

fossiliferous (fossiliferous calcirudite-calcarenite),  

biomicrite-biomicrud ite* 

intraclast bearing (highly fossiliferous calcarenite- 

calcirudite with some coquina). 

intraparudite-intrasparite* 

volcanic detritus bearing, fossilFferous. 

(fossiliferous, sandy calcarenite-calcirudite). 

micrite* 

fossiliferous. 

(fossiliferous lithographic limestone) 

micr ite* 

(lithographic limestone) 

*Classified according to Folk (1959). 



Volcanics 

Various p y r o c l a s t i c  rocks comprise a  major p a r t  of the  Carboniferous 

sequences. Andesite flows a l s o  occur i n  a s s o c i a t i o n  wi th  sorne pyro- 

c l a s t i c  u n i t s  but  a r e  minor i n  the  sequence i n  general .  

Pyroc1astics.--Pyroclastics of two major conipositior~s occur  i n  

both t h e  McCallum Creek and Rainbow Mountain sequences. These a re :  

(1) d a c i t e  and (2) andes i te .  

Daci te  tuffs:--There appears t o  be l i t t l e  minera logica l  v a r i a t i o n  

w i t h i n  the  t h i c k  beds of these  py roc la s t i c s .  They a r e  p r imar i ly  c r y s t a l  

t u f f s  and c r y s t a l  l a p i l l i  t u f f s .  L i t h i c  l a p i l l i  t u f f s  a r e  minou. 

The most common v a r i e t y  of t u f f s  include approxin~ate ly  equal  

q u a n t i t i e s  of coarse  grained quar tz  and p l ag ioc l a se  with minor mafic 

minera ls  and rock fragments. These a r e  embedded i n  a  f ine-grained 

s e r i c i t e  and c h l o r i t e - r i c h  quar tzo- fe ldspa th ic  ma/trix ( f i g ,  18) .  

A l t e r a t i o n  of some c o n s t i t u e n t s  is  l o c a l l y  severe.  P l ag ioc l a se  

g r a i n s  have been d e c a l c i f i e d  (An30-35)~with the  development of a l t e r a -  

t i o n  s e r i c i t e ,  ep idote ,  carbonate  and c l ay  minera ls  (?), The primary 

mafic  c o n s t i t u e n t s  (hornblende?) have been a l t e r e d  t o  c h l o r i t e .  

L i t h i c  fragments of p o r p h y r i t i c  d a c i t e  a r e  major c o n s t i t u e n t s  i n  the 

c o a r s e r  phases ( d a c i t e  l a p i l l i  t u f f s ) .  These fragments a r e  h ighly  

a l t e r e d  t o  aggregates  of c h l o r i t e ,  s e r i c i t e ,  ep idote ,  and minor 

carbonate.  

The mat r ix  i s  composed of predominantly f i n e  grained ( < 0.1 rmn) 

qua r t z ,  p l ag ioc l a se ,  s e r i c i t e  and c h l o r i t e .  Epidote,  :carbonate,  

magnetite,  leucoxene, sphene, c l a y  minera ls  (?) and volcanic  g l a s s  

fragments a r e  minor, 



A l l  g r ada t ions  i n  p a r t i c l e  s i z e s  from ash  t o  l a p i l l i  a r e  common t o  

these  d .ac i t ic  py roc l a s t i c s .  Blocks and bombs a r e  c o n s t i t u e n t s  i n  some 

layers .  

Quartz g r a i n s  occur a s  euhedral  t o  subhedral dipyramidal forms 

w i t h  embayed sur faces .  S t r a i n i n g  and f r a c t u r i n g  i s  c h a r a c t e r i s t i c  of 

most of t hese  g r a i n s ;  s epa ra t ion  along these  f r a c t u r e s  i s  r a r e ,  however. 

Myrmekitic intergrowths a r e  present  but  uncommon. 

The coarse  p l ag ioc l a se  g r a i n s  a r e  gene ra l ly  subhedral.  Polysyn- 

t h e t i c  a l b i t e  and p e r i c l i n e  twinning is  common. 

S e r i c i t e  and c h l o r i t e  aggregates  d i s p l a y  a  s u b p a r a l l e l  p re fe r r ed  

o r i e n t a t i o n  which i n  p a r t  de f ines  a  p l ana r  s t r u c t u r e  c h a r a c t e r i s t i c  of 

t hese  rocks. This s t r u c t u r e  i n  some a r e a s  r ep re sen t s  a primary 

d e p o s i t i o n a l  feature--a  bedding. Elsewhere i t  i s  the  r e s u l t  of post-  

a l t e r a t i o n  shear ing ,  I n  these  l a y e r s ,  aggregate$ of a l t e r a t i o n  c h l o r i t e  

and s e r i c i t e  (derived from l i t h i c  fragments) have been "smeared out"  

co inc ident  wi th  bedding plane s l i p ,  

I n  outcrop,  t he  rock i s  f r i a b l e  and has a  g ros s  appearance of 

weathered g n e i s s i c  g r a n i t i c  rock, The v c l c a n i c - c l a s t i c  f a b r i c s  

(microscopical ly  v i s i b l e )  and the  interbedded r e l a t i o n s h i p s  of t hese  

rocks wi th  "graywackes" and impure l imestones i n d i c a t e  t h e  o r i g i n ,  

Andesite t u f f s , - -Py roc la s t i c  beds of andes i t e  l i t h i c  t u f f s  and 

l a p i l l i  t u f f s  occur a s  massive and s t r a t i f i e d  l a y e r s  a s soc i a t ed  wi th  

d a c i t i c  t u f f s  and a s  i s o l a t e d  p y r o c l a s t i c  successions i n  mainly the  

u n i t s  of the  McCallum Creek sequence, 



Andesite l i t h i c  fragments, most of which a r e  amygdaloidal, 

predominate over p l ag ioc l a se  g ra ins  a s  the  major c o n s t i t u e n t s ,  Com- 

bined wi th  minor pyroxene and o the r  a l t e r e d  mafic g ra ins  (hornblende?),  

t hese  c o n s t i t u e n t s  a r e  s e t  i n  i n  f i n e  grained mat r ix  of d e v i t r i f i e d  

g l a s s  fragments and p l ag ioc l a se  along wi th  minor quartz .  Abundant 

pennine c h l o r i t e ,  s e r i c i t e ,  and ep idote  a r e  p r i n c i p a l l y  a l t e r a t i o n  

products  of the  primary l i t h i c ,  mafic,  and p l ag ioc l a se  (o l igoc lase-  

andesine)  f r ac t ion .  

The l i t h i c  fragments a r e  subangular t o  rounded and f l a t t e n e d  

masses which a r e  u sua l ly  o r i en t ed  p a r a l l e l  t o  bedding a s  a r e  t he  con- 

ta ined  d i sco id  aggregates  of c h l o r i t e .  These f e a t u r e s  probably repre-  

s en t ,  a t  l e a s t  i n  p a r t ,  a  pos t -depos i t iona l  f l a t t e n i n g  of t he  p a r t i c l e s .  

Flows --The recognized flows c o n s i s t  dominantly of andes i t e s ,  -- 
mostly p o r p h y r i t i c  and amygdaloidal. These rockb appear s i m i l a r  i n  

t e x t u r e  and mineralogy t o  t he  massive a n d e s i t i c  " s i l l s t '  descr ibed i n  

t he  fol lowing sec t ion .  

One flow of b a s a l t  ( l a b r a d o r i t e ,  a u g i t e  and minor o l i v i n e )  was 

found assoc ia ted  wi th  the  a n d e s i t i c  vo lcanics  ( s e c t o r  D - 4 ( N C ) ) .  Basic 

flows may be more preva len t  than implied i n  the  d i scuss ion  s i n c e  f rag-  

ments of these  a r e  common i n  many "graywackes.'"~ d a c i t i c  flows were 

noted even though d a c i t e  p y r o c l a s t i c s  a r e  abundant i n  both sequences. 

The t y p i c a l  andes i t e  flow rocks conta in  a l t e r e d  p l ag ioc l a se  (Ang5) 

and subordinate  hornblende phenocrysts  (20% t o  35%) embedded i n  an 

a p h a n i t i c  and p a r t l y  v i t r i c  groundmass of pPagioclase,  hornblende, 

glass,  and magnetite. These primary c o n s t i t u e n t s  have been p a r t i a l l y  



a l t e r e d  t o  s e r i c i t e ,  epidote,  c lay  (?) (from plagioclase) ,  and pennine, 

epidote and magnetite (from mafic cons t i tuents) .  Augit ic  pyroxene is  

a minor cons t i tuen t  of some flows a s  is  quartz i n  others .  

Amygdules compose l e s s  than 20% of these flow rocks and contain 

c h l o r i t e  and commonly c a l c i t e  and s i l i c a  a s  f i l l i n g s .  

Atypical flows and flow phases a r e  non-parphyritic and amygdule- 

f r e e  but otherwase s imi la r  i n  mineralogy and fabr ic .  

Phenocrysts s f  porphyr i t i c  flows grade from .5 mm t o  2 mm (an 

average maximum). These g ra ins  a r e  t y p i c a l l y  euhedral t o  subhedral 

with p lagioclase  (decalc i f ied  andesine) displaying polysynthet i c  

twinning a s  well  a s  normal zoning (defined i n  p a r t  by magnetite in- 

c lus ion  p a t t e r n s  ( f  ig. 20). 

Flow s t ruc tu re ,  defined by the  prefer red  o r i e n t a t i o n  of l a t h  shaped 

phenocrysts and s l i g h t  compositional v a r i a t i o n s ,  is  characteriaqFc of 

zones s f  some flows. Columnar jo in t ing  is weakly defined with most 

flows. Other s t r u c t u r a l  f ea tu res  ( i f  present)  and contact  zones of 

flows a r e  d i f f i c u l t  t o  recognize i n  the f i e l d  owning t o  the  intense 

a l t e r a t i o n ,  f r ac tu r ing ,  and weathering of most volcanic layers .  

Petrogenesis 

The h i s t o r y  of pos t  deposi t ional  modifications of these u n i t s  is  

complex, The determinations of o r i g i n  and sequence of the  d iagenet ic  

events which have brought about the many changes i n  the  mineralogy and 

f a b r i c  of these rocks requi res  e labora te  petrographic and s t r a t i g r a p h i c  

s tud ies  beyond t h i s  study. I n  general  the  processes of s i l i c i f i c a t i o n ,  

c h l o r i t i z a t i o n ,  p y r i t i z a t i o n  and o ther  minera l iza t ion  and replacement 



have been noted a s  being e f f e c t i v e  i n  modifying primary l i t h o l o g i e s .  

Whether t hese  changes represent  one o r  more cyc l e s  of d e u t e r i c ,  hydro- 

thermal o r  reg iona l  metasomatic processes  has  not  bee.n determined. 

Hypabyssal rocks 

Many hypabyssal masses have intruded t h e  metamorphic, p lu ton ic ,  

and Paleozoic sedimentary rock u n i t s  i n  the  a rea .  Five sepa ra t e  occur- 

rences a r e  defined. Each of these  d i sp l ay  d i s t i n c t i v e  mineral  cornposi- 

t i ons -and  petrogeneses,  Those included can be c l a s s i f i e d  as:  (1) porphy- 

r i t i c  andes i t e ,  (2)  p o r p h y r i t i c  r h y o l i t e ,  (3) basalt-gabbro, (4) a l k a l i  

gabbro, and (5) p o r p h y r i t i c  d a c i t e .  Severa l  o the r  d ike  v a r i e t i e s  

apparent ly  unre la ted  t o  these  f i v e  types have been recognized; however, 

t h e  f i e l d  r e l a t i o n s h i p s  of these  a s  groups have no t  been adequately 

determined , 

Porphyr i t i c  andes i t e  

F i e ld  occurrence - 
This u n i t  i s  volumetr ica l ly  the most important hypabyssal occurrence 

i n  the  area.  These andes i t e s  a r e  confined a s  s i l l - l i k e  in t rus ions  i n t o  

rocks of the  McCallum Creek and Rainbow Mountain sequences. Although 

t h e s e  bodies have s i l l - l i k e  form when examined on a l a rge  s c a l e ,  each 

mass e x h i b i t s  l o c a l  d i scordancies  and small d ike  of fshoots  ( f i g .  28). 

Several  major "sills" ( th icknesses  varying t o  more than 1000 square f e e t )  

and many minor " s i l l s o '  ( l e s s  than 200 f e e t  th ick)  have been mapped (see 

p l a t e  1).  



It is poss ib l e  t h a t  some of the t h i n ,  poorly defined l a y e r s  of 

a n d e s i t e  ind ica ted  a s  being of hypabyssal o r i g i n  a r e  e f f u s i v e  ins tead .  

A l l  t he  major a n d e s i t e  bodies,  however, d i s p l a y  x e n o l i t h i c  l a y e r s  and 

d i k e  l i k e  o f f  shoots  along both con tac t  su r f aces  which i n d i c a t e  t h e i r  

hypabyssal emplacement. 

Pe t r o ~ r a p h y  

Severa l  s l i g h t  v a r i a t i o n s  i n  mineralogy and t e x t u r e  a r e  noted among 

the  p r o p h y r i t i c  andes i t e s ,  The more t y p i c a l  andes i t e  e x h i b i t s  both 

p1agiocBase ( 1  mm t o  2 mm) and subordinate  hornblende (1 mm t o  3 mm), 

a s  phenocrysts  (modal 25% t o  30%) s e t  i n  an aphani tdc groundmass of 

primary p l ag ioc l a se  and mafic minerals  (hornblende? and o the r s )  with 

abundant secondary s e r i c i t e ,  ep idote ,  carbonate ,  and c h l o r t t e  ( f i g .  21). 

Quar tz  i s  minor o r  absent  a l t oge the r .  

The l e s s  t y p i c a l  a n d e s i t e  v a r i a t i o n s  common t o  some " s i l l s M  show 

d i f f e r e n c e s  i n  (1) the  volume of phenscrysts ,  (2)  t he  r a t i o  of hornblende 

t o  p l ag ioc l a se  i n  the phenocrysts,  (3) the  s i z e  of phenocrysts ,  and 

(4) the  occurrence of amygdules, 

Xn the  McCallum Creek sequence ( s e c t o r s  B-2(SW) and C-21SE)) an 

amygdaloidal andes i t e  v a r i e t y  conta in ing  c h a r a c t e r i s t i c a l l y  abundant 

(modal 45%) Barge ( t o  4 mm) p lag ioc l a se  phenocrysts ,  c rops  out  wi th  a 

hornblende phenocrystal  type a s  l i t h o l o g i e s  i n  a  l a rge ,  i n  p a r t  d i e -  

cordant ,  i n t ru s ion .  

Several  megascopic t e x t u r a l  v a r i a t i o n s  occur w i th in  the  ex tens ive  

a n d e s i t e  occurrences which unde r l i e  much of the  high r idge  i n  the  

e a s t e r n  p a r t  of the  a r ea  ( s e c t o r  A-3).  Both phenocryst-r ich 

(p lag ioc lase)  and phenocryst-poor rocks a r e  common. This h ighly  



a l t e r e d  a n d e s i t e  probably composes more than one l aye r ;  s eve ra l  of 

these  nlay be flows. The i n t r u s i o n  of the  g ranod io r i t e  p lu ton  has 

s t a t i c a l l y  metamorphosed a  zone s e v e r a l  hundred f e e t  wide wi th in  

t h i s  a n d e s i t e  complex, The a n d e s i t e s  have been r e c r y s t a l l i z e d  t o  

actinolite-epidote-chlorite-albite rocks (greenstones) .  Igneous 

t e x t u r e s  a r e  preserved,  

The i n t e n s i t y  of a l t e r a t i o n  v a r i e s  w i th in  t h i s  genera l  a n d e s i t e  

u n i t .  The con tac t  zones of ind iv idua l  bodies  show gene ra l ly  the  

g r e a t e s t  e f f e c t s ,  The a l t e r a t i o n  assemblage of c h l o r i t e ,  ep idote ,  

s e r i c i t e ,  and hemati te  causes a  c h a r a c t e r i s t i c  pu rp l i sh  green co lo r  

i n  hand specimens. Toward the  i n t e r i o r  of these  i n t r u s i o n s  l e s s  

i n t ense  a l t e r a t i o n  is  apparent  from the  pa l e  green co lo r  of these  

socks. 

A broad t r a n s i t i o n  zone of andes i t e ,  r i c h  In  xeno l i t h s  ( i n  

vary ing  degrees of d i g e s t i o n ) ,  marks the  contac t  zones of most of t h e  

t h i c k e r  "sills" ( g r e a t e r  than I00 f e e t  wide). These zones average 

10  t o  20 f e e t  i n  th ickness  i n  most " s i l l s " ,  and some a r e  more than 

200 f e e t  wide, 

Po rphyr i t i c  r h y o l i t e  

F i e l d  occurrence - 
P a r t s  of two r idges  i n  s e c t o r s  C-5 and D-5 a r e  under la in  by 

p o r p h y r i t i c  r h y o l i t e  (see p l a t e  1).  These occurrences,  separa ted  by 

a  covered v a l l e y ,  a r e  probably r e l a t ed .  This d ike- l ike  i n t r u s i o n  

pinches out  t o  t he  west a f t e r  a t t a i n i n g  a  maximum th ickness  of 500 f e e t .  



The i n t r u s i o n ( s )  c ros scu t s  rocks of t he  Rainbow Mountain sequence and 

appears  t o  be intruded by p o r p h y r i t i c  andes i t e  of t he  u n i t  j u s t  

descr ibed.  

Petrography 

These r h y o l i t e s  a r e  c h a r a c t e r i s t i c a l l y  po rphyr i t i c ,  Euhedral t o  

subhedral ,  qua r t z ,  and a l t e r e d  potassium f e l d s p a r  phenocrysts (varying 

1 mm t o  5 mm i n  s i z e )  a r e  contained i n  a  mat r ix  of aphan i t i c  t o  f i ne -  

g r a i n  p h a n e r i t i c  potassium fe ldspa r ,  quar tz ,  some p l ag ioc l a se ,  and 

a l t e r a t i o n  s e r i c i t e ,  ep idote ,  carbonate ,  and c l ay  minerals.  Abundant 

f i n e  g r a i n  c h l o r i t e  (from the  a l t e r a t i o n  of p re -ex i s t i ng  mafic cons t i -  

t uen t s )  c o l o r s  t hese  r h y o l i t e s  an anomalous dark  green. 

Basal t-gabbro 

F ie ld  occurrence - 
Two occurrences of basal t -gabbro (diabase p r imar i ly )  a r e  d i s -  

t inguished.  One c o n s i s t s  of a  s i n g l e  swarm of near  v e r t i c a l  d ikes  

which c r o s s  c u t  a l l  p re-Ter t ia ry  conglomerate rock un i t s .  Many of t he  

t h i c k e s t  of t hese  ( g r e a t e r  than  5 f e e t )  a r e  shdwn on the  geologic  map 

( 1 .  1 )  The d ikes  of the  swarm which a r e  s u b p a r a l l e l  i n  o r i e n t a t i o n  

t rend  eastwest  i n  t he  e a s t e r n  p a r t  of the a r e a  and swing t o  a north-  

western t r end  i n  the  nor thern  p a r t  of t he  a rea ,  Ind iv idua l  d ikes  a r e  

r e l a t i v e l y  uniform i n  th ickness  and can be t raced  f o r  s eve ra l  mi les ,  

Most d ikes  a r e  l e s s  than 10 f e e t  wide.; however, s eve ra l  o f ' t h i c k n e s s e s  

g r e a t e r  than  100 f e e t  were mapped. 

The second and most unusual occurrence of d iabase  i n t r u s i v e s  

c r o s s  c u t s  rocks of the  McCallum Creek sequence i n  t he  southern p a r t  



of t he  a r e a  (see p l a t e  1). I n  map view t h i s  occurrence c o n s i s t s  of a 

s e r i e s  of small ,  approximately c i r c u l a r  bodies  wi th  diameters  varying 

from 100 t o  300 f e e t .  These p lug- l ike  i n t r u s i o n s  d i s p l a y  more 

in t ense ly  a l t e r e d  mineral  assemblages than do the  d ikes  of the  swarm 

but  otherwise appear composi t ional ly r e l a t e d  t o  them, 

No s t r u c t u r a l  connection bemeen these  occurrences,  however, was 

e s t ab l i shed .  

Petrography 

The mineral  compositions of these  basal t -gabbro i n t r u s i v e s  vary  

s l i g h t l y  between bodies. A clinopyroxene and l a b r a d o r i t e  assemblage 

is c h a r a c t e r i s t i c  of most dikes.  Augite (commonly t i t a n i f e r o u s )  is  

the  common pyroxene. P igeoni te  i s  l o c a l l y  a major cons t i t uen t .  

Another v a r i e t y  of d ike ,  a gabbro, con ta ins  hornblende and d e c a l c i f i e d  

andes ine- labrador i te  a s  major cons t i t uen t s .  A l l  mafic c o n s t i t u e n t s  a r e  

a t  Beast p a r t i a l l y  a l t e r e d  t o  c h l o r i t e ,  and f e l d s p a r s  a r e  moderately 

s a u s s e r i t i z e d  and weathered t o  c l a y  minerals.  An uncommon amphibole 

(pa le  green hornblende) i s  a l t e r e d  t o  a c t i n o l i t e  a s  we l l  a s  c h l o r i t e .  

A l k a l i  Gabbro 

F i e l d  occurrence 

A few a l k a l i  gabbro d ikes  ( l e s s  than 25 f e e t  i n  th ickness)  i n r tude  

the  Pre-Mississippian metamorphic rocks. These d ikes  a r e  f u r t h e r  

c r o s s  c u t  by the  d iabase  d ike  swarm. 

A composi t ional ly s i m i l a r  but  poss ib ly  unre la ted  d i k e  in t rudes  a 

p o r p h y r i t i c  andes i t e  hypabyssal (?)  body i n  the  southern p a r t  of the  

a r ea  and crops out  a long lower McCallum Creek ( s e c t o r  B-l(NE)). 



Petrography 

These d ikes  a r e  dist inguished i n  outcrop by a r e l a t i v e l y  high 

s p e c i f i c  gravi ty ,  a dark green color ,  and f i n e  grained equigranular 

t ex tu re ,  

Hornblende and subordinent ( 1 )  d iops id ic  pyroxene predominate over 

p lagioclase  and i n t e r s t i t i a l  potassium fe ldspar  and quartz a s  the  major 

mineral cons t i tuents ,  B i o t i t e  is d s i g n i f i c a n t  mineral i n  the d ike  

rocks of the northwestern occurrenek. The mafic cons t i tuen t s  have been 

sh lo r i t i zed .  Feldspars a r e  a l t e r e d  k b  s e r i c i t e .  Plagioclase shows 

add i t iona l  a l r e r a t  ion epidoth and carbonate. Grains of primary con- 

s t i t u e n t s  range up t o  7 mii i imeters  i n  s ize .  

F ie ld ,  occurrence - 
severa l  small,  i so la ted  but apparently r e l a t ed ,  lenses  of por- 

p h y r i t i c  d a c i t e  crop out along major f a u l t  t r a c e s  ( f a u l t s  "E," 'V,"  

and "N") i n  sec to r s  B-3(SW and WC) (see p l a t e  1). This r e l a t ionsh ip  

suggests t h a t  these  bodies were intruded along the  zones of s t r u c t u r a l  

weakness. 

Petrography 

Plagioclase (An3@) and minor quartz occur a s  coarse (5 mm maximum) 

subhedral phenocrysts i n  a f i n e  dark green groundmasa of pr imar i ly  

f e ldspar ,  quartz,  and c h l o r i t e ,  Locally potassium fe ldspar  is  included 

ae a major phenocrystal and groundmass cons t i tuent ,  Rocke of these  

l a t t e r  phases a r e  bes t  c l a s s i f i e d  a s  rhyodacites. 



The minor primary mafics, confined t o  the  matrix, have been 

thoroughly chlor i t ized .  Epidote (from plagioclase)  and s e r i c i t e  (from 

potassium fe ldspar)  a r e  add i t iona l  a l t e r a t i o n  products of minor 

abundance. 

Other hypabyssal rocks 

Several t h i n  ( 1  f t  t o  4 f t )  d ikes  of l i g h t  colored porphyr i t ic  

andes i te  cross  cu t  the  Rainbow Mountain sequence and most of the  

associated hypabyssal uni ts .  These bodies which appear t o  be randomly 

oriented a r e  unrelated t o  the  major porphyr i t ic  andes i t e  "sills" which 

were in jec ted  e a r l i e r .  

Other l i g h t  colored dikes contain abundant a l t e r e d  potassium 

fe ldspar  i n  addi t ion  t o  major p lagioclase  and quartz a s  phenocrysta i n  

a  comparable groundmass. These t h i n  sca t t e red  in t rus ions  appear t o  be 

quartz l a t i t e s .  

Pe trogenes is  

These rocks were intruded following the deposi t ion of the  

Carboniferous sediments. The porphyr i t ic  andes i te  "s i l l s '%ere  em- 

placed p r i o r  t o  the  Mesozoic (?) orogeny which caused the major folding 

of these sedimentary un i t s .  The p r inc ip le  d ike  u n i t s  were in jec ted  con- 

cu r ren t ly  with o r  following t h i s  orogeny, The in t rus ion  of the  

porphyr i t ic  r h y o l i t e  and porphyri te  d a c i t e  d ikes  preceded t h a t  of the  

diabase dike swarm. The rhyo l i t e s  and/or d a c i t e s  may be re l a t ed  t o  the 

hornblende granodiorhte pluton wl~ich appears t o  have been intruded 



dur ing  a corresponding geologic  per iod (Cretaceous). The r e l a t i o n s h i p s  

of the  a l k a l i  gabbro d ikes  t o  the  orogenies  fol lowing the  "sill" 

i n t r u s i o n  a r e  unknown. 

The l e u c o c r a t i c  d ikes  ( p o r p h y r i t i c  andes i t e  and quar tz  l a t i t e s )  

a r e  among the  l a t e s t  of i n t rus ions ,  

The summary of the  geologic  h i s t o r y  ( t a b l e  4) r e l a t e s  some of 

these  i n t r u s i o n s  t o  o the r  geologic  events.  

P lu tonic  rocks 

General s ta tement  

Several  g r a n i t i c  bodies  represent ing  one o r  more p lu ton ic  i n t r u s i o n s  

a r e  recognized wi th in  the  Rainbow Mountain-Gulkana Glac i e r  a rea :  

(1) a  mass of medium grained r e l a t i v e l y  f r e s h  qua r t z  d i o r i t e  ( the  

Gulkana phase) u n d e r l i e s  much of t h e  f l o o r  of Gulkana Glac ier ,  

(2)  qua r t z  d i o r i t e  a l s o  crops out  along the  south s i d e  of Canwell 

G lac i e r  i n  s e c t o r s  B-4, C-4,  and C-5 (p l .  I ) ,  (3) nor th  of the Denal i  

l ineament and p r i n c i p a l l y  west of the  De l t a  River another  g r a n i t i c  

mass has been intruded,  (4) a  d i s t i n c t i v e ,  h ighly  a l t e r e d  qua r t z  

d i o r i t e  gne i s s  of probable p lu ton ic  o r i g i n  crops out  c h i e f l y  i n  a  

l i n e a r  p a t t e r n  near  t he  no r the rn  l i m i t  of the  map a r e a  i n  s e c t o r s  C-5 

and D-5 ,  and (5) a  g ranod io r i t e  mass occupies  much of the a r e a  j u s t  

e a s t  of t he  r idge  of Rainbow Mountain. 

No a r e a l  l i m i t s  of any of these  bodies  have been examined i n  

d e t a i l  nor  a r e  t h e  r e l a t i o n s h i p s  between them known. The quar tz  d i o r i t e  



g n e i s s  and the g ranod io r i t e  mass a r e  loca ted  i n  p a r t  w i th in  the  s tudy 

a rea  and a r e  d iscussed  i n  t he  fol lowing sec t ions .  

Quartz d i o r i t e  gne i s s  

F i e l d  occurrence 

Quar t z  d i o r i t e  gne i s s  occurs i n  a  northwest t rending  f a u l t  block 

o r  wedge i n  s e c t o r  C-5 and D-5 (see p l a t e  1) .  Another f a u l t e d  (?) 

segment crops out  i n  t he  canyon wa l l  ( s e c t o r  D-5(C and NC)) f o r  a  

d i s t a n c e  of one-half mile  south of f a u l t  U (p l s .  1 and 4).  I n  t he  

l a t t e r  occurrence the  mass i s  p a r t i a l l y  capped ( f a u l t  o r  unconformity) 

by Pre-Miss i s s i p p i a n  metamorphic rocks. 

Petrography 

Andesine, qua r t z ,  hornblende, pennine c h l o r i t e ,  and c l a y  (? )  

minera ls  a r e  major c o n s t i t u e n t s  i n  most of t hese  gne isses .  

For the  most p a r t ,  the composition of the  gne i s s  i s  narrowly quar tz  

d i o r i t i c .  Quar tz  poor ( d i o r i t i c )  phases occur l oca l ly .  P l ag ioc l a se  ( i n  

s l i g h t l y  d e c a l c i f i e d  g r a i n s ,  An30,35 ) i s  a l t e r e d  t o  ep idote  

( c l  i n o z o i s i t e )  carbonate  and s e r i c i t e ,  and highly weathered t o  c l ay  ( ? )  

minerals .  A l t e r a t i o n  and weathering products  commonly co r i s t i t u t e  more 

than 50 per  cent  of o r i g i n a l  p l ag ioc l a se  volume. Grains a r e  inequi-  

g ranu la r  ( 1  mm t o  3 mrn), anhedral ,  and s l i g h t l y  e longate ,  A lb i t e  

twinning is  preserved i n  many gra ins .  Quar tz  has  a  ~ i l n i l a r  h a b i t  and 

g r a i n  s i z e  v a r i a t i o n .  Leucocrat ic  c o n s t i t u e n t s  i n  many gne i s se s  a r e  

d i s t i n c t l y  s e r r a t e d  i n  form. The mafic minerals  assoc ia ted  wi th  the  

dark  cc)mponents of the gne i s s  a r e  a l t e r a t i o n  o r  re t rograde  products  



from the  conversion of hornblende, These minerals include pennine 

c h l o r i t e ,  p i s t a c i t e ,  and minor a c t i n o l i t e .  In  some phases very l i t t l e  

primary hornblende is r e l i c t ;  elsewhere it is  abundant, Apat i te  and 

magnetite a r e  common accessories.  No potassium fe ldspar  was observed 

i n  t h i s  gneiss  , 

The following shows the  v a r i a t i o n  i n  the mode of cons t i tuen t s  f o r  

f i v e  specimens. 

mineral 

p lagioclase  

quartz 

hornblende 

epidote ( p i s t a c i t e )  

c h l o r i t e  (pennine) 

carbonate 

s e r i c i t e  

c lay  (?) minerals 

specimen number 

(2) (3) (4) 

3 3 4 2 32 

37 3 15 

- 2 1 

3 14 13 

5 15 4 

3 2 5 

4 4 8 

14 17 10 

accessor ies  1 1 1 2 1 

l'he gneiss  exh ib i t s  an equigranular xenoblas t ic  texture.  Fo l i a t ion  

i s  defined by the  coarse t o  f ine ,  subpara l l e l  minerals which occur as  

elongate anhedral (amoeboid-like) g ra ins  ( f ig .  25). A 1 1  mineral con- 

s t i t u e n t s  have been a f fec ted  by the  c a t a c l a s i s  and p a r t i a l  r e c r y s t a l l i -  

za t ion  which have been responsible f o r  the gne i s s i c  f ab r i c .  Cornposi- 

t i o n a l  layering ( p a r a l l e l  t o  f o l i a t i o n )  is pronounced i n  some gnelsses. 

I n  most phases, however, the  gneiss  is  massive. 



Pet rogenes is  

The narrow compositional l i m i t s  over a f a i r l y  l a r g e  a rea  suggest  

t h a t  t he  qua r t z  d i o r i t e  gne i s s  was der ived  from a p r e e x i s t i n g  igneous 

mass. 

Of a number of poss ib l e  o r i g i n s ,  two seem most l i k e l y :  

1. A marginal po r t ion  of one of the  Mesozoic quar tz  d i o r i t e s  

(e.g., Canwell phase, s e e  f i g u r e  24) was deformed during o r  a f t e r  

i n t rus ion .  F o l i a t i o n  banding, r e c r y s t a l l i z a t i o n  and c a t a c l a s i s  would 

then  be products  of t h i s  event.  The apparent  t r a n s i t i o n  from d i r e c t i o n -  

l e s s  Canwell quar tz  d i o r i t e  t o  gne i s s  wi th  j u s t  a few apparent ly  small  

displacements  suppor ts  t h i s  view (R. B. Forbes,  personal  communication), 

a s  does the  mineralogic  s i m i l a r i t y  of these  bodies.  

2, The quar tz  d i o r i t e  i n t r u s i o n  and i t s  metamorphism were both 

gre-Mississ ippian events ,  perhaps r e l a t e d  t o  t h e  metamorphism of t he  

gre-Miss i s s  ipp ian  sediments. Thia view is  supported by the  observa t ion  

tha t :  (1) t h e r e  is an absence of deformed and s c h i s t o s e  post-  

Miss i ss ippian  sediments and igneous rocks i n  the  a r ea  and (2) t he  

occurrence of qua r t z  d i o r i t e  gne i s s  of v i r t u a l l y  i d e n t i c a l  composition 

t o  the qua r t z  d i o r i t e  gne i s s  i n  ques t ion  has  been recognized i n  a 

d e f i n i t e l y  pre-Mississ ippian h igher  grade schis t-gneiss-migmati te  

complex loca ted  4f u i l e s  f a r t h e r  t o  t he  e a s t  (D. M, Ragan, personal  

communication). 



Hornblende g ranod io r i t e  

F i e ld  occurrelice - 
The g ranod io r i t e  mass is intruded i n t o  sediments ,  f lows  and some 

hypabysstll rocks of t h e  Rainbow Mountain sequence. 

Tile occurrence is  separated i n t o  two l i n e a r  b e l t s .  R, B. Forbes 

(personal  communication) has  mapped hornblende g ranod io r i t e  i n  a 

narrow b e l t  along the southern margin of Canwell Glac ie r ,  ( s ee  p l .  I ) ,  

s e c t o r s  B-9,  B-5, and C-5. This  b e l t  is separa ted  from the  maill occur- 

rence of the  g ranod io r i t e ,  s e c t o r s  ~ $ 3 ,  B-3, and B-4 ,  by a mass of 

qua r t z  d i o r i t e  and d u n i t e  a l s o  mapped by Forbes. 

To the  west,  the  p lu ton  has  been f a u l t e d  i n t o  con tac t  wi th  the  

Rainbow Mountain sequence (along f a u l t s  G and Y (pl .  4)). I n t r u s i v e  

c o n t a c t s  a r e  noted along t h e  sou theas t e rn  margin of t he  g ranod io r i t e .  

The eastward l i m i t  of t h e  g r a n a d i d r i t e  body has  no t  been con- 

c l u s i v e l y  determined. 

The g ranod io r i t e  body forms f r e s h ,  sharp,  l i g h t  colored outcrops 

and y i e l d s  coarse  blocky t a l u s  a s  a r e e u l t  of t h e  uniform w e l l  developed 

j o i n t  s e t s .  Reddish i r o n  ox ida t ion  p t a in ing  darkens the  j o i n t  su r f aces  

of t he  rocks i n  zones ad jacent  t o  major f a u l t s .  

Petrography 

Only minor v a r i a t i o n s  i n  mineralogy and t e x t u r e  occur throughout 

the mass of hornblende g ranod io r i t e ,  The major primary mineral cons t  i.- 

t u e n t s  include andee i i~e  and quartz .  Hornblende and potassium f e l d s p a r  

a r e  minor wi th  z i r con  and magnetite a s  common acces so r i e s .  



A r ep re sen ta t ive  modal a n a l y s i s  shows: 

plagioclase-andes ine  (deca l c i f i ed  wi th  

a l t e r a t i o n  products  (ep idote ,  carbonate ,  

s e r i c i t e  and c l a y  minerals)  . . . . . . . . . . . . . .  54% 

qua r t z  . . . . . . . . . . . . . . . . . . . . . . . . . .  34% 

potassium fe ldspar -or thoc lase  (?) with  

s e r i c i t e  and c l ay  minerals  a s  

a l t e r a t i o n  . . . . . . . . . . . . . . . . . . . . . .  6% 

amphibole-hornblende, p l u s  a l t e r a t i o n  c h l o r i t e ,  

ep idote  and b i o t i t e  . . . . . . . . . . . . . . . . . .  5% 

accessor ies -z i rcon  and magnet i te  . . . . . . . . . . . . .  1% 

Andesine occurs  i n  subhedral t o  anhedral  g r a i n s  which a r e  

moderately t o  h ighly  a l t e r e d  p r imar i ly  t o  ep ido te  and c l a y  minerals  and 

minor carbonate  and s e r i c i t e .  Grains vary  i n  s i z e  t o  a  maximum of 5  mm. 

A l b i t e  twinning i s  common and normally zoned plagioclsrse g r a i n s  a r e  

typical  of some g r a n o d i o r i t e  phases. 

Most qua r t z  g r a i n s  a r e  uniquely coarse  and equidimensional i n  form 

b u t  show i r r e g u l a r  margins which i d e n t i f y  the  i n t e r s t i t i a l  h a b i t .  

Other g r a i n s  a r e  small  and amoeboid i n  form ( f i g ,  23).  

Potassium f e l d s p a r s  form anhedral  t o  euhedral  g r a i n s ;  the  former 

are i n t e r s t i t i a l .  These g ra ins  have been h ighly  s e r i c i t i z e d ,  

The primary mafic c o n s t i t u e n t s  have been a l t e r e d  t o  c h l o r i t e ,  

ep idote ,  and b i o t i t e  i n  pa r t .  R e l i c t  hornblende g ra ins  a r e  s c a t t e r e d  

i n  subhedral aggregates ,  Accessory magnetite is p r imar i ly  an 

a l t e r a t i o n  product,  



Glomeroporphyritic masses of mafic mineral-r ich aggregates  a r e  

t y p i c a l l y  s c a t t e r e d  throughout the  in t rus ion .  Many e x h i b i t  a diameter 

of a s  much a s  10 cm t o  20 cm; however, most vary from 1 cm t o  3 cm. 

Xenoli ths  of a n d e s i t i c  and sedimentary rock composition derived from 

the  country rock a r e  abundant along some i n t r u s i v e  contac ts .  

The g ranod io r i t e  is r ead i ly  d is t inguished  i n ; t h e  f i e l d  from o t h e r  

p lu ton ic  v a r i e t i e s  by the  na ture  of the  coarse grained t ex tu re  of 

quar tz  and the r e l a t i v e l y  low co lo r  index (5-10). 

Petrogenesis  

A normal sequence of c r y s t a l l i z a t i o n  of the  cons t i t uen t  minerals  

is  indicated.  The e a r l y  c r y s t a l l i z a t i o n  of p l ag ioc l a se  was accompanied 

i n  p a r t  by the  development of t he  mafic cons t i tugnts .  More c a l c i c  

p l ag ioc l a se  g r a i n s  c r y s t a l l i z e d  i n i t i a l l y  and were compounded by the 

add i t i on  of progress ive ly  more a l b i t i c  rims. Potassium fe ldspa r  

p a r t i a l l y  c r y s t a l l i z e d  l a t e r  t o  form f i n e  euhedral-subhedral gra ins .  

Quartz formed during the  l a s t  s t ages  of c r y s t a l l i z a t i o n  a s  i n t e r s t i t i a l  

masses. A l a t e  magmatic o r  pneumatolytic o r i g i n  of some of the i r r e -  

gu la r  i n t e r s t i t i a l  potassium fe ldspa r  is l i ke ly .  A s i m i l a r  o r i g i n  f o r  

the  a l b i t e  rims of the  andesine g ra ins  is  poss ib le .  The post-magmatic 

a l t e r a t i o n  of these  rocks (probably deu te r i c ,  poss ib ly  hydrothermal) has 

accounted f o r  t he  development of the  secondary minerals ,  pennine c h l o r i t e ,  

, s e r i c i t e ,  ep idote ,  carbonate ,  and c l ay  ( 7 )  minerals. 

The phys ica l  r e l a t i onsh ips  of the hornblende g ranod io r i t e  mass wi th  

the  Canwell phase o r  Gulkana phase of the quar tz  d i o r i t e  have not  been 

e s t ab l i shed ,  The f a b r i c  and mineralogy wi th in  each of these  bodies 



v a r i e s  l i t t l e ;  no g r a d a t i o n  from one t o  t h e  o t h e r  has  been noted. 

Although t h e  apparen t  s i m i l a r i t i e s  i n  g r o s s  cllemicsl composi t ion 

suggest  t h a t  thcse  nmsscs rcpresci l t  i n d i v i d u a l  p h ~ s e s  of one major 

p l u t o n ,  f i e l d  e v i d e ~ i c e  s u p p o r t s  the  p o s t u l a t i o n  t h a t  two s e p a r a t e  and 

d i s t i n c t  p l u t o n s  e x i s t .  

It is probable  t h a t  t h e  g ra r lod io r i t e  i r l t r u s i o n  is middle t o  l a t e  

Cretaceous i n  age. This  d a t i n g  is  based on: (I) c o r r e l a t i o n  with 

a s i m i l a r  g r a n o d i o r i t e  p l u t o n  occur r ing  t o  t h e  e a s t  which h a s  been 

dated as 105 ~ n i l l l u ~ l  years ( lead-, i lpha mctl~ocl) , ( 2 )  r e l i i t i v e  .ige 

w i t h  r e s p e c t  t o  t he  l oca l  sequence of d e f o r n u t ~ o n ,  dnii ('3')  corrt.1'1tion 

w i t h  r e g i o n a l  orogenic  move~ncnts, 



STFUTIGRAPHY AND PALEONTOLOGY 

Strat igraphy 

Descript ion 

This sec t ion  i s  confined t o  a  d i scuss ion  of the McCallum Creek and 

Rainbow Mountain sequences. The v a r i a t i o n s  i n  gross  l i t ho logy  and a r e a l  

d i s t r i b u t i o n  of these u n i t s  a r e  shown on p l a t e  1. 

P l a t e  3 i l l u s t r a t e s  s t r a t i g r a p h i c  sec t ions  and general  l i t h o l o g i c  

descr ip t ions  of the McCallum Creek and Rainbow Mountain sequences which 

were compiled from the geologic map and s t r u c t u r e  sect ions.  No de t a i l ed  

sec t ions  were measured i n  the f i e l d  and, therefore ,  a l l  s t r a t i g r a p h i c  

thicknesses  a r e  approximate. 

The McCallum Creek and Rainbow Mountain sequences a r e  s imi l a r  i n  

terms of general  l i tho logy and s t r u c t u r a l  s t y l e .  There a r e ,  however, 

d i f f e r ences  i n  the  sequence of s t r a t a  and c e r t a i n  s t r u c t u r a l  aspec ts  

and faunal  content  which give cause f o r  the separa t ion  of u n i t s ,  

McCallum Creek sequence 

l%e McCallum Creek sequence i s  separated by a  major f a u l t  (I) i n t o  

two p r i n c i p l e  f a u l t  blocks (pl.  3 ) ,  The l i t h o l o g i c  and general  s t r a t i -  

graphic s i m i l a r i t y  of the lower 1000 f e e t  of sec t ion  from the  southern 

f a u l t  block, and the upper 1000 f e e t  of the northern f a u l t  block suggests 

the poss ib le  co r r e l a t ion  of these in t e rva l s .  I f  t h i s  c o r r e l a t i o n  i s  

co r r ec t ,  which seems l i k e l y ,  then the  sequence d isp lays  a minimum 

s t r a t i g r a p h i c  thickness  of approximately 5600 f e e t  (pl.  3 ) .  



Rainbow Mountain sequence 

The Rainbow Mountain sequence i s  t ransected by two major f a u l t  

s e t s  (D-E-F and W-M) i n t o  three  p r inc ip l e  f a u l t  blocks, The s t r a t i -  

graphy i n  each block has been determined. Corre la t ion  of the sec t ions  

between these blocks, however, has not  been accompli~hed. Generalized 

s t r a t i g r a p h i c  columns f o r  each block a r e  shown i n  p l a t e  3. 

Paleotectonic  s e t t i n g  

Payne (1951) ind ica tes  t h a t  much of southern Alaska, including the  

present  Alaska Range, was the s i t e  of the magmatic (eugeosynclinal) 

por t ion  of a  major geosyncl inal  b e l r  during l a t e  Paleozoic time. This 

interpretation may or may not be supported by the present study of the 

Rainbow Mountain area,  Since the study a rea  is r e l a t i v e l y  small and 

extensive,  regional  co r r e l a t ions  of u n i t s  have not  been made, an 

i n t e r p r e t a t i o n  of the major t ec ton ic  s e t t i n g  is reserved, 

The th i ck  sec t ions  of volcanic  " g r a y ~ a c k e s , ~ ~  t u f f s ,  and flows t h a t  

cha rac t e r i ze  both the Rainbow Mountain and the  McCallum Creek sequences 

ind ica te  depos i t ion  i n  an ac t ive  tect:onic environment. It is a l s o  

evident t h a t  volcanic  a c t i v i t y  provicled the chief  source of mater ials .  

The physical  succession of rock types exposed in  t h i s  a rea  

appears t o  r e f l e c t  c y c l i c a l  t ec ton ic  and volcanic  a c t i v i t y ;  represented 

i n  the following s tages:  

1. volcanism with the ex t rus ion  of a n d c s i t i c  and d a c i t i c  flows and 

accumulation of py roc l a s t i c  s e d h e n t e .  

2. erosion and p a r t i a l  r e d i s t r i b u t i o n  by cur ren ts  and wave ac t ion  

of volcanic  deb r i s  t o  form t h i n  bedded t o  massive "graywackegOn 



3,  rccrrrrcnt u p l i f t s  tllat rcasul ted i.n sluniping of sediments and 

fu r the r  r e d i s t r i b u t i o n  of c l a s t i c  natc!rials,  Dcposition from t u r b i d i t y  

cur ren ts  produced thiclc scqucnccs of gradcd "~;raywackes," 

4 ,  volcanic  quiescence and r e l a t i v e  s t a b i l i t y ,  during which t h i n  

limestones accunlulatcd, 

A completed cycle usudl ly sllows 150 t o  300 f e e t  (average) of 

deposi ts ,  Cycles 01 much th icker  accumulation, however, do occur. 

The sequence of the cycle  was complicated by numerous l o c a l  f ac to r s ,  

and in t e r rup t ions  and r eve r sa l s  of s tages  have been recognized loca l ly ,  

It is c l e a r  t h a t  topography, proximity t o  volcanic  source, and depth of 

water a r e  among the f a c t o r s  t h a t  a f f ec t ed  the a r e a l  d i s t r i b u t i o n ,  

tliickness, and v e r t i c a l  succession of depos i t s ,  

Well developed graded bedding suggests t h a t  much of the sec t ion  was 

deposited from t u r b i d i t y  cur ren ts ,  Osc i l l a t i on  r i p p l e  marks, mudcracks, 

cross  bedding, and s imi l a r  scdimcntary s t r u c t u r e s  usua l ly  i nd ica t ive  of 

shallow water a r e  i n  gencral absent,  However, many l aye r s  a r e  character-  

ized by small sca le  d e f o m t i o n a l  f ea tu re s  such a s  slump and flowage 

s t r u c t u r e s  t h a t  apparent ly were forn~ed penecontemporaneously. 

Most t u f f s  and volcanic  flows a r c  interbedded with l imestones and 

appear t o  be of marinc o r ig in ,  but  the  p o s s i b i l i t y  of subarea1 accumu- 

l a t i o n  of some of these depos i t s  i s  recognized. No c l e a r  evidence t h a t  

would resolve t h i s  problem has been obtained, 

A comprehensive study of the scdi~ncntary s t r u c t u r e s  and physical  

f a c i c s  r e l a t i o n s  of rocks i n  tllc Rainbow Mountain a r ea  is  needed f o r  a 



d e t a i l e d  i n t e r p r e t a t i o n  of the pa leo tec tonic  s e t t i ng .  Combined with 

b io s t r a t i g r aph ic  study, tliesc d a t a  would u l t ima te ly  pcrmit reconstruc- 

t i o n  of t he  paleogeography of t h i s  p a r t  of Alaska, 

Paleontology -- 

F o s s i l s  were co l lec ted  from 12 l o c a l i t i e s  i n  the  Rainbow Mountajia 

sequence and i n  the McCallum Creek sequence. Boss i l  l o c a l i t i e s  a r e  

shown by p l a t e  3.  I d e n t i f i e d  f o s s i l s  from each l o c a l i t y  a r e  l i s t e d  

i n  t a b l e  2. 

F o s s i l s  ind ica te  t ha t  rocks of both Mississ ippian (?)  and Pennsyl- 

vanian age a r e  present  i n  the Rainbow Mountain area.  The des igna t ion  

McCallum Creek sequence (Mississippian ? )  and Rainbow Mountain sequence 

(Pennsylvanian) is based pr imari ly  upon paleontologFca1 d i f f e r ences  of 

the two sequences. 

A prel iminary study of the floss;lll i nve r t eb ra t e s  has been made by 

C. L. Rowett, paleontologLti  a t  the  Untyersttjy of Alaska, Rowett 

notes  tihe. fiollowing : 

A Pennsylvanian age is indicated fo r  t he  exposures a3t l o c a l i t i e s  
F-1 and 3 through 9. The rocks a t  l o c a l i t i e s  F-10 apd 11 a r e  
pre-Pennsylvanian and probably Mississ ippian i n  age, 

In  p a r t i c u l a r ,  the  presence of Pseudoparaleaoceras, n. sp. and 
S p i r i f c r  c f .  g. rockymontanum a t  l o c a l i t y  F-1 suggests t h a t  these  
sk ra t a  a r e  lower Pennsylvanian (prc-Dcsmoinesian) i n  age. S imi la r ly ,  
the occurrence of the  F u s i l i i ~ i d s  Wcdckindcll ina? and Fusu l ine l l a?  
a t  l o c a l i t y  F-3 requi res  a posii-Morrow, prc-Missouri age f o r  these  
s t r a t a ,  An unident i f ied  NcaBcoceratidian ccphalopod and fusiform 



TABLE 2. F o s s i l s  from McCallum Crcek and Rainbow Mountain s c q ~ ? $ ~ c ~ ?  

I 

Fauna 
rC*' 

* 
Foramini fera :  

+ 
Wedclcindellina? sp. 

Fus t r l lnc l  --- In7 sp ,  

i u s i i o r m  f u s i l i n i d s ,  gcnus undet .  

Anthozoa 

A u l o p h y ~ l i d  c o r a l ,  genus undet .  

L i t h o s t r o t i o n e l l i d  c o r a l ,  genus undet .  

Bothrophyllum n. sp. 

Cyathopsid c o r a l ,  genus undet. 

Amplcxizaphrentis  n. sp. 

Miche l in i a  c f .  M, r e f e r t a  Moore and J e f f o r d s  

Cladochonus c f .  C. t c x a s e n s i s  Moore and J e f f o r d s  

Brachiopoda 

Schizophoria sp ,  

Leptaena c f .  5. analoga ( P h i l l i p s )  

Schuchc r t e l l a  sp ,  - 
Com~>osit:a sp. 

d i c  t y o c l o s t i d  brachiopod 

Linoproductus (sensn s t r i c t o )  sp. 

Buxtonia sp.  

E c h i n o c o n c h ~  sp.  

Brac l~y thy r i s  c f .  g. subcnrdiforrnis  (Hal l )  -- 
Sp i r iLc r  c f .  S .  rockyrnontanus Marcou 

S p i r i f c r  spp. 

T,cior.l~ynchus cf .  L. rockymontanus (Ekrcou) 

Gastropodn: 

I 
Pleurotomar iac ian  gas t ropod,  genus undet. 

Pclccypoda: 

Aviculopccten sp,  

Cephalopoda: 

Pscudo~~ara l e j i occ ra s  n. sp. 
w 

Ncoicoccra t id ian  ccphalopod, gcnus undet ,  

T r i l o b i t n :  

Ph i l1  i p s i d  t r i l o b i t e ,  ~ c ~ ~ u s  undi L .  
--- 
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f u s i l i n i d s  from l o c a l i t y  F-9 likewise suggest a lower Pennsylvanian 
(post-Morrow) age. The overa l l  aspect  of the fauna corresponds 
most nearly t o  Atokan faunas elsewhere. 

It i s  notable  t h a t  the  f o s s i l  assemblage from l o c a l i t y  F-1 has no 
counterpart  a t  any o ther  l o c a l i t y ;  t h i s  may be due t o  a s l i g h t  
d i f fe rence  in  age, o r  more probably, a l a t e r a l  d i f fe rence  i n  the  
environment of deposition. 

The exposures a t  l o c a l i t y  F-10 and 11 a r e  pre-Pennsylvanian i n  age. 
Numerous specimens of Leptaena were co l lec ted  a t  these l o c a l i t i e s .  
These appear t o  be re ferab le  t o  &, analor?;a(~hi l l ips) ,  which i s  a 
Mississippian form. In  addi t ion,  a s ing le  specimen of Brachythyris 
was co l lec ted  a t  l o c a l i t y  F-11 t h a t  appears t o  correspond s t r a t i -  
g raphica l ly  t o  the  s t r a t a  a t  l o c a l i t y  F-10. This scanty evidence, 
p lus  the absence of d e f i n i t i v e  Devonian forms, supports a t e n t a t i v e  
assignment t o  the Mississippian System. 

Regarding the co l l ec t ion  of f u s l l i n i d s  from l o c a l i t i e s  F-3 and F-9, 

II. E. Wheeler s t a t e s :  

Among these, only the f u s i l i n e s  appear t o  be diagnost ic .  Only the  
sub-family, F u s u l i n i y a  appears t o  be represented; some appear 
assignable t o  Wedekiwllina and some possibly t o  Fusul inel la .  The 
abundance of these i n  the pre-Missourian Pennsylvanian, together  
with the absence of more advanced forms s t rongly  suggests t h a t  
the  s t r a t a  a r e  e i t h e r  Des Moinesian o r  e a r l i e r  Pennsylvanian. 

Wheeler a l s o  i n f e r s  a post-Morrowan age f o r  these fauna i n  h i s  discussion.  

The fusiform f u s i l i n i d e  co l lec ted  from l o c a l i t y  F-2 are s imi l a r  i n  

ex t e rna l  form t o  those from l o c a l i t i e s  F-3 and 9. However, only a few 

poorly preserved specimens were obtained. The d i s t i n c t i v e  ltmaroonl' 

limestone rubble a t  l o c a l i t y  F-2 is believed t o  represent  a lands l ide  

mass derived from u n i t  f  of the Rainbow Mountain sequence ( f ig .  36), 

wllich is  of s imi l a r  l i thology.  On t h i s  bas i s ,  u n i t  f is t e n t a t i v e l y  

dated a s  Pennsylvanian, A Pennsylvanian age i s  a l s o  assigned, ten ta-  

t i v e l y ,  t o  the remaining succession i n  t h i s  f a u l t  block on evidence of 

the  apparent conformity of the sec t ion  with respect  t o  u n i t  E and the 

general  s i m i l a r i t i e s  between these u n i t s  i n  faunal  aspect ,  



Zlyure 10: Crumpled p h y l l i t e  
from the  Pre-Mississippian meta- 
morphic rocks (specimen SCF/v/5) . 
Delicate  i n t e r c a l a t i o n s  of quar t -  
zo-feldspathic  layers  ( q f )  and 
carbonaceous c h l o r i t e  phy l l i t e  
show s-surfaces  ( s l ,  s2 and s 3 ) .  
P la in  l i g h t ,  X40. 

Fiyurc 11: Flncly layered i m -  
pure marble from t h e  Pre-Miss- 
iss ippian metamorphic rocks 
(specimen SCF/v/l-2) . Alter -  
na t ing  qua r t z - a lb i t e - ca l c i t e  
( c )  and carbonaceous c h l o r i t e -  
s e r i c i t e -qua r t z - a lb i t e  ( f )  - 
c a l c i t e  l ayers  de f ine  s l  with 
f o l i a t i o n  (s2) subpa ra l l e l .  
P l a in  l i g h t ,  X40. 

1 2 : I i l t r a s p i l r ~ t c ~  f rorn Figure 1 3 :  Feldspathic  biomi- 
t he  Rainbow Mountain sequence c r i t e  from t h e  McCallum Creek 
(specimen 9-5-6). Poorly sor ted  sequence (specimen 8-2-17). 
i n t r a c l a s t s  (i) a r e  cemented by Dominantly f o s s i l  fragments 
spar ry  c a l c i t e .  Crossed n i co l s  , ( f )  and o the r  c l a s t i c  g ra ins  
X40. (p lag ioc lase  (E )  and s i l t s t o n e  

( s ) )  a r e  embedded i n  microcry- 
s t a l l i n e  ooze (f ine-grained,  
dark)  . Pla in  l i g h t ,  X40. 



Figure 14 : T y p ~ c a l  s t r a t i f  l e d  
s i l t s t o n e  and l i t h i c  sandstone 
( "graywacke") from McCallum 
Creek sequence (specimen 8-2-15). 
VoLcanic rock fragments (v )  pre- 
dominate over p lag ioc lase  ( f )  i n  
poorly so r t ed  sandstone layers .  
P la in  l i g h t ,  X 4 0 .  

F i g u r e  15 : E'eldsda t h l c  sand- 
s tone ("graywacke" ) from Rain- 
bow Mountain sequence (specimen 
6-21-18). Poorly sor ted  sub- 
angular ( subhedral)  p lag ioc lase  
( f ) ,  qua r t z  (q)  and sub rounded 
volcanic  rock fragments ( v )  a r e  
volcanic  de r iva t ives .  Crossed 
n i c o l s ,  X 4 0 .  

Figure 16: A common t r a n s r t i o n a l  
(limestone-volcanic "graywacke") 
sandstone from t h e  Rainbow Moun- 
t a i n  sequence (specimen 6-8-26-2). 
Volcanic rock fragments ( v ) ,  lime- 
s tone  fragments, p lag ioc lase  and 
quar tz  dominate t h e  assemblage. 
P la in  l i g h t ,  X40.  

Figure 17 : A s  Figure 16;  
p lag ioc lase  ( f) , limestone 
fragments (c) and quar tz  (q)  
a r e  indicated.  Crossed n i c o l s ,  
X 4 0 .  



P l g u r e 1 8 :  D a c i t c ? c r y s t & l l  ~ u t l r  F lgure  19 :  Andesine 1 1 ~ l ? l c ~  

from t h e  Rainbow Mountain se -  t u f f  from McCallum Creek se- 
quence (specimen 5-31-2) . Eu- quence (specimen 8-4-7) .  F l a t -  
h e d r a l  q u a r t z  ( q )  and andes ine  t ened  amygdaloidal  a n d e s i t e s  
( f )  a r e  embedded i n  a  f i n e  c h l o r -  ( v )  occur  w i t h  andes ine  ( f )  
i t e - r i c h  a s h  mat r ix  d i s p l a y i n g  i n  g l a s s - r i c h  mat r ix  ( g )  . 
flow s t r u c t u r e .  Crossed n i c o l s ,  P l a i n  l i g h t ,  X40. 
X40. 

k ' ~ i / u r e  20 : Typical  amygdalo ~ c l , ~ l  
( a )  p o r p h y r i t i c  a n d e s i t e  flow 
rock from Rainbow Mountain s e -  
quence (specimen 8-14-1). Note 
magnet i te  i n c l u s i o n  p a t t e r n s  i n  
zoned p l a g i o c l a s e  . P l a i n  l i g h t ,  
X 4 0 .  

F igure  21:  Typ ica l  p o r p h y r i t i c  
a n d e s i t e  from " s i l l "  i n  Rainbow 
Mountain sequence (specimen 8- 
8-1) . I n c l u s i o n - r i c h  andes ine  
( f )  and minor hornblende (h) 
phenocrys ts  a r e  h i g h l y  a l t e r e d .  
P l a i n  l i g h t ,  X40. 



E'syure 2 2  : S c r p e n t i n i z e d  e n s t a -  
t i t e  ( e ) ,  o l i v i n e  (0 )  p e r i d o t i t e  
from d i k e  i n  s e r p e n t i n i t e  com- 
p l e x  (specimen 6-22-10). Serpen- 
t i n e  minera l s  ( a n t  i g o r i t e  and 
c h r y s o t i l e )  Is) a r e  p roduc t s  from 
p r i m a r i l y  o l i v i n e  a l t e r a t i o n .  
P l a i n  l i g h t ,  X40. 

k ' ~ y  u r e  2 3  : Typlcal L c x L u r c  
and mineralogy of  hornblende 
g r a n o d i o r i t e  from p l u t o n  
(specimen 7-26-12). Sauss- 
u r i t i z e d  p l a g i o c l a s e  ( f )  and 
c h l o r i t i z e d  ( c )  hornblende ( h )  
occur  w i t h  i n t e r s t i t i a l  q u a r t z  
and potassium f e l d s p a r .  P l a i n  
l i g h t ,  X40. 

F igure  24: Typ ica l  c o a r s e  g r a i n  
v a r i a t i o n  of  q u a r t z  d i o r i t e  
(Canwell phase)  (specimen SCF 8-1). 
Mode and t e x t u r e  o f  q u a r t z  ( q )  
and a l t e r e d  p l a g i o c l a s e  ( f )  and 
hornblende ( h )  appear  s i m i l a r  t o  
t h o s e  re l ic t  i n  t h e  g n e i s s  
(F ig .  2 5 ) .  P l a i n  l i g h t ,  X40. 

F igure  25 :  Typ lca l  q u a r t z  
d i o r i t e  g n e i s s  (specimen GDNS) . 
F o l i a t i o n  i s  weakly d e f i n e d  by 
e l o n g a t e  p l a g i o c l a s e  ( f )  and 
amoeboid q u a r t z .  I n t e n s e  
weather ing  and a l t e r a t i o n  of 
p l a g i o c l a s e  is   common^ P l a i n  
l i g h t ,  X40. 



Future study 

The need f o r  fu r the r  ca re fu l  b ios t r a t ig raph ic  study of t h i s  a r ea  

is  apparent. Only a few f o s s i l i f e r o u s  horizons have been co l lec ted ,  

and it is on t h i s  bas i s  t h a t  much of the sec t ion  i n  the Rainbow 

Mountain a r ea  f a  3tentat lvely dated, Further co l l ec t ing  from the  

McCallum Creek sequence a s  wel l  a s  study of t he  s t r a t i g raphy  a r e  a l s o  

required. 

Most limestone beds wi th in  these u n i t s  a r e  f o s s l l i f e r o u ~  t o  some 

degree and, although the recovery of f o s s i l s  is d i f f i c u l t  from e i l i c i -  

f l e d  zones, these l aye r s  should be examined i n  g r e a t e r  d e t a i l ,  



Figure 2 6 :  Laminated t o  t h i n l y  bedded, 
"maroon" ( d a r k ) ,  s i l t y  l imestone underlying 
massive "graywacke" conglomerate;  u n i t  f 
of  Rainbow Mountain sequence. 

Figure 2 7 :  Highly f o s s i l i f e r o u s  c l a s t l c  
l imestone of Rainbow Mountain sequence 
showing t y p i c a l  weather ing and t h i c k  
bedded c h a r a c t e r .  

F igure  2 8 :  Upper i n t r u s i o n  contac t  of xeno- 
l i t h - r i c h  p o r p h y r i t i c  a n d e s i t e  " s i l l "  ( r i gh t )  
i n t o  "graywacke" s i l t s t ones - sands tones  of 
Rainbow Mountain sequence. 

Figure 29 : Massive "graywacke " pebble- 
cobble  conglomerate of  t h e  Rainbow Mountain 
sequence near  western margin o f  g l a c i e r  
( s e c t o r  B-3(WC)). 



In  t h i s  discussion cont inual  reference i s  made t o  the s t r u c t u r e  

map, p l a t e  4 (a foldout  a t  the end of t h i s  chapter) and s t r u c t u r e  

sec t ions ,  p l a t e  2 ( i n  pocket). 

Folding 

Pre-Miss i s s  ipp ian metamorphic rocks 

Units of the Pre-Mississippian metamorphic rocks show a v a r i e t y  of 

megascopic and microscopic s t ruc tu re s .  The microscopic f ea tu re s  have 

been previously discussed i n  conjunction with the petrology of the 

un i t .  

Tlle Pre-Mississ ipp~an metamorphic rocks a r e  found i n  three f a u l t  

blocks i n  the  northwestern p a r t  of the a rea ,  These blocks a r e  

separated by two major v e r t i c a l  f a u l t s  (T and U) ,  both of which have 

been ac t ive  i n  post-metamophic times (see p l a t e  4). The southernmost 

f a u l t  block of the  three  blocks d isp lays  s t ruc tu re s  which a r e  s l i g h t l y  

d i f f e r e n t  from those of the two northern blocks. 

Northern f a u l t  blocks 

Deformation of the rocks i n  the northern f a u l t  blocks has been 

more intense,  Folds a r e  i s o c l i n a l  t o  sub-isocl inal  and a r e  upr ight  t o  

a l i g h t l y  overturned t o  the north,  Fold axes trend approximately 

289 degrees ( subpara l le l  t o  the general trend of t h i s  segment of the 

Alaaka J3ar.g~). Fold axes plunge s teeply  (30' t o  70') toward the 

nouthwest t o  northwest, 



Folded s l  (bedding) and subpara l le l  f o l i a t i o n  s2 a r e  cu t  a t  the  

hinges of the fo lds  by an a x i a l  plane f o l i a t i o n  (s3),, Minor fold8 

(and corresponding f o l i a t i o n  sg)  a r e  wel l  developed on the limbs of 

the major folds .  

A de ta i l ed  examination of the geometry and s i z e  of the major 

metamorphic s t r u c t u r e s  of these rocks a s  wel l  a s  those of the southern 

f a u l t  block was not attempted l a rge ly  because of the l imited exposures. 

Several major fo lds ,  however, a r e  believed t o  occur i n  the one-quarter 

mile wide outcrop be l t .  

A t  severa l  l o c a l i t i e s  nurth t o  nor theas t  trending l i n e a t i o n  was 

noted. 

Southern f a u l t  blocks 

Rock u n i t s  of the southern f a u l t  blocks a r e  more va r i ab l e  i n  

s t ruc tu re .  Folds a r e  general ly  open t o  subisoc l ina l  and a r e  upright .  

They trend approximately due north and plunge i n  t h i s  d i r e c t i o n  (30' o r  

l e s s ) .  

Compositional layering (s l )  and subpara l le l  f o l i a t i o n  (a2) s t r i k e  

from 315 t o  30 degrees. These surfaces have been folded, and 

l a c a l l y  a x i a l  plane f o l i a t i o n  s j  i s  developed where shear  fo ld  d is loca-  

t i o n s  have formed an inc ip i en t  a x i a l  plane sch i s to s i ty .  Sg t y p i c a l l y  

t r ansec t s  s and sg, 2 

Metamorphic rocks of the Gulkana Glacier  a r ea  

Schis t s ,  gneisses  and magmatites crop out  i n  the upper bas in  of 

Gulkana Glacier  ( t o  the e a s t )  (D, M, Ragan, personal  c o m n i c a t i o n )  . 
There i s  no l i t h o l o g i c  s i m i l a r i t y  between these rocks and those of the  



pre-Missigsippian u n i t  of the map a rea  and the structural*relationships 

between them a r e  not  known. Folds of the gneisses  trend 270 degrees 

and show very l i t t l e  plunge. A prominent l i n e a t i o n  p a r a l l e l s  the trend 

of fo ld  axes, 

Carboniferous sequences 

The folding i n  the McCallum Creek and Rainbow Mountain sequence is 

s imi l a r  i n  general  s t y l e  and o r i en t a t ion  but d i f f e r s  s l i g h t l y  i n  c e r t a i n  

de t a i l ed  aspects.  Both u n i t s  cons i s t  of a s e r i e s  of dominantly north- 

west trending subisoc l ina l  t o  open a n t i c l i n e s  and syncl ines  (see p l a t e s  

2 and 4).  Folds i n  the McCallum Creek sequence, however, a r e  t y p i c a l l y  

more t i g h t l y  appressed and more numerous than a r e  those i n  the Rainbow 

Mountain sequence t o  the northwest. Subisocl inal  fo lds  a r e  conxnon i n  

the McCallum Creek sequence. These a r e  general ly  overturned t o  t h e  

southwest (pl.  2 and f ig .  33). 

D e t a i l s  of the McCallum Creek sequence --- 
The McCallum Creek sequence, exposed i n  the southern p a r t  of the 

a rea ,  cons i s t s  s t r u c t u r a l l y  of f i v e  major subpara l le l  fo lds  which trend 

310 degrees northwest. The t r a c e s  of the a x i a l  planes a r e  shown on 

p l a t e  4. These fo lds  cons t i t u t e  a synclinorium i n  which the c e n t r a l  

fo ld  (syncl ine 111) i s  flanked to the nor theas t  and southwest by 

byncl ine-ant icl ine p a i r s  (1-11 and IV-V). Only syncl ine I11 can be 

krsced across  the a rea ;  the smaller  fo lds  on the qlanks of t h i s  syncl ine 

rare discontinuous, The f lanking fo lds  a r e  symmetrical and open as 

exposed along McCallum Creek, Tracing northwest each p a i r  becomes a 

monocline before the f lexure  dieu out completely (p1, '2) ,  Along severa l  



segments, syncl ine-ant icl ine I and I1 a r e  subisoc l ina l  and s l i g h t l y  

overturned t o  the southwest. Axial planes of ,111 fo lds  a r e  commonly 

v e r t i c a l  t o  incl ined 70 degrees t o  the north. 

Traced from southeast  t o  northwest, syncl ine I11 v a r i e s  from a 

symmetrical subisoc l ina l  t o  s l i g h t l y  asymmetric r e l a t i v e l y  open fold.  

Although not examined i n  d e t a i l ,  s l i g h t  culminations and depras- 

s ions  of severa l  of these fo lds  a r e  apparent,  I n  general  plunges t o  

the southeast  ( l e s s  than 35') a r e  common, and plunges t o  the nortttwest 

a r e  l e s s  common and do not exceed 10 degrees. 

De ta i l s  of the Rainbow Mountain sequence 

A number of major fo lds  occur i n  the Rainbow Mountain sequence, 

but none can be cor re la ted  across  severa l  high angle f a u l t s  which 

cu t  the  u n i t  i n t o  three  p r inc ip l e  blocks. These blocks a r e  re fer red  

t o  as :  (1) the south, (2 )  the north,  and (3) the northwest blocks, 

and a r e  separated by f a u l t  s e t s  D-E-F, and M-W, respec t ive ly  (p l ,  4 ) .  

The south f a u l t  block --Rocks i n  the lower p l a t e  of t h r u s t  ----* 

f a u l t  D-F a r e  the most in tense ly  deformed p a r t  of the un i t .  Here two 

small a n t i c l i n e s  (one-quarter mile a p a r t )  with an inrewening  syncl iae  

can be t raced across  the a r ea  from sec to r  B-2(NC) toward the  northwest 

(shown on p l a t e  4--no symbol). These fo lds  a r e  open and upr ight  t o  

s l i g h t l y  overturned with a x i a l  planes dipping aorthward (70'). On t he  

limbs of these fo lds ,  severa l  small ,  sharply c res ted  f o l d s  a r e  

developed ( f i g ,  $8). A l l  of these fo lds  d i e  out along the s t r i k e .  The 

geometry of the northernmost a n t i c l i n e  i n  the v i c i n i t y  of f a u l t  I 

suggests superimposed drag folding,  



The no r th  f a u l t  block --The rocks above t h r u s t  f a u l t  D-E a r e  ----* 

monoclinal along much of the  c e n t r a l  Rainbow Aidge area.  These south- 

west dipping beds appear t o  be t h e  eaat  Limb of a major sync l ine  (VT), 

t h e  trough of which is covered along the  lower western ELank a£ tihe 

c e n t r a l  r i dge  a rea ,  

I n  t he  no r the rn  Rainbow Ridge a r e a  the  trough ka exposed i n  anace 

from s e c t o r  C - 4 c C )  Co P-5(SE>, The aync12w he re  is  open and synrmetlri- 

aal ,  FurLher no r th  the  f o l d  becomes asynnnetric (axial  plane d i p p  irig 

as low as 60' west) and plunge s teepens  from 5 t o  45 ckgrees 

(320' t o  315' d i r e c t i o n ) ,  Correspondingly, the  syncline broadens, u n t i l  

a t  the nor thern  l i m i t  of tha t r a c e ,  s e c t o r  D-5(SE), tb f o l d  is  aLL but  

crsmpletely f l a t t e n e d  (f Zg,. 4Q). 

Fig. 40,--Geometry o f  n ~ j o r  fo ld  of Rainbow Mountain sequcnca, 
i n  nor thern  f a u l t  block, 



Thc c a s t c r n  limb of the s y ~ ~ c l i l l c  ( t l lc  inoriocli~le i n  p a r t )  conta i r i s  

numerous minor f o l d s  s u b p a r a l l e l  t o  s y i ~ c l i n c  V I  (320') and i s  d iscon-  

t inuous.  I11c most promillent examples a r e  loca ted  nea r  t h e  h i g h  peak 

o l  Rainbow hlountain ( s e c t o r  C-4(SE)). 

Tlie nor thwest  f a u l t  block.--The s t r u c t u r e  of the  nor thwes te rn  - 
f a u l t  block (bounded by f a u l t s  W and X) c o n t r a s t s  somewhat w i t h  t h e  

s t y l e  d i sp layed  i n  t h e  o t h e r  two f a u l t  blocks.  

No major f o l d  i s  be l i eved  t o  be p r e s e n t  (see  p l a t e  2). I n s t e a d  

t h e  t h i c k  success ion  of u n i t s  forms a dominantly h igh  ang le  s u b p a r a l l e l  

t r e n d i n g  s t r u c t u r e  which v a r i e s  only  111 d i p  i n  t h e  fo l lowing  manner, 

Along t h e  sou the rn  margins of t h e  f a u l t  b lock i n  t h e  mapped a r e a  t h e  

u n i t s  a r e  u p r i g h t ,  s t r i k e  270 degrees  and d i p  35 degrees  n o r t h  ( s e c t o r  

I ) - 4 ( S E ) ) .  Northward, t h e  d i p  s t e e p e n s  t o  90 degrees  and s t r i k e  swings 

t o  315 degrees .  S t i l l  f u r t h e r  n o r t h ,  t h e  u n i t s  a r e  over turned ( d i p s  

44' southwest) .  ll-ie on ly  compl icat ion of t h i s  g e n e r a l  s t r u c t u r e  occurs  

i n  s e c t o r  D-4(SE), where s e v e r a l  smal l  sha rp  c r e s t e d  f o l d s  a r e  developed-- 

an a n t i c l i n e  and sync l ine .  

F a u l t  ing 

l'he major f a u l t s  which *cr,oss cut: t h e  map a r e a  are shown i n  p l a t e  

4 ,  s t r u c t u r e  map. The c h a r a c t e r i s t i c s  of t h e s e  a r e  summarized in 

t a b l e  3. 

The r e l a t i o n s h i p s  of i n d i v i d u a l  f a u l t s  wi th :  (1)  o t h e r  f a u l t i n g ,  

(2)  f o l d i n g  , (3) p l u t o n i c  i n t r u s i o n ,  and (4)  hypilbyssal i n t r u s i o n ,  

i.ndic.ate that: tlic f a u l t s  of t h e  a r e a  a r e  groupccl i n t o  systems which 



g; 
CJ t-i 
L) u 
(d UY 

l-i 

i m 



C l a s s i f i c a t i o n  Symbol 

H 

J 
Near v e r t i c a l ,  
d i p  separa t ion  
f a u l t s  ( s l i p  K 
fzaits? j 

Approximate A t t i t ude  
S t r i ke .  Dip Separat ion o r  S l i p  

328', v e r t i c a l  (t) d i p  separa t ion  20'-50', 
nor th  block down 

306'~ v e r t i c a l  (f) d i p  separa t ion  300'- 
400', no r th  block down 

30Z0, v e r t i c a l  @) d ip  s epa ra t i on  unknown 
nor th  block down (?)  

298O, v e r t i c a l  @) d i p  separa t ion  
(grea te r  than 400') 
probably, no r th  block 
down 

345O, v e r t i c a l  a separa t ion  unknown 
(less than l o o ' ? ) ,  
south block down (?)  

Remarks 

minor s t r i k e  s l i p  poss ib le  

only minor s t r i k e  s l i p  poss ib le  

major s t r i k e  s l i p  highly 
un l ike ly  

dominantly v e r t i c a l  bu t  may 
poss ib ly  have moderate s t r i k e  
s epa ra t i on  

evidence weak f o r  d i p  s l i p  

M 345O 2, 70%100 W. v e r t i c a l  separa t ion  major s t r i k e  separa t ion  poss ib le  
unknown bu t  no t  l i k e l y .  Dip separa t ion  

only apparent 
Xormal s epa ra t i on  
f a u l t s  ( s l i p  M 29g0, v e r t i c a l  t o  
f a u l t s ? )  80' S, d i p  separa t ion  100'Cf;) only minor s t r i k e  s l i p  poss ib le  

0 65O, 65O W. d i p  s l i p  25' a minor s t r i k e  s l i p  is noted 
( < 5 ' )  
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demonstrate r e l a t i v e  age and t e c t o n i c  s e t t i n g ,  The sequence of t e c t o n i c  

events  i n  r e l a t i o n  t o  o the r  geologic  events  i s  ou t l i ned  i n  t h e  

fol lowing chapter  (Geologic h i s t o r y ) .  

Thrust  f a u l t s  

The e a r l i e s t  recognized Mesozoic (?) development c o n s i s t s  of those  

f a u l t s  t h a t  a r e  a s soc i a t ed  wi th  t h e  major cyc l e  of fo ld ing ,  These 
\ , 

f a u l t s  (A, B, C ,  D, E, and F) a r e  t h r u s t  d i p  (?)  f a u l t s ,  

A, B, and C a r e  f a u l t s  of minor displacement ( l e s s  than  300 f t  

t h r u s t  s l i p ) .  Each is  a s soc i a t ed  wi th  the  lower limb of a s u b i s o c l i n a l  

t o  i s o c l i n a l  f o l d  ove r th rus t  t o  t h e  southwest and can be r e l a t e d  t o  an 

a n t i c l i n e  which has been overturned t o  t h e  southwest (see p l a t e  2). 

Thrust  f a u l t s  E and F j o i n  t o  form t h r u s t  D t o  t he  west. Over- 

t h r u s t i n g  of t h i s  ue t  i s  probably toward t h e  southwest w i th  a combined 

sepa-cation of most l i k e l y  more than 7400 f e e t .  

High angle  f a u l t s  

High angle  f a u l t s  can be subdivided i n t o  t h r e e  groups based on 

o r i e n t a t i o n  and r e l a t i v e  movement. These a re :  (1) d i p  s l i p  (?)  

f a u l t s  of northwest  a t r i k e ,  (2)  s t r i k e  s l i p  ( 1 )  f a u l t s  of  dominantly 

0 t o  25 degrees s t r i k e ,  and (3) others .  

D& s l i p  Q) f a u l t s  of porthwest: s t r i k e  - 
%is group, c o n s i s t i n g  of dominantly d i p  s l i p  f a u l t s ,  s t r i k e s  

between 290 degrees  and 320 degrees,  Included i n  t h i s  group a r e  f a u l t a  

G, H, I, J, N,  and probably Y and 2, Most of these  fau?. ts  a r e  n e a r l y  

v e r t i c a l ,  F a u l t s  H, I, J, and K belong t o  an en 6chelon ,group wi th  the  



r lor t l lcr~l  b locks  01 each downthrown, F a u l t s  G and Y a r e  post-grano- 

d i o r i t c  i n t r u s i o n  i n  agc and probably rcpreserl t  onc con t i r~uous  f a u l t  

( ~ n o s t l y  covcrcd),  A l l  f a u l t s  i n  tllis s e t  c u t  f o l d s  of the  e a r l i e r  

deformation.  This f a u l t  system i s  f u r t h e r  c u t  o r  in t ruded  by: (1) 

most hypabyssal  u n i t s  inc lud ing  a t  l e a s t  t h e  d iabase  d i k e  swarm and 

t h e  p o r p h y r i t i c  d a c i t e  l e n s e s  and (2)  t h e  high angle  f a u l t s  of t h e  

system s t r i k i n g  0 t o  25 degrees .  

S t r i k e  s l i p  (2) f a u l t s  

Zlie h igh  angle  (near  v e r t i c a 1 ) f a u l t s  of t rend 0 t o  25 degrees  

d i s p l a y  a  prominent l a t e r a l  component of displacement and a r e  be l i eved  

t o  be p r i m a r i l y  s t r i k e  s l i p  f a u l t s .  The s i m i l a r i t y  of t r end  and s t r i k e  

movement on t h e s e  f a u l t s  (P,  Q, K, and S) sugges t s  a  s i n g l e  pe r iod  of 

movement. F a u l t s  R and S a r e  probably segments of t h e  same f a u l t .  

Both l e f t  and r i g h t  l a t e r a l  s l i p  (?)  f a u l t s  a r e  represen ted  i n  

t h i s  systern. These f a u l t s  o f f s e t  f o l d s  and f a u l t s  of t h e  nor thwest  

t r end ing  systems desc r ibed  p rev iaus ly  and a l s o  o f f s e t  d i k e s  of t h e  

d  i abase  swarm. 

Others 

F a u l t  T may belong t o  t h e  s t r i k e  s l i p  system (above) s i n c e  it 

t r u n c a t e s  d i k e s  and s e v e r a l  major f a u l t s  of a nor th -nor t l~wes t  s t r i k e  

(M, W ,  and probably L and X) and a l s o  s u b p a r a l l e l  f a u l t s  P-S, 

Furthermore,  f a u l t  T is  probably o l d e r  than system P-S s i n c e  T is 

t runca ted  by f a u l t  V which is a l s o  c u t  by U which i s  s i m i l a r l y  offset: 

by f a u l t  R. Each of these  could bc p r i m a r i l y  s t r i k e  s l i p  but  only  s l i p  

of P-S is  known. 



Several o ther  f a u l t s  (M, W, L, and X) do not  r ead i ly  r e l a t e  t o  the 

systems described above s ince  the displacement i s  not known, These 

f a u l t s  occur i n  p a i r s  M-W and L-X, both of which a r e  subpa ra l l e l  i n  

s t r i k e  (approximately 345'). Only the f a u l t  planes of M and L a r e  

exposed, They a r e  high angle with a suggestion of v e r t i c a l  separati.on. 

The s t r u c t u r a l  d i scont inui ty  across  f a u l t  W suggests a major d isp lace-  

ment f o r  t h i s  f a u l t ,  The exis tence of f a u l t  W has  not been conclusively 

indicated , 

Fau l t s  M and probably X a r e  truncated by f a u l t  T which da t e s  t h i s  

p a i r  a s  pre-faul t ing (P, Q, R, and S), The r e l a t ionsh ip  of f a u l t s  

M and X t o  the  dike swarm is  not  c l e a r  although the  cont inui ty  of d ikes  

across  the f a u l t s  appears r e a l ,  I f  t h i s  r e l a t i onsh ip  is true, then 

f a u l t s  M and W and perhaps L and X c o r r e l a t e  with the d i p  s l i p  (?)  

f a u l t s  of the northwest trend (H, I, J,  etc.) .  Fau l t s  M-W and L-X 

may a l s o  represent  a separate  system. 

Many f a u l t s  of r e l a t i v e l y  small displacement ( L e e ,  lesu  than 

50 f t )  occur i n  the area. These can usua l ly  be r e l a t ed  t o  one of the  

major f a u l t  systems described above i n  terms of s tg ike  and/or s l i p .  

Only a few of these a r e  shown on the geologic map, One ( f a u l t  0) i s  

shown on the s t r u c t u r e  map. The f a u l t  zone and f a u l t  drag fo ld  aspec ts  

of t h i s  f a u l t  i n  outcrop are typ ica l  of those of m o s t  minor f a u l t s  

( f i g .  37). 

The Denali  f a u l t  

The Denali  f a u l t  r ~ n d e r l i e s  the prominent lineament defined by 

Canwell Glacier  along the northern margin of the map area. No observat ions 



were made t h a t  would d i r e c t l y  i n d i c a t e  t h e  d i r e c t i o n  o r  magnitude of 

movement of t h i s  f a u l t .  

The sequence of f a u l t  movements of t h e  Rainbow Mountain a r e a ,  

however, suggest  t h a t  a s i m i l a r  h i s t o r y  of movement may r e l a t e  t o  t h e  

g e n e s i s  of t h e  Denal i  f a u l t .  Iko  s e q u e n t i a l  even t s  a r e  suggested: 

1. The Denal i  f a u l t  s u b p a r a l l e l s  t h e  northwest d i p  s l i p  (?) 

f a u l t  system. This suggests  t h a t  t h e r e  may have been s i m i l a r  movement 

(dip  s l i p )  on t h e  Denal i  when these  smal le r  f a u l t s  were a c t i v e .  

2. L a t e r a l  s l i p  f a u l t i n g  recognized i n  the  Rainbow >fountain a r e a  

may i n d i c a t e  l a t e r a l  s l i p  ( 1 )  on tlie Denal i  f a u l t .  Several  of tlie 

n o r t h  t o  northwest t r end ing  s t r i k e  s l i p  f a u l t s  approximate t h e  p o s i t i o n  

and movement of one of the  p o s s i b l e  second order  wrench f a u l t  systems 

of Moody and H i l l  (1959) which i d e a l l y  develop secondary t o  a primary 

wrench f a u l t  ( t h e  Dena l i  f a u l t  i n  t h i s  case) .  Although r i g h t  l a t e r a l  

movement is  implied, much more work is  requ i red  t o  con£ i r m  t h i s  s i n c e  

t h e r e  a r e  anomalous movements ind ica ted  on some of t h e s e  "secondary" 

f a u l t s .  I n  genera l ,  however, t h e  f a u l t  p a t t e r n s  i n  the  Rainbow 

Mountain a r e a  a r e  n o t  incompatible w i t h  r i g h t  l a t e r a l  s l i p  movement 

p o s t u l a t e d  by many f o r  the  Denal i  f a u l t .  



and major u n i t  c o n t a c t s  
of northwestern p a r t  of 
map a r e a ;  a  view t o  t h e  
w e s t  from s e c t o r  C-5(NW) 
SC=Serpentine complex, 
QDG=Quartz d i o r i t e  gne i s  
PMMR=Pre-Mississippian 
metamorphic rocks.  

F igure  31: Outcrop of  
Pre-Mississ ippian meta- 
morphic rocks i n  canyon 
w a l l  near  highway (sec-  
t o r  D-5 (EC) ) I l n t e r l a y -  
e r ed  p h v l l i t e s  and 
g reensch i s t s  ( g  j* i r e  c u t  
by s e v e r a l  s e r p e n t i n i t e  
d ikes  ( s ) .  

F igure  32:  Crumpled 
p h y l l i t e s  o f  t h e  Pre- 
Miss i ss ipp ian  metamor- 
ph i c  sequence. 



F l q ~ r c  3 3  - S ~ s l s o c l ~ r a i  ~ o i c i l r i g  (over-  
turned to  45*) I n  McCallum Creek sequence, 
(sector B-2(NC & NW)): a view t o  the east .  

Figure 34: ~ ' l lrust  faul t  B i n  McCallum 
Creek sequence (sector B-2(NW)); a 
view to the west. 

Flgure 35: Typical outcrop form of porphyr- Figure 3 6 :  Major slump block and character- 
i t r c  andesite " s i l l s  "; defined by well i s t i c  topography of the Rainbow Mountain se- 
developed joint s e t s .  quence of "northwestern f au l t  block" (west of 

fau l t  W); a view west from sector C-4(SC). 



Figure 38: Sharp s y n c l i n a l  f l e x u r e  i n  
"graywackes " of t h e  Rainbow Mountain 
sequence near  f a u l t  0 (F ig .  3 7 )  . 

_7_ 

a>k: .& ' - *- 

Frgure 3 7 :  Fau l t  0 sepa ra t rng  rocks 
of t h e  Rainbow Mountain sequence (sec-  
t o r  B-2(NW)). The approxlmate v e r t i c a l  
s e p a r a t i o n  is shown. 

Figure 39: Uniformly d ipping  beds of "qray- 
wackes" ( foreground)  and l imestones (h igh  peak) 
a long prominent s t r i k e  r i d g e  of  Rainbow Moun- 
t a i n  sequence a t  headwall  of c i r q u e  i n  s e c t o r  
B-3(SC) . 





MINERALIZATION 

Previously  known depos i t s  

Sul f ide  mineral izat ion i n  the Rainbow Mountain area has been 

known s ince  the a r r i v a l  of the e a r l i e s t  prospectors.  The presence 

of much of t h i s  mineral izat ion i s  evident from the heavy r e s idua l  of 

i ron  oxide s t a i n  which covers large surface a reas  of "Rainbow" 

Mountain. Mining i n t e r e s t s ,  concerned with copper mineral izat ion,  have 

invest igated many of these deposi ts .  

Three d i f f e r e n t  modes of mineral izat ion have previously been 

r e ~ o g n i z e d ~ w i t h i n  the area. These a re :  (1) nickel-copper, associated 

with ultramaf i c  in t rus ions ,  (2)  quartz  ve ins  with copper, lead, s i l v e r  

and gold, and (3) disseminated s u l f i d e s  (ch ief ly  p y r i t e )  i n  

s i l i c i f i e d  volcanics  and sedimentary rocks, 

Nickel and copper mineral izat ion i n  ussoc ia t ion  with u l t ramaf ic  

d ikes  was f i r s t  discovered by Mr. Ro l l i e  Emerick of Del ta  Junction, 

Alaska, wi th in  the Serpent in i ta  complex (sec tor  D-5(EC))  i n  the e a r l y  

1950's. Chalcopyrite-galena bearing quartz  veins  with values i n  gold 

and s i l v e r  have been previously known t o  outcrop i n  tha canyon walls  

( sec tor  Dm5 (EC and SE)). These veina c ross  cu t  pyroc las t ica ,  

" g r a y ~ a c k a s , ~  and 1l.mastones of the Rainbow Mountain eequanca, 

Deposi talof  disseminated p y r i t e  and o ther  s u l f i d e s  of poeaible 

economic importanca occur i n  many araaa of Rainbow Mountain. Soma of 

tho most prominent of these a r e  ahown Ln sac t a ra  Cm4(C), C-4(WC), 

B-3 (SW) , and B-3 (SE) , p l a t e  5. 



Many of t h e  p rev ious ly  known mineral  d e p o s i t s  have been s t u d i e d  

by g e o l o g i s t s  and mining eng ineers  of the  Alaska S t a t e  D i v i s i o n  of 

Mines and Minerals,  and t h e  U. S, Bureau of Mines. This informat ion 

i s  r e a d i l y  a v a i l a b l e  t o  t h e  p u b l i c  from these  agencies .  

Mincral  d e p o s i t s  r e p r e s e n t i n g  s i g n i f i c a n t  d i s c o v e r i e s  made dur ing  

t h i s  i n v e s t i g a t i o n  a r e  discussed i n  t h e  fol lowing s e c t  ion,  

New d Lscoveries - 

These d e p o s i t s  can be subdivided on a  b a s i s  of l i thology-mineralogy 

(genes i s  i n f e r r e d )  i n t o :  (1) q u a r t z  v e i n s ,  (2)  minera l i zed  conglomerate, 

(3) s i l i c i f i e d  d i o r i t e - s e r p e n t i n i z e d  p e r i d o t i t e ,  (4) s i l i c i f i e d  grano- 

d i o r i t e ,  (5) mineral ized greenstone, and (6) dun i te .  The n a t u r e  of 

t h e s e  is  d i scussed  below. 

Quartz v e i n s  

Sulf ide-bear ing q u a r t z  v e i n s  have been discovered a t  13 l o c a l i t i e s ,  

shown on p l a t e  5. The c h a r a c t e r i s t i c s  of t h e s e  a r e  l i s t e d  i n  t a b l e  5. 

The fol lowing assays  f o r  copper, l ead ,  gold and s i l v e r  were run by 

Mr. I. W. Mitche l l ,  Alaska S t a t e ,  Divfs ion  of Mines and Minerals,  on 

specimens c o l l e c t e d  from most of t h e s e  v e i n s  ( t a b l e  6) .  

Most of these  v e i n s  s t r i k e  from 325 t o  360 degrees  wi th  a few 

o r i e n t a t i o n s  i n  o t h e r  d i r e c t  ions.  This s t r i k e  approximates t h a t  of t h e  

v e i n s  discovered e a r l i e r  by o t h e r s  i n  s e c t o r  D-5. The common s t r i k e  

s u b p a r a l l e l s  t h e  major f a u l t - j o i n t  s e t  i n  t h e  a r e a ,  In  a d d i t i o n ,  many 

o t h e r  ba r ren  v e i n s  of u imi la r  a t t i t u d e  c u t  t h e  Rainbow Mountain 

sequence, 



TABLE '5.. --Location, d i s t r i b u t i o n ,  and mineralogy of s u l f i d e  bearing quartz 
veins,  

Local- Location Pr inc ipa l  Ore 
i t y  (sec tor)  minerals Al t i tude  - Remarks 

1 D-5(EC) Chalcopyrite 355O, 45' E. severa l  2"-3" ve ins  i n  small 
galena swarm 

2 D-5 (SE) Chalcopyrite 270°, 6T0 S. 1,S '  replacement zone border- 
ing vein. 

3 D-4(NC) Chalcopyrite i r r e g u l a r ,  t h i n  ( < 6"), discontinuous, 
galena, p y r i t e ,  low-high sca t t e red  mineral izat ion.  
duni te  angle 

4 D-4(WC) Chalcopyrite i r r egu la r ,  small ve ins ,  random or ienta-  
p y r i t e  near  v e r t i -  t i o n ,  a rea  of patchy azur i t e -  

c a l  malachite s t a i n .  

5 C-4 (SW) Chalcopyrite 355' 6" ve ins  with a few smaller 
galena 70'-80' W. i n  subpara l l e l  s e t ,  

6 C-3(EC) Chalcopyrite 330°, 5 5 O  E, a swarm of subpara l l e l  ve ins  
0.2'-1' i n  thickness,  10 i n  
number, minera l iza t ion  i n  
some only, sca t t e red  i n  these  

7 B-3(SW) Chalcopyrite N.-S., swarm i n  d a c i t e  in t rus ives  
p y r i t e  v e r t i c a l  along t h r u s t  1'-8' veins ,  

minera l iza t ion  sca t t e red .  

8 B-3(SW) Chalcopyrite 355O, 83' W. two veins 2 '  i n  thickness,  
galena, p y r i t e  severa l  smaller, t runcated by 

f a u l t  t o  north,  

9 B-3(SW) P y r i t e  326O, v e r t i -  mostly quartz ve ins  ( 2 ' )  with 
chalcopyri te  cal-70's. W. a c a l c i t e  ve in  ( 3 '  t o  6'). 

LO B-2(NC) Chalcopyrite 20°, ve r t .  along f a u l t ,  severa l  small 
galena i r r e g u l a r  ve ins ,sca t tered  min- 

e r a l i z a t i o n  i n  these 

11 B-2(EC) Chalcopyrite var.  343'- a few 0,5'-1' ve ins  near  f a u l t ,  
45O, near patchy mineral izat ion.  
v e r t i c a l  

12 B-3(SE) Chalcopyrite 270°-340°, an area  of sca t t e red  concentra- 
p y r i t e ,  galena ve:rt  i c a l  t ions  of small veins. 

13 B-3(SE) Chalcopyrite 60°, 40' S, Several 6" and many smaller  ir- 
p y r i t e  regular  veins. Scat tered 

chalcopyri te  and galena, 



TABLE 6.--Assays of san~ples  from quartz  veins .  

Percentage of Ounces per  Ton 

Local i ty  Copper Lead Gold S i l v e r  

2.0 - 2.1 

0.4 - 0.5 

0.4 - 0.5 

Not analyzed 

0.3 

0.5 - 0.6 

2.5 - 2.6 

0.4 - 0.5 

Trace 

Trace 

Trace 

0.02 

Trace 

Trace 

Trace 

Trace 

2.4 

Trace 

N i l  

1,40 

Trace 

Trace 

1.4 

N i l  

South of f a u l t  J ( i n  the  McCallum Creek sequence) no mineral ized 

ve ins  have been found nor  a r e  barren quar tz  ve ins  common, Immediately 

nor th  of t h i s  f a u l t  and i n  most a r eas  under la in  by the  Rainbow Mountain 

sequence, ve ins  (many mineral ized)  a r e  common. The concent ra t ion  of 

quartz  ve ins  near  the  t h r u s t  s e t  D ,  E ,  F, and a similar r e l a t i o n s h i p  

of ve ins  t o  major f a u l t  W suggests  t h a t  these  f a u l t s  may r ep re sen t  

t he  p r i n c i p l e  avenues of mineral iz ing so lu t ions .  It i s  poss ib le  a l s o  

t h a t  f a u l t s  D and W a r e  segments of the same f a u l t ,  

Brecciated carbonate ve ins  of s imi l a r  o r i e n t a t i o n  and mineral iza-  

t i o n  have been noted by R. B. Forbes i n  s e c t o r s  B-4, C-5, and D-5,  

Carbonate ve ins  a l s o  occur a t  widely sca t t e r ed  l o c a l i t i e s  along 

Rainbow Ridge proper. Some of these  have been found i n  a s soc i a t ion  

with quartz  veins .  



Assays illtli-catc t h a t  f r e c  gold i.s contained i n  most v e i n s  

a l t l i ~ ~ ~ g t l  it: was 110t de tec ted  t~~cgascop ica l ly ,  

file f ollowirlg sumnmary c i t e s  the  d i scove r i e s  and economic obse,ma- 

t i o n s  made by R. B. Forbes and I). PI, Kagari dur ing  reconnaissance of the 

Rainbow Mountain a r ea  i.11 the v i c i n i t y  of Canwell C lac i e r  dur ing  p a r t s  

of the  1962 and 1963 f i e l d  seasons. Severa l  d i f f e r e n t  a s s o c i a t i o n s  of 

mine ra l i za t ion  were recognized, 

Mineralized conglomerate 

One occurrence of mineral ized gfaywacke-type conglomerate was 

discovered near  the base of an abrupt  canyon i n  s e c t o r  13-5(SE) ( see  

p l a t e  5 ) .  This rock type of t he  Rainbow Mountain sequence is  exposed 

along seve ra l  hundred yards of t h i s  canyon; however, mine ra l i za t ion  i a  

l i i n i t e d  t o  a s ~ r ~ a l l  boGy a few hundred square f e e t  i.n a rea ,  P y r i t e  and 

minor cha lcopyr i te  are the  important su l f ides ,  !I%e t y p i c a l  ax ida t ion  

s t a i n  from the  weathering of p y r i t e  def i nes  t hese  mineral ized bodies,  

An assay of the  mineral ized conglomerate showed gold (0,12 ounces p e r  

ton)  and no s i l v e r ,  

S i l i c i f i e d  d i o r i t e  cu t  by ul t ramaf i c  d ikes  

'Two nickel-copper depos i t s  (discovered by R. B. Forbes i n  1962) 

occur along a  northwest t rending f a u l t  con t ro l l ed  draw, one-quarter 

mile  south of Canwell Glac ie r  ( s e c t o r  C-5(C) ,  p l ,  5). In  the  l a r g e s t  

showing, n i cke l i f e rous  p y r r h o t i t e  and perhaps o t h e r  complex n i c k e l  



s u l f i d e  mine ra l i za t ion  occurs  i n  and i s  a s soc i a t ed  wi th  a network of 

se rpent in ized  p e r i d o t i t e  dikes.  These c u t  s i l i c i f i e d  d i o r i t e  i n  a 

shea r  zone which is l a r g e l y  covered but  can be roughly def ined  by a 

mineral ized zone measuring approximately 25 f e e t  long and a maximum o f  

t h ree  f e e t  wide. 

The second occurrence c o n s i s t s  of l enses  of p y r r h o t i t e  which a r e  

exposed i n  a small a r e a  50 f e e t  southwest of the  l a r g e s t  showing. 

The percentage of s u l f i d e  i n  each showing v a r i e s  from approximately 20 

p e r  c e n t  t o  g r e a t e r  than  50 per  c e n t ;  t hese  s u l f i d e s  a r e  disseminated 

i n  massive aggrega tes  c l o s e l y  a s soc i a t ed  wi th  quar tz ,  The fol lowing 

assays  by M r .  I. W. Mitchel l ,  Alaska S t a t e ,  Div is ion  of Mines and 

Minerals,  were run on samples from these  showings: 

Percentage of Ounces/ Ton 

Location Copper N icke 1 

6.0 1.1 
nor theas t  occurrence 1.9 1 e 5 

2.0 1.2 

southwest occurrence 1.1 6.6 

Gold 

0.4 
Trace 
Trace 

S i l i c i f i e d  g ranod io r i t e  

P y r i t e  and minor a r senopyr i t e  bearing,  s i l i c i f i e d  g ranod io r i t e  

occurs  i n  i s o l a t e d  zones i n  the g ranod io r i t e  p lu ton  ( sec to r  B-4(EC)) 

(p1,  5). These zones a r e  marked by i r o n  oxide s t a i n  der ived  from the  

weathering of p y r i t e .  Assays of t he  s u l f i d e  bearing g r a n o d i o r i t e  from 

t h i s  l o c a t i o n  showed a t r a c e  of gold. 



This occurrence and ot l icrs  of d i s s e ~ r ~ i n a t e d  p y r i t e  arid i n  one 

ins tance  ck~a lcopyr i t c  in  g ranod io r i t e  ( s e c t o r  8-3 (EC) )  i n d i c a t e  t h a t  

s u l f i d c  d e p o s i t s  may be assoc ia ted  wi t11  the  gra t lod ior i te  i n t rus ion .  

Chalcopyri te  and p y r i t e  bear ing  greens  tone, i f  loat:) 

c;rcellstone f l o a t  contairiirlg cha l copyr i t e  and p y r i t e  i s  common i n  

the  rnedial arid east: 1att:ral nloraillcs of the  glaci-er  loca ted  in  sectror 

A - 4 ( 1 7 C ) ,  An u~ l succes s fu l  a t t e r y t  t o  l o c a t e  the  source of t h i s  f l o a t  

was iiadc i n  the  spr ing  of 1963. The source i s  bel ieved t o  l i e  nea r  t h e  

:;ranolliorite-greenstone con tac t  a t  the  head of t he  c i rque  i n  t he  a r e a  

of s e c t o r  A-3(NC and NW). 

Dunite 

A budy of dun i t e  c rops  out  i n  a  one-half mi le  wide l i n e a r  p a t t e r n  

near  and p a r a l l e l  t o  the Canwell G lac i e r  ( s e c t o r s  13-4, 13-5, and C-5 

( s c e  geologic  map, p l .  1 ) .  This  mass is  only s l i g h t l y  s e rpen t in i zed ,  

Near the nortl iern margin, however, small  v e i n l e t s  of c r o s s  f i b e r  

c h r y s o t i l e  a r e  common. No commercial occurrence of a sbes tos  has  been 

found. The d u n i t e  conta ins  a t r a c e  of chromite. Samples submitted 

f u r  chpmical and spec t roscopic  a n a l y s i s  by Bruce Tllomns of the  U. S. 

Burcau a£ Mines, showcd t r a c e s  of n i c k e l  and c o b a l t ,  

A small  bas i c  igneous body (d ior i te -gabbro?)  crops o u t  a long t h e '  

no r the rn  margin of the  dun i t e ,  Much of t h i s  b a s i c  i n t r u s i o n  i s  covered, 

and i t s  r e l a t i o n s h i p s  will1 the  dun i t c  a r e  no t  c l e a r .  It con ta ins  

disseminated p y r r h o t i t c  a t  s e v e r a l  l o c a l i t i e s  and deserves f u r t h e r  

i nves t iga t ion ,  



Summary a& recommendations 

Mineralized qua r t z  ve ins  a r e  found along Rainbow Mountain ( i n  t he  

Rainbow Mountain sequence) f o r  a  d i s t a n c e  of 7 mi les  south of t h e  a r e a  

i n  which s i m i l a r  mine ra l i za t ion  has been previous ly  recorded, Many 

of these  a r eas ,  such a s  those  near  f a u l t s  D-E-F, W and Y,  m e r i t  

f u r t h e r  examination. 

The occurrence of disseminated p y r i t e ,  cha l copyr i t e  and t r a c e  

gold i n  one conglomerate u n i t  of t he  Rainbow Mountain sequence sugges ts  

t h a t  s i m i l a r  va lues  may be p re sen t  i n  t he  o the r  s u l f i d e  d isseminat ion  

d e p o s i t s  i n  t h i s  u n i t ,  These a r e  exposed i n  many a r e a s  along Rainbow 

Mountain, Many p o r p h y r i t i c  andesi te '  " s i l l s "  a r e  a l s o  p y r i t i z e d  and 

may r e f l e c t  o t h e r  more important s u l f i d e s  mine ra l i za t ion ,  These 

depos i t s  deserve f u r t h e r  examination, 

The n i c k e l  and copper mine ra l i za t ion  a s soc i a t ea  wi th  u l t r amaf i c  

d ikes  and s i l i c i f i e d  d i o r i t e  near  Canwell G lac i e r  may p e r s i s t  a t  depth  

t o  the  northwest under v a l l e y  f i l l .  These d e p o s i t s  a l s o  warrant  

d e t a i l e d  inves t iga t ion .  

Some evidence sugges ts  t h a t  s u l f i d e  mine ra l i za t ion  may be a t  

l e a s t  i n  p a r t  a s soc i a t ed  wi th  the  hornblende g r a n o d i o r i t e  i n t rus ion .  

The con tac t  zones of t h i s  p lu ton  a r e  probably worthy of f u r t h e r  

prospect ing.  
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GEOLOGIC HISTORY 

The sequence of everzts recorded i n  the Rainbow Mountain a r e a  can 

be arranged i n  r e l a t i v e  o rde r  a s  shown i n  t a b l e  4. The pa leonto logic  

da t ing  of s eve ra l  of t hese  events  i s  supplemented by r eg iona l  c o r r e l a t i o n  

t o  permit da t ing  of the  e n t i r e  sequence, 

The record of e a r l y  Paleozoic a s  we l l  a s  poss ib l e  Pre-Cambrian 

sedimentat ion and tectonism i n  t h e  e n t i r e  Alaska Range i s  not  c l e a r ,  

No rocks of Cambrian, Ordovician o r  S i l u r i a n  age a r e  recognized i n  t he  

e a s t e r n  p a r t  of t he  range (Moffi t ,  1954). From the  s c a r c i t y  of lower 

Devonian rocks i n  Alaska, Smith (1938) sugges ts  t h a t  t h i s  was a time of 

a major orogeny, Also, s ince  middle and upper Devonian rocks a r e  only 

l o c a l l y  s c h i s t o s e  and d i s t i n c t l y  l e s s  metamorphosed than the  e a r l i e r  

rocks mapped i n  t he  e a s t e r n  Alaska Range the  p o s t u l a t i o n  of a lower 

Devonian orogeny i s  supported. 

From t h i s  evidence, the  pre;*Mississippian metamorphic rocks probably 

represent  sediments deposi ted i n  pre-Devonian time and the  deformation 

may be dated a s  lower Devonian s i n c e  the  degree of deformation of t h i s  

u n i t  does not  compare wi th  the  rocks bel ieved metamorphosed during pre- 

Devonian orogenies  , 

No d e f i n i t e  ages a r e  assigned t o  t he  cyc l e s  of deformation during 

which the Carboniferous sequences were deformed. None of t he  i n t r u s i o n s  

which accompanied the  tectonism i n  t h i s  a r e a  have been p o s i t i v e l y  dated,  

Ages of the  movements, including the  i n t r u s i o n s  can, however, be postu- 

l a t e d  from c o r r e l a t i o n  with known t e c t o n i c  a c t i v i t y  i n  the  Alaska Range, 

These c o r r e l a t i o n s  a r e  based on the  i n t e n s i t y ,  s t y l e  and sequence of 

movement 6 ,  



Moff i t  (1954) suggests  i n  regard t o  the  e a s t e r n  Alaska Range t h a t  

"Permian beds were folded and at: l e a s t  i n  p l aces  r a i s ed  above the  

sea,..followed by resubmergence i n  l a t e  T r i a s s i c  time." 

Payne (1955) records in s t ead  t h a t  t h e  f i r s t  Mesozoic orogeny in-  

volving the  Alaska Range geosyncl ine,  inc luding  the  Nutzot in segment 

t o  the  e a s t  ( f i g .  9 ) ,  occurred during l a t e  J u r a s s i c  time, He d a t e s  

t h e  orogeny of the  most i n t ense  Mesozoic fo ld ing  and t h r u s t i n g  a s  mid- 

Cretaceous ( l a t e  Neocomian-Aptian). The th ree  major orogenies  t h a t  

followed a r e  dated as :  (1) Turonian, (2) post-Paleocene, and (3) 

post-Eocene. 

Moffi t  (1954) p o s t u l a t e s  t h a t  the  g r a n i t i c  p lu tons  which in t rude  

t h e  a r ea  of the  e a s t e r n  Alaska Range range i n  age from e a r l i e r  than 

l a t e  Upper J u r a s s i c  t o  Post-Eocene. One of these ,  a g ranod io r i t e ,  l i e s  

approximately 50 mi les  e a s t  of t he  Rainbow Mountain a r e a  i n  the  

Kuskulana River a r ea ,  This mass has been dated a t  105 m i l l i o n  yea r s  

(Platzko e t  a l , ,  1958). The s i m i l a r i t y  i n  composition and s t r u c t u r a l  

p o s i t i o n  between t h i s  mass and the  g r a n o d i o r i t e  of t he  Rainbow Mountain 

area sugges ts  t h a t  t he  l a t t e r  may a l s o  be of s i m i l a r  age. I f  t h i s  i s  

t r u e  then the  hurnblende g ranod io r i t e  i n t r u s i o n  would c o r r e l a t e  wi th  

the  Turonian orogeny, This i s  supported by f i e l d  evidence, 

In  t a b l e  4, t he  episodes of depos i t i on ,  orogeny, and i n t r u s i o n  i n  

the Rainbow Mountain a r e a  a r e  c o r r e l a t e d  wi th  t h e  sequence of events  

aa recorded by Payne (1955) and o t h e r s  a s  noted above, 



~Au1.1: 4.--Gc'oIo~ic I i t s to ry  of Rainbow Mountain a rea .  

_ _ __ .... _ _  

Age Remarks -- 
Quaternary At l e a s t  t h r e e  major g l a c i a t i o n s  recorded i n  t h i s  a r e a ,  (P<T~$  1953 and 1961 

Post-Eocene (7) i n t o  c o n t a c t  wi th  p r e - T e r t i a r y  u n i t s ;  
T e r t i a r y  deformation ev iden t  from minor f a u l t i n g  w i t h i n  u n i t  and common 
n o r t h e a s t  d i p  of 15'-20' i n  Rainbow Mountain a r e a .  I n  G u l k ~ n a  C l n c i e r  
a r e a ,  a  broad a n t i c l i n e  e x i s t s ;  a  prominent f a u l t  s e p a r a t e s  u n i t  from 

T e r t i a r y  Dated from p l a n t  f o s s i l s  a s  Eocene (Wnhrhaftig, 1958) i n  c e n t r a l  Alaska 
Miocene according t o  some. 

U p l i f t .  t i l t i n g  and minor v e r t i c a l  block f a u l t i n g .  

A  c o n t i n e n t a l  depos i t lo r )  o f  sands and g r a v e l  and 
o rgan ics  ( T e r t i a r y  conglomerate u n t t ) .  -- 
I n t e r m i t t e n t  h igh  ang le  f a u l t i n g  of dominantly 
l a t e r a l  movement. Coincident  l a t e r a l  movement 
along Dena l i  f a u l t  poss ib le .  

I n t r u s i o n  of d i a b a s e  d i k e  swann. 

E a r l y  Ter t i a ry*(? )  - Many f a u l t s  r e l a t e d  t o  probably t h e  same o r  consecu t ive  o rogen ies ;  on ly  a  
Qua te rna ry  (7) 

P r i n c i p l e  q u a r t z  v e i n  development and minera l i -  Upper Cretaceous* (?) Most v e i n s  f i l l  f r a c t u r e s  p a r a l l e l  t o  major northwest  f a u l t  system. One I / v e i n  swarm c u t s  d a c i t e  l e n s  a lone  t h r u s t  f a u l t  E. I 

few nhow d i r e c t i o n  o r  movement (dominantly l a t e r a l ) .  A l l  ( 1 )  o f f s e t  o r  
t runca te :  (1) d i a b a s e  d i k e s ,  (2)  h igh  ang le ,  dominantly v e r t i c a l  northwest  
s t r i k i n g  system, and (3) f o l d  s t r u c t u r e s  of even t  #7. O r i e n t a t i o n  o f  fnu l l  
system favorab le  i n  p a r t  an secondary wrench f a u l t  group (Moody and H i l l ,  
1956) r e l a t e d  t o  t h e o r e t i c a l  r i g h t  l a t e r a l  movement on Dena l i  f a u l t .  

Late  Cretaceous-  
e a r l y  T e r t i a v  ( 7 )  

I 11 I I n t r u s i o n  of d a c i t e  d ikes .  

Dikes1 c u t  o r  in t rude :  (1) mine ra l i zed  q u a r t z  v e i n s ,  ( 2 )  d a c i t e  l e n s e s ,  
(3) h igh  ang le  northwest  s t r i k i n g  f a u l t s ,  (4) hornblende g r a n o d i o r i t e ,  
(5) t h r u s t  f a u l t s  and a s s o c i a t e d  f o l d s ,  and (6) e l l  major  bedrock u n i t s  
i n  the  a rea .  

Upper Cretaceous I n t r u s i o n  along major f a u l t s  in1  (1) h igh  ang le  northwest  s t r i k i n g  s e t  
(Turon iany  (7) and (2)  t h r u s t  systems D, E ,  and F. I 

Block f a u l t i n g ;  dominantly v e r t i c a l  movement. 
S i m i l a r  mwement along Dena l i  f a u l t  p o s s i b l e .  

I n t r u s i o n  o f  hornblende g r a n o d i o r i t e  p l u t o n .  

Upper Cretaceoun 
(Turonlan) (7) 

-- 

Post-Aptian and I Plu ton  c u t s  fo lded  b e l t  of f o l d - t h r u s t  orogeny;  p o s s i b l y  l a t e  o rogen ic  
pre-Turonian* ( 7 )  (of event  8) ( l a t e r  than  peak of f o l d i n g ) .  

Fau1l:s c u t  major f o l d s  i n  Carboniferous sequences.  Granod io r i t e  f a u l t e d  
i n t o  c o n t a c t  wi th  Carboniferous sequence a long  f a u l t ( s )  s u b p a r a l l e l  t o  
system. Movement con t inues  on s e v e r a l  of t h e s e  f a u l t s  fo l lowing  d a c i t e  
i n t r u s i o n  of 811. 

Mid-early Cretaceous 
( l a t e  Neocomlan- 
e a r l y  Aptian)* (7) 

Firal :  r ecogn izab le  deformation s i n c e  d e p o s i t i o n  o f  Pennsylvanian s e d i -  
mente and a n d e s i t e  i n t r u s i o n ;  nor theas t - sou thwes t  compression; ove r tu rn ing  
o f  f o l d s  and o v e r t h r u s t i n g  toward t h e  southwest ;  probably c o r r e l a t e s  
r e g i o n a l l y  wi th  major compresslonnl  ( f o l d - t h r u s t )  orogeny of t h e  Alaska 

Deformation, major f o l d i n g  and t h r u s t  f a u l t i n g :  
w e r t u r n i n n  and o v e r t h r u s t i n a  o f  Carboniferous 
rocks.  

I n t r u s i o n  of p o r p h y r i t i c  a n d e s i t e  " s i l l s "  ( i n  
rocks of McCallum Creek and Rainbow Mountain 
sequences.  

Post-Mississippian 
and pre-Cretaceous 
orogeny 

" S i l l s "  i n t r u d e  only Carbon i fe rous  u n i t s .  Pre-orogenic age i n d i c a t e d  by 
p a t t e r n  of hypabyssal  l a y e r  involvement i n  f o l d i n g ,  a l s o  f o l d i n g  of #7 
most i n t e n s e  where a n d e s i t e s  a r e  miss ing  and none of t h e  s i l l s  have been 
c o n t r o l l e d  by s t r u c t u r a l  weaknesses a s  a r e s u l t  o f  1\7. L i t h o l o g i c  
s i m i l a r i t y  of " s i l l s "  t o  Pennsylvanian v o l c a n i c s  sugges t s  t h a t  s i l l s  may 
be Pt?nnsylvanian a l s o .  

Creek and Rainbow Mountain sequences). 

of qua r t z  d i o r i t e  (Canwell phase). 

sedimentary u n i t  of 'event #1. 

Synkinematic metamorphism of sediments  and v o l -  
can ica  (7) (P re -Miss i s s ipp ian  metamorphic sequence 
Also  c a t a c l a s i s  and p a r t i a l  r e c r y s t a l l i z a t i o n  of 
q u a r t z  d i o r i t e  of p l u t o n  (development of gne i s s )  . 
I n t r u s i o n  o f  u l t r a m a f i c  d i k e s  and s i l ls  i n t o  un i t c  
o f  t h e  P re -Miss i s s ipp ian  metamorphic rocks.  

I I n t r u s i o n  of q u a r t z  d i o r i t e  p lu ton  ( l a t e r ,  q u a r t z  
d i o r i t e  gne i s s ) .  

Accumulation of sediments  and v o l c a n i c s  (7) 
( l a t e r ,  P re -Miss i s s ipp ian  metamorphic rocks) .  

One o r  more pe r iods  of metamorphism; t h e  develop-  
ment of the :  (1) Birch Creek s c h i s t  (nor th  o f  
Canwell Glac ie r )  and (2) sch i s t s -gne i s ses -  
mlgmnti tes  (Gulkana G l a c i e r  c a t c h  bas in ) .  t Pre-Devonian (7)  Probably younger tha:i sediments  o f  Birch Creek s c h i s t  o r i g i n  bu t  may be 

equ iva len t  t o  these  o r  conce ivab ly  o l d e r .  

metamorphism of  P re -Miss i s s ipp ian  metamorphic rocks--Birch 
Creek schist--dominantly quartz-muscovite  s c h i s t  ( j u s t  no r th  o f  g l a c i e r ) .  
May be Pa leozo ic  i n  age ,  o r  p o s s i b l y  Mesozoic: schists-gneisses-migmatites 
most l i k e l y  Precambrian. 

I *Dating based i n  p a r t  on Payne (1955). I 



CONCLUSIONS 

The Paleozoic-Mesozoic igneous and sedimentary rock u n i t s  which 

dominate t he  Rai~lbow Mountain a r ea  (south of the Delzali f a u l t )  c o n t r a s t  

t h e  Precambrian (? )  Birch Creek s c h i s t  which unde r l i e s  much of t he  a r e a  

n o r t h  of t he  f a u l t .  

The fol lowing major rock u n i t s  occur w i th in  the  study area :  

1, Pre-Mississ ippian metamorphic rocks (low grade)  include 

p h y l l i t e s ,  g reensch i s t s  and marbles and occupy s e v e r a l  f a a l t  blocks 

marginal t o  the  Denal i  f a u l t .  A concent ra t ion  of u l t r amaf i c  s i l l s  and 

d ikes  de f ines  the  assoc ia ted  S e r p e n t i n i t e  complex. 

2 ,  Miss iss ippian  ( ?  ) McCallum 'Creek and Pennsylvanian Rainbow 

Mountain sequences a r e  composed of graywacke-like d e t r i t a l  rocks,  

a n d e s i t i c  and d a c i t i c  tuffs and volcanic  b recc i a s ,  a  few a n d e s i t e  flows 

and subord ina te  f o s s i l i f e r o u s  l imestones,  These have been dated from 

pa leonto logic  evidence. These sequences demonstrate a  minimum t o t a l  

th ickness  of 5600 f e e t  and 8000 f e e t  r e spec t ive ly .  

3. Separate  systems of d ikes  and s i l l s  composed of:  (1) a n d e s i t e ,  

( 2 )  r h y o l i t e ,  (3) basalt-gabbro, (4) d a c i t e ,  (5) a l k a l i  gabbro, and 

seve ra l  o t h e r s  c u t  most sedimentary and metamorphic rock u n i t s .  

4. A p lu ton  of hornblende g ranod io r i t e  i n t rudes  the  Carboniferous 

sedimentary rocks and a n d e s i t e s  and may be r e l a t e d  t o  t he  qua r t z  d i o r i t e  

(Canwell phase) mass which outcrops beyond the  s tudy a rea ,  A d u n i t e  

i n t r u s i o n  sepa ra t e s  two occurrences of these  g r a n i t i c  rocks, 

5. Quartz d i o r i t e  gne i s s  , represent ing a  sheared and p a r t i a l l y  

r e c r y s t a l l i z e d  p lu ton  (?) i s  fotmd i n  a s s o c i a t i o n  wi th  ttie Pre- 

Miss i ss ippian  metamorphic rocks. 

7 7 



A t  l e a s t  four  major and d i s t i n c t i v e  cyc les  of deformation a r e  

recorded i n  the  a r ea :  

1. The e a r l y  o r  middle Paleozoic (?) synkinematic metamorphism of 

the  Pre-Mississ ippian metamorphic rocks has produced gene ra l ly  subiso- 

c l i n a l  t o  i s o c l i n a l  f o l d s  of no r th  t o  northwest t rend and low grade 

equ$librium mineral  assemblages. 

2 ,  The f i r s t  major deformation of s t rong  i n t e n s i t y  fol lowing 

Pennsylvanian depos i t ion  and andes i t e  s i l l  inqrus ion  caused open t o  

s u b i s o c l i n a l  fo ld ing  and l o c a l  overturning and ove r th rus t ing  t o  t he  

southwest ( s t r u c t u r a l  t rends  northwest) .  

3.  V e r t i c a l  block f a u l t i n g  along s u b p a r a l l e l  f a u l t s  t rending  

northwest followed the  i n t r u s i o n  of t he  hornblende g ranod io r i t e  p lu ton ic  

rocks. 

4. High angle no r th  t o  northwest t rending  system of l a t e r a l  

s l i p  (1)  f a u l t s  succeeded the  i n t r u s i o n  of t he  d iabase  d ike  swarm 

and major quar tz  ve in  mine ra l i za t ion ,  

These l a s t  t h ree  cyc les  a r e  probably l a t e  Mesozoic t o  e a r l y  

T e r t i a r y  i n  age and may r e f l e c t  corresponding movement on the Denal i  

f a u l t .  No f u r t h e r  evidence was co l l ec t ed  t h a t  might suggest  t he  

d i r e c t i o n  o r  magnitude of movement on " the g r e a t  f a u l t , "  

Su l f ide  mine ra l i za t ion ,  a l though spa r se  throughout t he  a r ea ,  does 

occur i n  s eve ra l  concent ra t ions  which warrant  f u r t h e r  i nves t iga t ion ,  

These a r e  p r imar i ly  nickel-copper depos i t s  a s soc i a t ed  wi th  u l t r amaf i c  

dikes.  Other depos i t s  of p o s s i l ~ l e  economic importance a re :  (1) t h e  

no r th  t o  northwest t rending  copper-lead bearing quartz  ve ins  which c u t  

pr inc  Fpally the Rainbow Mountair1 sequence and (2) disseminated s u l f i d e s  



i n  principally the rocks o f  the Rainbow Mountain sequence and associated 

andesite s i l l s  and the granitic  plutonic rocks, 
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