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ABSTRACT. 

A s e r i e s  of plutons i n  west-central  Alaska defiaes the 

Hogatxa p lu tonic  belt which extends f o r  about 200 mi l e s  i n  an east- 

west d i r e c t i o n  from the nor theas tern  Seward Peninsula  to the 

Koyukuk River, The plutonic rocks have an aggregate area of about 

1,200 aquare miles and the ir  compo&itionr distribution, and pos- 

i i b l e  petrogeneeis  a r e  discussed for the first time h t h i s  report. 

, Fie ld ,  petrographic and chemical da ta  supported by K/Ar 

age datfng indicate the p lu tonic  rocks a r e  divisible i n t o  two 

s u i t e s  d i f f er ing  i n  age, locat ion,  and composition. The western 

plutons are mid-Cretaceous (-100 m.y.) i n  age and consist  of a 

ha terogeneous assemblage of monzonite, syenite, q u q ~ t z  monzonite . 
A~koutaDed with these granitic rocks is  a group of alkaline sub- 

silicic rocks t h a t  form' a bel t  ' of i n t r u s i v e  complexes extending 

f o r  a distance of at least 180 miles from west-central Alaska to 

the  Bering Sea. The complex a t  Granite Wountaia show8 a rare 

example of zoning from an a l k a l i n e  rim t o  a quartz-bearing core. 

The occurrence of a similar complex a t  Cape Dezhnev on the eas tern-  

moat tip of S i b e r i a  suggests the a l k a l b e  province may extend i n t o  

Siberia. The easternmost plutons are Late Cretaceous (-80 m.y.) 

i n  age and composed primarily of granodiorite and quartz monzoxite 

similar t o  calc-alkal ine plut ons found throughout the North 

America Cordi l le ra .  



The plueons a r e  arpiaonal and in t rude  deformed but u m s t a -  

morghosed Lower Cretaceous andesitic volcanic8 and volcanic 

graywacke which c o n s t i t u t e  the highly mobile Yukon-Koyukuk 

voloenoge~ic province of west-central  Alaska. No older  rocks have 

been found within the c o n f b e s  of t h i a  vast tract; the occurrence 

of a bounding ophio l i t e  sequence hag l ead  t o  the suggestion t h a t  

the  pravbce was formed by large-scale rifting and i s  underlain by 

The p o s e i b i l i t y  of no juvenile  s i a l i o  crust over much of 

the area suggests  that the  potassium-rich mapa now represented by 

the a l k a l i n e  rocks originated Jlp the  mantle. The diotributkon of 

the  a l k a l i n e  rocks appears t o  be r e l a t e d  t o  r eg iona l  s t m c t u r a 2  

features, p a r t i c u l h r l y  the boundary be tween the  Mesozoic volcano- 

genfa  province of west-central A l a s k a  and the th rus t - f au l t ed  

prov5nce of metarn~rphic-plut onie and sedlmcintary rocks of Paleo- 

zoia and Precambrian age t h a t  forms t h e  eastern Sewa~d Peninsub.  

This boundary may have been a gone of s t r u c t u r a l  weakness along 

which alkaline napa  was generated. Modal and chemical trends sug- 

gas* t h a t  the  potarssiw-rich mapa influenced the composition of 

more g r a n f t i c  magmas forming a t  higher levelg. The l a t t e r  may have 

been forming as a result of anatexis of andesPOe and mixing of 

mantle-derived mafic magma. The resu l t  ie t h e  he terogenaoue assem- 

blage of generally potaseium-rich pluConic rocks that form the 

west end o f  t he  Bogataza plu tonic  be l t .  



The loci of magmatism in west-central Alaska sh i f t ed  eaert 

i n  Late Cretaceous time and the eastern plutona show only l o c a l  . 

signs of p o t a ~ ~ i u r n  enrichment. They are D ~mposi t ional ly  homo- 

geneoua and differences within plutons appew due t p  loqal 

contamination. 



INTR03UCTION 

GENERAL RENARECS 

A b e l t  of Mesoaoic plutons of d$verae composition, known aa 

the Hogatza plutonic b e l t ,  orops out  over a large p a r t  of west- 

central Alaska (fig. 1) but has received l i t t l e  pe t ro logic  a t t en -  

teen u n t i l  t h e  present  study. There axe 14 p r i n c i p a l  intrusive 

" bodies i n  t h i s  b e l t  and they range i n  size from a few square milee 

t o  over 300 squase miles, with an aggregate area of about '1,200 

square miles. The plutonia rocks range from calc-alkal ine grano- 

Bior i t e  and quar tz  monaopite i n  the  e a s t  t o  a suite of moazonito 

and syen i t e ,  quartz monzonite, and alkaline subsi l lc ic  racks in 
t 

the weat. The present  s tudy e n t a i l e d  reconadseance mapping of 

a11 the plutons a n d  more d e t a i l e d  mapping of several of the l a r g e r  

p lu  tons. Petrographic , chemical, and geochronologic s t u d i e s  were 

made on many of the  plutonic rocks. This work was part of the 

U , S . Geological Surve y1 s investigations in A l a s l c a  , 

The purposes of this r e p o r t  a r e : ( l )  t o  give the general 

c h a r a c t e r i s t i c s  and d i s t r i b u t i o n  of all the plutonic rocks, (2)  t o  

preeent the  geology and petrology of several of the l a r g e r  plutona, 

and (3) t o  d iscuss  the possible p e t r o g e ~ e s i s  o f  the  d i f f e r e n t  

sui tes  of p lu tonic  rocks and t h e i r  r e l a t ionsh ip  t o  each other.  

The part of west-central Alaska under djscussion i s  bounded 

on the  north by the Brooks Range, on *he west by t h e  Seward 





Peninsula, and on the south and e a s t  by Clie Kokrines-Hodzana 

Highlands (fig. 1 ) .  It Ucludes  p a r t s  of t h e  Hughes, Shungnak, 

Candle, Kateel  River, Selawik and Melozitna 1:250,000uscale 

quadrangles . 
F i e l d  work f o r  the  present  s tudy was done during the 

summers of 1963-1969. Helicopfers  were used extensively owing t o  

the remoteness and r e l a t i v e  i n a c c e s s i b i l i t y  of much of the area. 

Over 250 thin sections were examined and 265 made6 counted. A 
w 

t o t a l  of 68 samples were analyzed by chemical and semiquanti tat ive 

spectrographic methoda a t  t h e  l a b o r a t o r i e s  of the U. S. Geological 

Survey. Twelve K/Ar dates from n4ne plutons were determined by 

geochronologists sf the  U. 8 .  Geological Survey. 

PREVIOUS WOBIE 

. - Little mapping of the plutonic  rooks of west-central Alaska 

was done p r i o r  t o  1958 owing, a t  least in par t ,  t o  the inaccessi- 

bility of the  area. Mof f i t  (1905) t raversed most of the  K i w a l i k -  

Buckland divide In the western pa r t  of the area, and made 

reconnaissance maps of the Granite Mountain pluton and parts of 

the Hunter Creek pluton (plate 1). He recognized that t he  plutona 

are made up of a v a r i e t y  of rock types incxuding gran i t e ,  aonzonite,  

and quartz  diorite; he a l s o  recog.nized the  occurrence of alkaline 

rocks at Granite Mountain. Smith aad Eakia, (1911) and Harrington 

(1919) b r i e f l y  v i s i t e d  the  gold and platinum place r  mines of the  

Granite Mountain area  and made improvements t o  M o f f i t v s  geologic 

map of the  area. 



The Indian Mountain and Zane Hills plutone i n  the  eastern 

p a r t  of the region were visited b r i e f l y  i n  the early p a r t  of this 

century by Smith (1913) and by Eakin (1916). $mith considered the - 

Zane Hills and other  plutons i n  weat-central Alaeka OQ be pre-Upper 

Cretaceous based on r e l a t i ~ n a h i p e  he had seen northeast of Granite 

Mountain, namely the  occurrence of g r a n i t i c  rock qlasts i n  Upper 

Cretacreous conglomerate. Ealcin presumed the Indian Mountain pluton 

t o  be Late Cretaoeous o r  Early Tertiary in age slsce i t  fntwded @ 

u n i t  of graywacke and mudstone which he thought to,be Upper 

Crwtaceous. 

During the nextc40 years no work was done i n  this part of 

Alaska with the exception'of a brief r e p o r t  by Gault and others 

(1955) on the  oacurrence of uranium minerals i n  stream gravelq 
* 

near Granite Mountain, In 1958, members of t h e  U. S, Geological 

Survey, under the d i r e c t i o n  of W i l l i a m  W e  Patton, Jr., began 

regional geologic mapping s t u d i e s  i n  west-central Alaska whfch 

r e s u l t e d  i n  a series o f  geologic mapo which include the Hogatza 

p l u t o n f c . b e l t  (pat ton,  1966; Pat ton  and Miller, 1966; 1968; Patton, 

1967; Pat ton,  Mi l l e r  and Ta i l l eyr ,  1968). A p r e l b i n a r y  report  on 

the age and compoeition o f  the  plutonic rocks was prepared by 

myself and others ( ~ E l l e r ,  Pa t toa ,  and Lanphere, 1966). 

Mineral deposits of the  area have been s tud ied  ia recent  

years as part of .the Surveycs program i n  Alaska and the  r e s u l k s  of 

these s t u d i e s  a r e  discussed in Miller and Ferr ians  (1968), Miller 

and E l l i o t t  ( 1969) , Miller ( 1969) , and E l l i o t t  and Miller ( 1969). 



The p a r t  of weet-0entral Alaaka discvbsed i n  tb ie  repor t  

i s  in the Ietermontane Plateaus system of A l a s k a  (Wahrhaftig, 1965). 

The region crmsists of groups of rounded h i l U  gnd low moyntgrins 

surrounded and interspersed with rolling plateaus and i r r egu la r  

Ipwlands, Summits up to  4,500'feet occur i n  the eastern part of 

the area but the western part  has summits no higher than 3,3QO 

fee t  and I s  generally more subdued. 

Because the e n t i r e  region is only a few miles south o f  the 

Arctic Circle,  most of the p l u t ~ n s  discussed here a r e  beyond o r  

above timberlkne. There a r e  no g2a~iars ia the area now but Zarga 

piedmont glaciers emanating from the  rooks Range iq Pleistocene 

(Illinoiaxl) t i g l e r aaohedas  f a r s o u t h , a e  t h e n o r t h e r s  flanks of . , 

many of fhe plutons (Coultsr and others, 1965; Patton and PIflXer, 

1968). The alkalfne Antruaive 'complexes i n  the  southern Rob&- 

Selawik Lowlands were .covered by these glaciers ,  Parts of  the 
d 

Zane H i l l s  and Wheelex Creek plutans were subjected t o  val ley 

glaciation a t  about the  same time, Most of the lowland apeas are 

underlain by permafrost. Extensive f r ~ s t  action has resu l ted  i n  

the redut t ion of mast outarops t o  pptches of angular froat-riven 

blocks.  These are  as much as geveral f e e t  i n  lspgth when composed 

of granitic rooks but as lOttle ae a few Snches length when com- 

pose@ of graywacke. The lack of outcrops prevents s t r u c t u r a l  

mapping of f o l i a t i o n  and l ineat ion i n  the pluton$c rocks, 



A n  interesting geomorphic faqture i n  the region i s  the 

common ooourrence of altiplanation terraces, whioh are especially 

well-developed in the hhermally metamorphosed country rocks sur- 

rgueding the pluto~sr In fact, the narns waa coined by Eakin (1916) 

for flat terrace-like features near Indian Mountain. 

Areas of hot spring act iv i ty  occur at several l o ~ a l l t i e s  

along the borders of the plutons and are 640~11 an the geolo&,u 

naps in this report. 
d' 



PLUTONIC ROCKS 

Thw plutonic  rocks of west-central Alaska are divisgble  

inCo t w ~  p r i n c i p a l  s u i t e s  on the  basis of ' age ,  location, and com- 

posi t ion.  The older ,  mid-Cxetaaeous s u f t e  is composed of a 

v a r i e t y  of rock types, generally with .alkaline a f f in i t i ee  and 

ranging from monzonite and syenite t o  quartz  monzonite, and 

includes a lkal ine  subsil icfc rocks such as nephelgne ayenite  and 

Ehdred rocks. The younger, L a t e  Cretaceous su i te  ooqsisfs pri -  

marily of. calc-alkaljae granitic rocks, mainly granodiorsta arrd 

quar t s  monzonite with less abundant alaslrstte and hybrid rocks. 

The pid-Cretaceous suiee constitutes the western plutons u l t h  @ 

totaL a rea  of about 650 aquare miles a'nd khe &ate Cretaceous m Z C e  - 

the eas te rn  plutons with a to ta l  area of 550 square milee. 

The plutons range i n  area from l e s s  thqn a square a l e  t o  

more than 350 square miles ( t a b l e  1). Two of the larger p l u t o ~ s ,  

the Se1~1wik R i l l s  6nd the Hunter Creek, are partly covered by 

Quaternary b a s a l t  flows and t h e i r  e&osed outcrop area0 o f  378 

and 165 square miles,  respective$y, are there fore utinimzlm values. 

The plutons  have a t o t a l  surface area of about 1,200 square miles  

a~ determined by polar planiae ter .  

The plutons are aligned alone the  200-mile-long Hogatw 

plu tonic  b e l t ,  and the l a r g e r  plutons tend t o  be elangafed pa ta l l e l "  

t o  t h i s  trend. Iil some places, roof pendant. 6eparate individual 

plutons  a t  the present  l e v e l  of exposure, f o r  example, the  Zane 



Table 1. Plutoqs discussed in t h i s  report  

Name Area Modal Chemical K/Ar 
( r n i o 2 )  Analysee Analysee Pates 

Late Cretaceous Suite 

Zane Hills pluton 
Wheeler Greek pluton 

Indian Mountain pluton 

Mt. George plutan - 
, EIcLanes Creek pluton 

Totals 550 129 20 4 

Mid-Cre taceous Suite 

Shfniliaok Creek pluton 

Puroell Mountain pluton 

Hawk River stook 

Fklak Creek Complex 

Selawik Hills pluton , 

Hunt Creek Complex 

Inland Lake Complex 

Selawik Lake Complex 

Bunter Creek pluton 
~ r a h t e  Mountain plu ton 

Quartz;, Creek pluton 3 I" ma -- 
Totals 

Totals for 
both suites 



H i l l s  &ad Wheeler Creek plutons; most other plutons are probably 

separate t o  considerable.depths. 

CLASSIFICATION 

The c l a s s i f i c a t i o n s  used i n  this report are shown i n  

figures 2 and 3. The c lass i f i cat ion  used f o r  the granitic rocka 

i s  that used by Bateman and others (1963, p. 13) which i s  modified 

somewhat from that  proposed by Johannsen (1939). It is a modal 

e l a a s i f i c a t i o n  based on the percentage of  f e l s i c  components. Where 

a rock name i s  given t o  various mapped units, i t  i s  based on the 

dverage uompositioa af 6be unit, even though i n  marry cases the 

range i n  composition spreads over two or more f i e l d s .  

I have used the term alkaline rock fn the sense that Turner 

arrd Verhq~gen (1960, p.  194) do; that i s ,  a rock i n  which the 

alkali content i s  suff io ient ly  bigh as compared to silica for . 

specially alkaline minerals such as feldspathoid tomappear. 

The rgineralogical, chemical, and textural variety of a m -  

l i n e  rocks has l e d  Co an excessive nomenclature and a cumbepsome 

. o l a s s i f i c a t i o n .  Many are unusuai rocks which do not f,it readily 

* t o  c l a s s i f i c a t i o n s  that are familiar to most geolo@sts. The 

clasaif ioat ion I have used is a simple modal one based on the 

prop~stkon of nephelbe, alkali feldspar, and mafic minerals. TFm 

rock names i n  i t  were compiled from various sources (Johannsen, 

1939; Parsons, 1961; Von Eckermk, 1948) and hopefully represent 

more or Teas a consensus of alkaliae rock nomenclature, A t  least 
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Figure 2. Classification of granitic rocks 
Nephaline 

inerals 
Figure 3 .  Classification of alkaline rocks 



one of i ts  limitations i s  t h a t  the  p lag ioc lase  component is not  a 

p a r t  of the  c l a a s i f i c a t i o n .  This is  because the a l k a l i n e  rocks of 

the western Alaska a l k a l i n e  province a r e  generally s ingle- fe ldspar  

rocks. The scheme proved use fu l  i n  mapping and i n  the  comparison 

of the  rocks of this province with those of other  provinues. 

ANALYTICAL DATA 

The chemical analyses were obtained by the  r ap id  methods 
,# 

described by Shapiro and Brannock (1956). Analysts were P. Elmore,  

G. Chloe, J. Kelsey, S. Botts,  H o  Smith, L. A r t f s ,  J. Glenn, and 

D. Taylor. 

The ,same samples were a l s o  analyzed f o r  minor elements by 

a s ix - s t ep  semiquant i ta t ive  spectrographic method, Results of this 

method i d e n t f  f g geometric i n t e r v a l s  t h a t  have the  boundaries 1.2, 

0.83, 0.56, 0.38, 0.26, 0.18, 0.12, etc. ,  and a r e  repor ted  as 

midpoints of these i n t e r v a l s  by the  numbers 1.0, 0.7, 0.5, 0.3, 

0.2, 0.15, 0.1, etc .  The p rec i s ion  of a repor ted  value is  approxi- 

mately p l u s  o r  minus one i n t e r v a l  a t  68-percent confidence, or  two 

i n t e r v a l s  a t  95-percent confidence. The a n a l y s t  was Chris 

Heropouloa. 

Most of the  modal analyses  were de termhed on sawed slabs 

s t a i n e d  by  odium c o b a l t i n i t r a t e  after t he  nethod of Bailey and 

Steven (1960). A total of 1,000 p o i n t s  were eene ra l ly  counted, 

using as large a p o h t  i n t e r v a 1 . a ~  poss ib le  on each slab, i n  most 

cases 2.0 mm or more. Thin-section modes were done c u e f l y  on the 



a l k a l i n e  rocks using a 1.0 mrn po in t  interval and counting 600-700 

poin ts .  Rat ios  of mafic minerals i n  rocks containing pyroxene 

were determined by th in-sec t ion  modes, 

GEOLOGIC SETTING AND AGE OF mE PLUTONIC ROCKS 

Most of t he  plutonic  rocks of west-central  Alaska occur 

along t h e  east- t rending Hogatza p lu tonic  b e l t ,  which extends from 

the e a s t e r n  Seward Peninsula t o  just  e a s t  of the  Koyukuk River 

( p l a t e  1). The plutonic  rocks i n t rude  volcanic and sedimentary . 

rooks of Cretaceous age which under l ie  most of west-central  Alaska 

and cons ti tuCe the .  northern part of the Yukon-Koyukuk volcanogenic 

province. .These rocks a r e  moderately t o  s t rong ly  deformed bu t  

have not been regionally metaiorphosed. The province is bounded 

by t h e  metasedimentary and g r a n i t i c  rocks of t h e  Kokrines-Hodzana , 

Highlands, the Brooks Range, and the Seward Peninsula (fig.  1, . 

plate 1). The metasedimentary rocks of these bounding a r e a s  are 

c h i e f l y  p e l i t i c  s c h i s t ,  marble, and greenstone, and Paleozoic t o  

Precambrian i n  age. Most of the  p lu tonic  rocks are quar tz  monzonite 

of Elesozoic age. 

A b e l t  of oph io l i t e - l ike  rocks occurs along most of the 

mapped border of the Yukon-Koyukuk province. This  assemblage of 

rocks inc ludes  ,u l t ramaf ic  rocks (chiefly peridotite and dunite) a t  

many localities, gabbro, t h o l e i i t i c  pi l low b a s a l t  and diabase, and 

bedded chert.  The most common rock types are t he  p i l low basal t  

and diabass.  The age of t h i s  oph io l i t e - l ike  u n i t  i s  s t i l l  unce r t a in  



but  is t e n t a t i v e l y  placed at Late T r i a s s i c  o r  Jurassic--based on 

c o r r e l a t i o n s  with simflar dated rocks elsewhere i n  Alaska (Pa t ton  

and M i l l e r ,  1970, p.  3). Patton (19703) has suggested t h a t  la rge-  

scale r i f t i n g  has occurred i n  west-central  Alaska and these  

o p h i o l i t i c  rocks represent oceanic m a t e r i a l  which f l o o r s  the  e n t b e  

Yukon-Koyukuk province . 
The next oldest unit in the  province and t h e  oldest rock 

i n t ruded  - by the  p lu tons  is a thick section. of marine a n d e s i t i c  

volcanic rocks of Ear ly  Cretaceous (Neocomian) age. This u n i t  

cons& ts cbie fly of flows and fragmental rocks but i nc ludes  

subordina ts gray~acke , .mudst one, and If mes tone. ' The Early Cre ta- 

ceous age des ignat ion  is based on the occurrence of Buchia 

sub laev i s  ( K e y s e r l h g )  and g. crassicolis ( ~ e y s e r l h g )  a t  s e v e r a l  

l o c a l i t i e s  i n  the  eastern part of the province and on K / A ~  ages 

ranging from 134 may. to 120 m.y. (Patton and o the r s ,  1968; Patton, 

1967; Patton and Miller, 1966). The flows and fragmental rocks are 

chiefly a u g i t e  andes i t e  but  include basalt, dac i t e ,  and trachyande- 

site. Plagioc lase  ranging from andesine t o  labradorite and a u g i t e  

a r e  the p r i n c i p a l  minerals. This u n i t  forms t he  country rock f o r  

most of the  plutons.  

The andesit ie  volcanic rocks are over l a in  by graywacke and 

mudstone of late Ear ly  Cretaceous age. The graywacke is t y p i c a l l y  

a high-rank poorly sorted type composed chiefly of p lag ioc la se  and 

volcanic  rock detritus der ived  p r i n c i p a l l y  from t h e  underlying 

volcanic  rock. The graywacke is ca lcareous  l o c a l l y ,  p a r t i c u l a r l y  



i n  the  western p a r t  of the area. Overlying the  graywacks and 

mudstone and l o c a l l y  gradat ional  with them, is a s e c t i o n  of marine 

and nonmariae sedimentary depos i t s  inc luding  conglomerate and coa l ;  

these d e p o s i t s  occur near the  edges of the  province and a r e  con- 

s i d e r e d  t o  be Late Cretaceous i n  age based on f o s s i l  evidence 

(pa t ton  and Mi l l e r ,  1966; 1968). A K/Ar da te  of 83 m. y. ( ~ t e  

~ r e t a c e o u a )  was obtained on b i o t i t e  from an ash-fall t u f f  i n t e r -  

bedded with conglomerate i n  the  Selawik quadrangle. These rooks 
* 

a r e  ' thought t o  be c o r r e l a t i v e  with the quar tz  pebble conglomerate 

jn t ruded  by t h e  Indian  Mountain - pluton. 

F i e l d  r e l a t i o n s  the re fo re  show .that none of t h e  p lu tons  of 

t he  Hogatza plutonic b e l t  a r e  o lde r  than Early Cretaceous and some 

are no o lder  than Late Cretaceous. F i e l d  r e l a t i o n s  a l s o  ind ica te .  

t h a t  t h e r e  was more than one per iod  of p lu tonic  a c t i v i t y .  A vol- 

canic  complex of dacite t u f f s  and i n t r u s i o n s  near  the  ShinilikFok 

Rfver l i e s  unconformably on the  P u r c e l l  Mountain and S h i n i l i a o k  

Creek plutons.  However, the  complex is in t ruded by a l a s k i t e  of the  

Wheeler Creek pluton. Other f i e l d  evidence suggest ing more than 

one i n t r u s i v e  episode can be seen i n  the  occurrence of granitio 

clasts (pa t ton ,  1967) i n  conglomerate east of the Hunter Creek 

pluton (plate 1). These c l a e t s  c l o s e l y  resemble the monzonite of 

the nearby Hunter Creek pluton. The conglomerate is  thought by 

Pat ton  (1967) t o  be approximately c o r r e l a t i v e  with the volcanfc 

graywacke of l a t e  Early Cretaceous (Albian) age t h a t  is intruded 

by t h e  Indian Mountain and M t .  George plutons.  



I n  support  o$ the f i e l d  data concerning the  age and number 

00 epZsodes of' pJut~nism, 12 W'Ar da tes  were obtained on b i o t i t e  

and hornblende from nine of the plutona i n  the b e l t  and from the 

v~$can$c complex a t  Sh ln i l ik rok  River and are given i n  t a b l e  2. 

The western plutons i n  the  b e l t ,  extending ao far e a s t  as 

the Shiniliaok Creek pluton ( p l a t e  I,), have yielded K / A ~  ages  

ranging from 107 m.y. t o  97 m.y. (table 2 ) ;  this time interval 

apana the current boundary (according t o  the Phanerozoic time s c a l e  .. 
of the Quarter ly Journal  of t he  Geological Socie ty  of London, 1964) 

o$ 160 m.y, separa t ing  the  Upper and Lower Cretaceous. T h i s  mite  

g i  plutons w i l l  h e n o e f o ~ t h  be referred t o  as the mkd-Cretqceous 

(qlbian-Cenomanian) suite.  

The eastern  plutons extend as far west as the Wheeler Creek 

gluton and have yielded K / A ~  ages ranging from 82 t o  78 m.y. ( t a b l e  

23. They a r e  referred t o  hereaf ter  as the Late Cretaceous suits. 

The dac i t e  volcanic complex near the ShinilFkrok River is 

i n  coa tac t  with p l u t ~ a &  of both su i t e s  and has yielded a K / A ~  date 

of 85.2 m.y. It lies uneonformably on the F'urce1lMountai.u and 

Shinfliaok Creek plutons, dated at 98.6 m.g. and 99.4 m.y., respeo- 

t i v e l y ,  and is intruded by a l a s k i t e  of the  Wheeler Creek pluton 

The f f e l d  re la t ionships  and the  K/Ar dates therefore  mggest 

t ha t  the re  are at  l e a s t  two main periods of plytonism i n  west- 

~ e n t r a l  Alaska as euggested earlier by Miller and others (1966). 

The d;lsscussion t o  follow w i 3 L  show t h a t  the suites d i f f e r  I n  compo- 

sf tfon as w e l l .  



Table 2. K/Ar ages from plutonic and volcanic rocks i n  west-central A l a s k a  
- -- -- - - - - -- -. , -. I 

Location Rock Type Mineral, bge(m.y.) Reference 

Late Cretaceous plutonic suite 

Indian Mountain pluton Granodiorite Hornblende 81.523 0 Patton and t d i l l e r ,  1966 
Zane Hills pluton Quartz monzonite Hornblende 81 .923.0 Pat ton and l.liller, 1966 
Wheeler Creek pluton Quartz monzonite Biotite 80.6f2.0 MLllep and othere, 1966 
Wheeler Creek pluton Alaalrite . ~ i o i i t e  77.922.3 ~ n ~ u b l i s h e d l  

Range 77.9-81.9 

Shinilfkrok Rfver volcanic. complex 

Daci t e  Bio.ti te 85.2t2.2 Patton and others, 1968 

Mid-Cretaceous plutonic s u i t e  

Shiniliaok Creek plut  on Syenodiorite Biotite 99.4S.4 Miller and others, 1966 
Purcel l  Mountain pluton Quartz monzonite Biotite 98,422.9 Mil l er  and others, 1966 
Se lawik Hills pluton Quartz monzonite Biotite 97.023.0 Unpublished 1 

Selawik Zfills pluton Syenite Hornblende 10025 Miller and others, 1966 
Hunt Creelr Complex Malignite Biotite 107i2.8 Patton and Miller, 1968 
Hunter Creek pluton Monzonite Bornblende 10225 Patton, 1967 
Granite Mountain pluton Monzonite Hornblende '10653 Unpublished 1 

Range 97. 0-107 0 - f-' 
Q\ 

 he analytical  data  for the previoussly unpublished ages are given i n  the appendix. 



MID-CRETACEOUS PLUTONIC SUITE 

Th9s s u i t e  of plutonic rocks forms the west end of the 

Hogatza plutonic b e l t  and has a wide range of  rock types including 

both silica oversaturated and undersaturated varieties. It i a  

charaaterised, however, by an abundance of rocks with a relatively 

low quartz content (generally l e s s  than 10 percent) and a high K- 

feldspar content. The suite includes two  lgrge bodies, the Selawik: 

H i l l s  p3uton and the Eunter C ~ e e k  plutan, and several swller 

plutons at Quartz Creek, Purcell Mountain, Hawk River, and Shizul- 

l iaok Creek; these plutons are composed ohie f ly  of moneonite, 

syenite, aqd quartz monxonite. 

A~aociated with these granitic 'plutons is a group of a m - .  

l ine  s u b s i l i c i c  complexeg i n  the Kobuk-Selawik Lowlands, a t  Granite , 

Malintain, and i n  the Parby 14ountgina. 

The plutons composed c h i e f l y  of granit ic  rocks are discussed 

first, followed by a discussion of the alkaline rocks of the s u i t e .  

A. GRPLNITIC ROCKS 

SelaurFk: Hills pluton 

General character 

This discordaat composite pluton i s  the largest body i n  the 

mid-Cretaceous s u i t e  and has an exposed area of about 350 square 

miles .  This is a mfnimurn figure stnce the southern and much of  the 

eastern parts of the pluton are over lab  by Quaternary basalt 



flows (plate 2). The pluton extends about 45 miles %m an east-wee$ 

d i r e c t i o n  and under l ies  most of the Selawik H i l l s ,  The p lu toa  i s  

bounded on the  nor th  by an east-west f a u l t  zone marked by the  

prominent scarp-like front of the  Bills. 

Three main u n i t s  have been mapped i n  the pluton: (1) mon- 

zonAte and s y e n i t e ;  (2) gneigs ic  syen i t e ,  much of i t  hybrid in origin; 

and (3) f ine-graiaed qua r t z  monzonite. Potassium-argon ages of 

100 m.y. have Peen obtained on hornblende from the  gne i s s i c  syen i t e  
.I' 

and '97 m.y. from the fine-graftied quartz monzonite (table 2).  A 

petr6graphi.c summary of the  su i te  is included i n  t a b l e  3. . 

Andesitic volcanic rocks of Early C ~ e t a c e o u s  age form most 

of the  country rock except i n  the  northwest where- the  p lu ton  par- 

t i a l l y  encloses 1 2  square miles of high-grade metasedimentary 

rocka. The m d e s i t i c  country rock is' thermally me tamorphosed t o  

hornblende hornfe ls  f a c i e s  near the con tac t  and grgdes i n t o  albite- 

epidote hornfels f a c i e s  f u r t h e r  away. Most of the  pluton is fault 

bounded; where i t  is d o t ,  t he  con tac t  with the ageissite i s  sharp 

and s t e e p l y  dipping. 

Petrography 

Moazonite and gneissic 6yenite.--The v e s t  end of the  pluton 

i s  composed predominantly of a pink t o  orange, fine- t o  medium- 

grained monzonite but inc ludes  some quartz monzonite and syenite. 

I n t e r s t i t i a l  modal quartz is common in most of ' the unit although 

generally l e s s  than 10 percent of the rock. The t ex tu re  ranges 





from mgdbm p a i n e d ,  allotriomorphic granular (f  dg. 4) .t;p por- 

The nqrth-central and northeastern parts of thq pluton con- 

s i o t  of g y e ~ i t e  and ~noazosite marked by a charac ter i s t i c  g n e i s s i c  

and lo~a&$y tracbytoid $exturo, Compos$tionally, q w r t a  i s  abaent, 

large per$$itPc K-$el$apar phenocrysts up t a  3 inohas long are 

sbpadant, and the pla@ochse  content i s  velat ive ly  law. The 
1 

mafiq rniverax ~ g n t e n t  48 high, pp t o  49 psrcent  I ~ e a U g ,  and cl ivo- 
d 

pyrpxans $s at leasO as abundaut i3Q h~reblende,  i f  not more so, 

The qamposition chqnges considerably over ~ b o p t  d i ~ t a n c e a ,  

partic.~kr$y the m f i ~  qineral content. Much o f  the g n e i s s l ~  

. . qyenita new the nortbera border of the pluton agpgars t o  be hybrgd 

fa o~$gla.  Tbs ?atpa i n  this area appears t o  Pave b s s ~  ~oatamiaated 

by rqaat$qn with andasitic country rqck. Indeed, eome of the ualt 

i m  pprbably qatnsowOized andag%te. The end reeulh Q$ $his sorrtwcL~ 

mtias ~ n d  metaspmatism i s  a mesacratic lsyenite that consb tg  

entirwly o f  large K-feldspar phenocryats i n .  a l l g r o u n ~ s s l '  of hom- 

blende and ppoxene ( f $gs. 5 and 6 ) .  

The reppge in modal camgosiCion of the monzonito and gneissic 

sreaite i o  shorn f n  a plot of representative modes ( t a b l e  3) .  A 

trenfl fson reXat$veXy quqrtzosg rockg ta  quarta~free ,  K-f eldapar 

rich r ~ a k  i s  qppwrent. Voat o f  the K-feldspar rich rocks are in 

the gnelscAc hybrid syeai$e. . 

ably over shsrt d$.sCa~e;s but qomis t snt ly  qhows a paaaar. f low 



Figure 4. Rrmzonii;c fro2 the western Selawik H i l l s  p luton.  

i . , j  

50 MM 

Figure 5. 13ybrid s y e n i t c  from the north-ce3traI Selawik Iiills 
plu ton ,  



Figure 6 .  Gneissic  s y e ~ i t e  frorn the n o r t h e r n  SelawLk Hi135 
p lu ton  showing w e l l - d e v e l o ; ~ e d  @mar flow s t r u c t u r e .  

Fimre 7. Gne i s s i c  syc& te  froa t h e  Selawik :ills pluton;  note 
' 'drag" of planar fEox ~ t r u c t u r e  alaar; nxri?;Ln of 
a p l i t e  dike. 



s t r u c t u r e ,  e i t h e r  gneiss ic  o r  t rachytoid.  These textural changes 

appear t o  be gradational. .  The lack of rock a c t u a l l y  i n  place pro- 

hibits the determination of a t t i t u d e s  on the  planar  flow fea tures .  

Eoweve~, the predominance of the planar  f a b r i c s  i n  the northern 

p a r t  of the  pluton near the  bounding f a u l t  zone suggests  t h a t  they 

may be due t o  movement alang the  f a u l t  during the izltrusion of the 

plu ton. 

The change i n  composition and tex ture  between the gneissic - 
eyeni te  and the monzonite i s  a gradual  one and the contact between 

t h e s e ' u n i t s  shown in p l a t e  2 should be regarded only as an approxi- 

mate l i n e  north of which the rock has an or iented  f a b r i c  and con- 

sists c h i e f l y  of gneissic eyenite .  

Numerous screens of metamorphic mafic rocka occur i n  the 

gne i s s i c  syen i t e  genera l ly  along prominent l ineaments,  These are 

t y p i c a l l y  pyraxene-scapolite-plagioclase-sphene gneiss ,  scapolite- 

diopside marble, and aaphibolite. The scapo l i t e  composition is 

est imated a t  about Me from X-ray p a t t e r n s  (Burley and others ,  1961). 70 
The loca t ion  of several of these bodies is shown in plate 2 but 

the re  are. undoubtedly more of them i n  this part of t he  pluton. 

Dike-like bodiea of generally gne i s s i c  o r  t r achy to id  nephe- 

l i n e  syen i t e  a r e  common i n  the gneissic syen i t e  and probably are 

more abundant than are a c t u a l l y  shown i n  pla te  2. These alkaline 

rocks a r e  t y p i c a l l y  melanite-bearing juvite and foyaite. 

Non-gneissic a p l i t e  dikes a l s o  c u t  the  gneissic syen i t e ,  

I n  some places,  the planar flow s t r u c t u r e  of the  gneiss As curved 



along the  con tac t  with the a p l i t e  ( f i g .  72. This could be due 

e i t h e r  t o  i n t r u s i o n  of the  a p l i t e  while t h e  syenite was st i l l  i n  

a viscous s t a t e  or by intrusion of the a p l i t e  along a f a u l t ,  

Quartz rnonaonite.--Most of the eas te rn  half sf the  p lu ton  

is under l a in  by a fine-grained b i o t i t e  quar tz  monzonite. The t ex -  

ture in the northern part of the u n i t  is gne i s s i c  and c a t a c l a s t i c  

but  changes t o  hypidiomorphic and equigranular  in  the sou the r s  h a l f .  

Compos i t io~a l ly  the qua r t z  monzonite is  a h~mogeneous leuco- 
fl 

c r a t i c  rock; r ep resen ta t ive  modes a r e  p l o t t e d  in t a b l e  3 and i l l u s -  

trate t he  h igher  quar tz  content  r e l a t i v e  t o  the other u n i t s  i n  the 

pluton. 

The qua r t z  monzonite has an  intrusive con tac t  with the 

Lower Cretaceous a n d e s i t i c  country rock. The na ture  of the  contac t  

wi th  the  g n e i s s i c  s y e n i t e  and monzonite is  l e s s  c lea r .  The poor 

exposures and extens ive  f r o s t  a c t i o n  mask the a c t u a l  con tac t  zone 

and mutual r e l a t ionsh ipb  cannot be obser7ed. However, t h e  change 

i n  l i t h o l o g y  is fair ly abrupt  and t he  con tac t  appears t o  be sharp. 

A poss ib le  d i f fe rence  i n  the o r i g i n  of the  o r i en ted  t ex tu re  i n  the 

two units may shed some l i g h t  on t h e i r  r e l a t i v e  ages. The ca ta-  

c l a e t i c  and t ex tu re  i n  the nor thern  p a r t  af t he  quar tz  

monzonite appears  t o  be a pos t - c r y s t a l l i  aa t ion  f e a t u r e  . Evidence 

of t h i s  fs t he  mosaic of granulated and crushed quar tz  grains with 

su tu red  boundaries suggesting t he  qua r t z  monzonite had c r y s t a l l i z e d  

p r i o r  t o  deformation. The quar t z  also shows an alinement of the 

c-axis of ind iv idua l  graizm roughly p a r a l l e l  t o  the f o l i a t i o n  of 



the b i o t i t e .  The occurrence of this c a t a c l a s t i c  t ex tu re  near the 

east-west fault zone along t h e  nor th  f r o n t  of the Selawik H i l l s  

suggests i t  was caused by movement along this f a u l t  zone. The 

planar  flow fab r fc  i n  the g n e i s s i c  syeq i t e ,  however, appears t o  

have been developed during in t rus ion .  The common alinament of 

euhedral  K-feldspar phenocryets in a groundmass o f  mafic minerals  

toge ther  with a lack of granulated grains and matured grain con- 

t a c t s  auggest the deformation took plaoe while the syenite wae 

st i l l  in a viscous  state.  If the cataclastic t e x t u r e  i n  the qua r t z  

monzonite and t he  planar flow s t r u c t u r e  i n  the gne i s s i c  s y e n i t e  are 

both r e l a t e d  t o  t h e  same movements along the east-weat fault zone, 

then the  quartz monzonite is the older unit* 

Chemie try . . 

Chemical analyses  were obtained on 17 samples of monzasite 

and g n e i s s i c  s y e n i t e  and two aamples of quar ta  monaonite; these 

analyses a r e  given i n  table 4 a long with horns, modes, and minor 

element analyses.  The samples a r e  thought t o  be r e p r e s e n t a t i v e  of 

the  qua r t z  monzonite and t o  cover the range i n  composition of the 

monzonite'and gneissic syeni te .  An analysis 0 f . a  nepheline syenite 

dFke i s  also included. 

The analyses  show the  r e l a t i v e l y  l o w  S i O  content  of the 2 

monzonite and gneissic s y e a t e .  The range i s  from 53.8 t o  66.1 

percent  but  is genera l ly  less than 60 percent  in the gzlefssic 

syeni te .  Alumina is commonly over 16 percent ,  and as high aa 



Si02 66.1 

A1203 16.2 

Fe203 1.3 
FeO 1.6 

HgO .72 

CaO 2.3 

Pla20 3.9 

K20 5.6 
H2Q- .08 

H20+ .49 
Ti02 .58 

P205 . l8  
Nu0 .07 

C02 <.05 

sum 100 

Table 4. Chemical da ta  of the  Selawik Elills pluton 
Papld rock chemical analyses (weight percent) 

6 I 8 9 10 11 12  1 3  14 15  16 
59.4 57.8 57.2 59.1 57.5 56.4 61.5 55.4 53.8 59.7 54.8 

16.6 16.9 16.4 17.7 25.9 14.5 17.5 16.0 13.4 17.8 15.6 
1.9 2.1 1.6 1.8 2.0 2.3 1.8 2.8 3.1 2.0 2.8 
2.4 3.2 4.0 2.6 3.4 3.7 2.4 3.9 4.2 2.4 3.2 
1.8 2.9 3.6 1.9 3.0 3.2 1.6 3.2 3.8 1.5 2.5 
4.9 6.0 6.2 4.2 5.8 5.8 4.0 5.k 10.2 3.1 7.9 
3.5 3.3 3.3 4.3 3.1 3.4 3.6 3.0 2.2 3.1 6.0 
3.5 5.9 4.8 5.7 5.9 5.7 5.9 6.7 5.5 8.4 5.8 

.08 .10 0.0 .11 .10 .13 .10 -11 .20 .16 .04 

.42 .59 .SO -51 .67 .87 .51 -88 .53 .51 -75 

-63 -75 -96 -78 . 9 1  .97 -71 .97 1.0 -17 1.4 

.34 -46 .42 .25 .36 .49 .26 .58 .69 -26 .44 

.09 .09 -10 .09 .ll .ll .l1 .ll .15 -11 .20 

<.05 c.05 <,05 .90 1.0 c.05 c.05 e.05 1.0 .14 <.05 

S d q u a n t i t a t i v e  spectregraphic analyses (ppm) 



Table 4--continued 
27 

CIPW norms (weight percent) 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

q 16.3 13.2 11.7 3.1 1.7 0.4 1.5 2.8 2.9 4.0 1.4 7.8 -- 1.7 1.6 - 2.2 32.8 31.3 

Modes (volume percent) 

Quartz 

P1agioclase 

K-f eldspar 

Mafie minerals 

(Eornblende) 

{Pyroxene) 

(Biotite) 

Nepheline 

Description of Analyzed Rocks 

I Quartz monzonite 

2 Porphyritic monwnita 

3 Phzonite 

4 IIouzonite 

5 Syenite 

6 Trachyroid syenite 

7 Trachytoid syeaite 

8 Monzonite 

9 Gneissic syenite 

10 Gneissic syenite 

11 Gneissic syenite 

12 Gneisaic monzonite 

13 Trachytoid syenlre 

14 Trechytoid melano-syenite 

15- Genissic syenite 

16 Trachytoid foyaite 

17 Syenite-Ekiek Creek complex 

18 Fine-grained quartz monzonite 

19 Fine-grained quartz monzonite 



18 percent .  I r o n  and magnesia increase considerably i n  the gneis- 

s i c  syenite  and r e f l e c t  the increase  in mafic mineral i n  the unit. 

Of particular interest is  the high K 0 content, which 
2 

ranges from 4.8 t o  8.4 percent  and averages 6.2 percent.  The 

K ~ O / N ~ ~ O  r a t i o  i s  a l s o  high, being greater than 1.0 i n  a l l  analyzed 

specuens  and g r e a t e r  than 2.0 i n  severa l .  The Ba  content  i n  

f o y a i t e  is very high a t  1.5 percent.  

. The analyses of t h e  two samples of undeformed quar t z  monzo- 

n i t s  show a high SiOZ content  of 73.9 and 71.4 percent  and are 

similar t o  Nockolds (1954) average b i o t i t e  quartz monzon$.te, 

. although with somewhat ' less FeO and MgO. 

A l l  but  one of the  bpecimens of monzonite and gne i s s i c  

syen i t e  conta in  normative quartz; however, this is  genera l ly  less 

than 5 percent  and thus most of the  specimens  ear t o  b e  silica 

sa tu ra t ed .  The normative sa l ic  components o f  a l l  specimens except 

the f o y a i t e  are p l o t t e d  i n  figure 8. The p l o t  shows a t r end  simA- 

lar  t o  the modes but  is  off-set more toward the p lagioc lase  apex. 

This  d i f f e rence  probably r e s u l t s  from solid s o l u t i o n  of a l b i t e  i n  

K-feldspaP; the  modes were measured from s t a i n e d  s l a b s  and p e r t h i t e  

was counted as K-feldspar. 

Associated high-grade 
metamorphic rocks  

A fault-bounded assemblage of high-grade netamorphic rocks 

8 mi les  long by 2 miles  wide occurs along the northwest edge of 

the  Selawik Hills pluton. Included in this group of rocks are 



Quartz 

Figure 8. Normative trends of the  granitic rocks of the Selawik Hills pluton: 
+, biotite quartz monzonite; a,  monzonite and gneissic syenire. 



f ine-grained gneiss ,  schist , marble, and calc-s i l ica  t e  rock along 

with intrusive rocks ranging from a l a s k i t e  t,o gneissic nepheline 

syenite .  

These high-grade metanorphic rocks have been t e n t a t i v e l y  

c o r r e 1 a t e d . b ~  Patton and Mil ler  (1968) with an assemblage of cal- 

careous graywacke, mudstone, cp lca ren i t e ,  and limestone conglom- 

e r a t e  50 miles  t o  the nor th  ac ross  the  Kobuk-Selawik Lowlands in 

the Waring Mountains. These sedimentary rocks are unmetamorphosed 

m d ' e s t i m a t e d  t o  be 6,000 t o  10,000 f e e t  th ick ;  t h e i r  age is prob- 

ably Early Cretaceous (Albian) based on l o c a l l y  abundan.t marine 

molluaks, according t o  D. L. Jones (Pat ton and Pl i l ler ,  1968). The 

c o r r e l a t i o n  is based on (1) s i m i l a r i t y  of conglomerate c l a s t s ,  

( 2 )  s i m i l a r i t y  of bulk l i t h o l o g i c  composition, and (3) the absence 

of s i m i l a r  conglomeratic carbonate rocks in other  parts of the 
t 

s t r a t i g r a p h i c  column i n  wee t - c e n t r a l  A l a s k a .  

The metamorphic rocks include quartzo-feldspathic and 

p e l i t i c  types as well as calcareous and mafic rocks. The 

quartzo-feldspathic and p e l i t i c  rocks are fine-grained paragneiss  

charac ter ized  by the assemblage quartz-pla&oclase-biotite- 

s i l l iman i t e -ahand in& or  thoclase5spiael .  Cordier i te  and muscovite 

a r e  notably absent. 

The talc-eous rocks are now marble and c a l c - s i l i c a t e  

rock charac ter ized  by various combinations of c a l c i t e ,  diopside, 

quar tz  and scapo l l t e ,  some with garnet .  Wollastonite and t remol i te  

were not  observed. F o r e s t e r i t e  and s p i n e l  are observed i n  



s i l i c a - d e f i c i e n t  rocks. Quar tz  commonly occurs as r e l i c t  d e t r i t a l  

g r a i n s  along w i t h  c l a s t s  of g r a n i t i c  and mafic rock. 

Mafic rocks occur as c l a s t s  of amphibolite i n  ca lcareous  

metaconglomerate, as t h i n  l a y e r s ,  and as gneisses  along f a u l t  

slices i n  the  pluton proper. Typical assemblages found i n  t h e  

amphibolite c l a s t s  are hornblende-labradorite (An60)-diopside- 

sphene. Pyroxene-acapolite (Me60_70)-sphene gneiss occurs  along 

t he  f a u l t  slices i n  the pluton. 

Seve ra l  assemblages and minerals  i n  these  rocks  axe ind ica-  

t i v e  of high temperature and pressure.  The occurrence of ortho- 

c l a s e  i n  p lace  of muscovite i n  the  p e l i t i c  rocks is  thought t o  

i n d i c a t e  the  highest temperature subfacies.  of the  amphibolite 

f a c i e s ,  namely the sillimanite-almandine-orthoclase subfac ie s  

(winkler, 1965, p. 9 2 ) .  The pyroxene-hornfels faoies is l ikewise  

i n d i c a t e d  by the  presence of this assemblage, but  the presence of  

almandine i n  place of c o r d i e r i t e  sugges t s  higher  p res su res  than  

u s u a l l y  expected i n  con tac t  rocks.  The occurrence o f  almandine i n  

p lace  of c o r d i e r i t e  could be a funct ion,  however, of F ~ O / P I ~ O ,  The 

co-existence of s p i n e l  (a green hercyni te )  w i t h  quartz is also 

i n d i c a t i v e  of high T-P condi t ions .  

Winkler (1965, p. 93) sugges ts  temperatures of 7 0 0 ~ ~  and 

p res su res  of 6 kb n i g h t  be necessary for the  development of these 

assemblages. 

The occurrence of these high-grade metamorphic rocks  here 

is  an anomaly s ince  rocks of similar metamorphic grade have not  



been found elsewhere i n  t h e  Hulcon-Koyukuk province. Typica l ly  

the country rock of the  Hogatza p lu tonic  b e l t  is  Lower Cretaceous 

a n d e s i t i c  volcanic rocks which have been thermally metamorphosed 

in t he  v i c i n i t y  of the  p lu tons  but  have not  been r e g i o n a l l y  meta- 

morphosed. The contac t  aureole  genera l ly  consists of a narrow 

zone of hornblende horn fe l s  facies rocks cha rac te r i zed  by l a r g e  

hornblende p o r p h y ~ o b l n a t s  and t h e  zone grades i n t o  a lb i te -epidote  

ho rn fe l s  facies rocks  f a r t h e r  from t h e  contact .  This type of 

con tac t  aureole  is found i n  the  andes i t e  country rock around the, 

Selawik H i l l s  pluton. Only the  f a u l  t-bounded flblock" .of me t a sed i -  

ments shows the  higher  grade of metamorphism. 

I f  t he  sediments a r e  indeed Albian, only a rs lat ive ly  

s h o r t  time was available f o r  deposi t ion,  mgtamorphism, and i n t r u -  

sion by the mid-Cretaoeous p lu ton ic  rocks. This would seem t o  

rule out  b u r i a l  t o  the depths usua l ly  thought necessary t o  develop 

the pressure  indicated by the  mineral assemblages developed. 

Rutlaad (1965, p. 136), i n  a s tudy of t ec ton ic  overpressures  con- 

pared appropr ia te  experimental evidence with geologic evidence and 

rmggested t h a t  supposed pvessure condi t ions  f o r  s t a b l e  c r y s t a l l i z a -  

t i o n  of c r i t i c a l  minerals  could r a r e l y  be achieved by depth of 

b u r i a l  a lone,  Rutland thought t h a t  t ec ton ic  overpressures  of the  , 

magnitude r equ i red  a r e  un l ike ly  and suggested chemical explanat ions,  

p a r t i c u l a r l y  metastable  growth, f o r  the  ex is teqce  of same minera l  

assemblages. 



Apparently, mineral assemblages normally thought t o  be 

i n d i c a t i v e  of a high temperature and pressure regional  metamorphic 

facies, or a t  l e a s t  a deep-seated contac t  metamorphic environment, 

were developed i n  what may have been a shallow contact  metamorphic 

sett ing.  Their occurrence coincides with t h a t  p a r t  of the  pluton 

which appears t o  have been subjected t o  deformation while st i l l  Jm 

a viscous s t a g e ;  t h i s  was a l s o  the s i t e  of K-enrichment, and 

ass imi la t ion  and metaeomatism of country rook. Perhaps one or  
" 

more of these f a c t o r s  inf luenced the development of t h i s  metamorphia 

assemblage. 

The intrusive rocke f o u a  within  t h i s  metamorphic unit a r e  

gneislsic nepheline syeni te  and a l a s k i t e .  The former may have been 

intruded e a r l y  i n  the deformational 'his tory of this unit apd t h e  

l a t t e r ,  the  alaskite, could be the r e s u l t  of anatexis .  

Igneous h i s  t o r y  

The Selawik Hills composite pluton, p a r t i c u l a r l y  the  west- 

e r n  and c e n t r a l  pa r t s ,  has had a complex and involved h i s t o r y  and 

runs the  gamut i n  composition from s i l ica-oversa tura ted  rocks t o  

silica-undersaturated rocks, The re lat ionship  between the quar tz  

monzonite i n  the  e a s t  and the s i l i c a - s a t u r a t e d  rocks o f  t he  remain- 

der of the  pluton f a  not  c l e a r  but on the basis of t e x t u r a l  differ- 

ences, the q u a r t s  monzonite u n i t  appears older ,  The K / A ~  dates 

rmggest t h a t  a l l  the u n i t s  a r e  p a r t  of the same magmatic episode. 

I n  the western Selawik H i l l e r  , quartz-bearing monzoniti c 

magma with a r a t h e r  low s i l i c a  content  was i n t ruded  i n t o  Lower 



Cretaceous ( ~ s o c o m i a n )  a n d e s i t i c  volcanics  i n  mid-Cretaceous time. 

In the center of the pluton and along its northern margin, the  

magma was enriched i n  potassium and was cut by potassium-rich 

nepheline syen i t e  dikes.  Large amounts of a n d e s i t i c  country rock 

52 t h i s  rsame area appear t o  have been engulfed by the  magma and 

contaminated it, r e s u l t i n g  i n  hybrid mesocratic syeni te .  The 

nor thern  margin of the pluton i s  bounded by an east-west f a u l t  

zone which appears t o  have been a c t i v e  during at  l e a s t  the  late 
d 

stages of emplacement of t he  magma. Movement along t h i s  f a u l t  may 

have caused the  primary planar  flow s t r u c t u r e  s o  c h a r a c t e r i s t i c  of 

the  s y e n i t e  i n  t h i s  p a r t  of the  pluton. 

The close s p a t i a l  a s s o c i a t i o n  of metasonatizsd g n e i s s i c  

syenite with nepheline syen i t e  dikes i n  the Selawik H i l l s  and with 

p o t a s s i c  s u b s i l i c i c  complexes i n  t h e  Kobuk-Selawik Lowlands sug- 

g e s t s  t h a t  t h e  metasomatism is  r e l a t e d  t o  the  i n t r u s i o n  of the 

potassium-rich s u b s i l i c i c  rocks. 

T 2  

This  poorly exposed plutdn l i e s  a few miles  west of the 

Granite  Mountain plu ton  near Quarts  Creek (p la te  1). F.letarnorphosed 

andes i t e  between the two l babs  of the  pluton together  with its hook- 

shape and location at the  base of a low range of h i l l s  sugges t s  

t h a t  only the  top  of a p  otherwise concealed pluton is exposed 

( M i l l e ~  and E l l i o t t ,  1969). The pluton i n t r u d e s  Lower Cretaceous 

volcanic rocks; its absolute age is  unknown and i t  i s  t e n t a t i v e l y  



\ 

included i n  t he  mid-Cretaceous s u i t e  on the  b a s i s  of geographic 

l o c a t i o n  only. 

The plunton is composed c h i e f l y  of f ine-  t o  medium-grained 
, 

quar t z  monzonZte;.the rock is leucoc ra t i c  and the v a r i e t a l  mafic 

minera ls  a r e  hornblende and b i o t i t e .  The e a s t  l b b  of the  pluton 

has  been i n t e n e e l y  a l t e r e d  with abundant development of tourmaline 

and su l f ides .  The qua r t z  monzonite i n  t h i s  region has been tour- - 
malinized along c l o s e l y  spaced f r a c t u r e s  r e s u l t i n g  ' i n  a llbleachedlI 

quartz-feldspw-tourmaline rock with t h e  tourmaline concentrated 

a long the  f r a c t u r e s .  The end product of tourmal in iza t ion  i s  a 

dense f ine-grained blaok rock  composed c h i e f l y  of quar tz  and 

tourmaline with lesser amounts of s u l f i d e s .  Late  ve ins  and massive 

b o d i e ~  of c a l c i t e  c u t  the  a l t e r e d  i n t r u s i v e  rock. The a n d e s i t i c  

country rock  has also been pervas ive ly  a l t e r e d ,  Galena, spha le r i t e ,  * 

arsenopyr i te ,  and p y r i t e  occur i n  both the tourmalfnized rock and 

in the  carbonate bodies. 

' Hunter Creek pluton 

This l a r g e  pluton l i e s  immediately t o  the  southwest of t h e  

Selawik H i l l s  p lu ton  and i s  poorly exposed along the c r e s t  of the  

d iv ide  s e p a r a t i n g  the Kiwalik and Buckland drainages.  Extensive 

outpourings of Quaternary b a s a l t  have concealed i ts  lower eleva- 

t i o n s  and t h e  figure of 165 square miles g i v e n , a s  the a r e a  i n  

t a b l e  1 is a minimum. The pluton i n t r u d e s  Lower Cretaceous ande- 

s i t i c  volcanic  rocks and a K/Ar age of 102 f. 5 m.y. and a Pb-oc 



age of 90 k 10 m.y. (Pat ton,  1967) have been obtained from the 

pluton. Its southern margin, where not  covered by b a s a l t ,  is 

mas t l y  f a u l t  bounded. 

The pluton is  composed of mediun-grained genera l ly  por- 

p h y r i t i c  monzonite and q u a r t s  rnonzonite; the  range of cornpoaition 

i s  i nd ica ted  i n  t a b l e  3. The phenocrysts are large pink t a b u l a r  

K-feldspar; quar tz ,  where present ,  i s  i n t e r s t i t i a l .  Pyroxene and 

hornblende are the  ch ie f  mafic c o n s t i  tuants .  
.r ' 

The ,most c h a r a c t e r i s t i c  f e a t u r e  of the  pluton is a pe r s i s -  

t e n t  c a t a c l a s t i c  t ex tu re  found i n  specimens throughout the. pluton. 

This t e x t u r e  is l o c a l l y  v i s i b l e  i n  hand ~pec imen  but  is p a r t i c u l a r l y  

no t i ceab le  i n  t h i a  sec t ion .  The i n t e r s t i t i a l  qua r t z  has been the 

mineral  p a r t i c u l a r l y  a f f e c t e d ,  t h e  end result i n  some cases  being 

a crushed and fragmented mosaic. 
. 

Plutonic  rock  clasfs i d e n t i c a l  i n  composition and ca tac la s -  

t i c  t e x t u r e  t o  the Hunter Creek pluton have been found i n  conglom- 

erate 15 milea t o  the . e a s t  of t h e  pluton. The age of the 

conglomerate i s  unce r t a in  b u t  i t  is believed (Pa t ton ,  1967) t o  be 

approximately c o r r e l a t i v e  with volcanic  graywacke of l a t e  Ear ly  

Cretaceous ( A l b i a n )  age t o  the nor th  and eas t .  The c o r r e l a t i o n  

between rocks  of the  pluton and c l a s t s  i n  the  conglomerate s e r v e s  

t o  s e t  an  upper age limit based on f i e l d  evidence f o r  the  pluton. 

The top  of the Albian s e c t i o n  is considered t o  ,be about 100 mop. 

old ;  even taking i n t o  cons idera t ion  the u n c e r t a i n t i e s  of age de ter -  

minations,  t h i s  suggests t h a t  t he  a r e a  was t e c t o n i c a l l y  a c t i v e  and 

t h a t  unroofing of t h e  pluton was f a i r l y  rap id ,  



Mid-Cretaceous p lu tons  i n  t h e  western 
P u r c e l l  Mountains 

General cha rac te r  

The th ree  p lu tons  i n  t h e  western P u r c e l l  Mountains (plate 3) 

are t h e  easternmost p lu tons  of t h e  mid-Cre taceous s u i t e .  These 

a r e  the  S h i n i l i a o k  Creek, P u r c e l l  Mountain, and Hawk River plu tons ;  

a l l  t h r e e  a r e  s m a l l  bodiss ,  each less than  40 square-mi les  i n  a rea .  

The p lu tons  intrude Lower Cretaceous a n d e s i t i c  volcanic  rocks; 

the P u r c e l l  Mountain and S h i n i l i a o k  Creek bodies  have been dated 

a t  98.6 m.y. and 99.4 m.y. r e s p e c t i v e l y  by K / A ~  methods (table 2 ) .  

These two plu tons  are partially o v e r l a i n  by Upper Cretaceous 

hypabyssal d a c i t e  and rhyodaci te  dated a t  86 m.y. which has  been 

in t ruded  i n  t u r n  by the  Upper Cretaceous Wheeler Creek pluton. 

The Hawk'River pluton i s  ass igned t o  the s u i t e  on the  basis of 

composition. 

The plu tons  va ry  considerably i n  l i tho logy.  The S h i n i l i a o k  
- .. - 

Creek pluton c o n s i s t s  c h i e f l y  of monzonite and syenod io r i t s  as 

does the  Hawk River stock. The P u r c e l l  Z4ountain m a s s ,  however, is 

chiefly quar tz  monzoni t e  . 
If the K/Ar ages of t h e  plutons (-100 rn-y.) and t he  overly- 

ing  dacitic hypabysaal rocks  (86 meyo) are c o r r e c t ,  l i t t l e  time 

e lapsed  between plutonism and unroofing of the  p lu ton  by erosion.  

The welded rhyodaci te  tuff overlying the Purcell Mountain p lu ton  

con ta ins  clasts of plutonic rock that most l i k e l y  came from the 

p lu ton  i t s e l f .  The p lu tons  the re fo re  appear t o  be epizonal bodies. 



P u r c e l l  Hountain p lu ton  

This small body l i e s  j u s t  west of Purce l l  Mountain ( p l a t e  3) 

and, i n  c o n t r a s t  t o  t h e  nearby quartz-poor Hawk River and Shini-  

liaok Creek bodies, i s  composed chiefly of quar tz  monzonite 

(table 3) and g ranod io r i t e  with a qua r t z  content  ranging from 17 

t o  23 percent. In t he  narrow arm t h a t  p r o j e c t s  toward t h e  east ,  

t h e  qua r t z  content  drops below 10 percent ,  poss ib ly  due t o  w a l l  

rock contamination. P lagioc lase  (An 33-40 ) i s  gene ra l ly  more abun- 

dant than the p e r t h i t i c  K-feldspar; hornblende and b i o t i t e  a r e  the  

principal mafic minerals but colorless clinopyroxene occurs  i n  the 

narrow eas t - t rending  arm which is probably the contaminated crest 

of t h e  pluton. 

The rocks of the  pluton a r e  genera l ly  medium  rained and 

commonly porphyr i t i c  with t a b u l a r  K-feldspar phenocrysts up t o  an 

inch long. The groundmass t e x t u r e  is  hypidiomorphic granular .  

Hawk River pluton . . 

A smal l  s tock  of ol ivine-bearing monzonite crops out  along 

and near the  Hawk River a few miles  south of the Purcel l  Mountain 

p lu ton  and is c u t  by an east-west t rending  f a u l t .  T h i s  p lu ton  has 

not  been dated but  is assigned t o  the  mid-Cretaceous s u i t e  on the 

basis of its monzonitie composition and loca t ion .  

The p lu ton  is somewhat similar i n  composition t o  the 

.Sh in i l i aok  Creek pluton but conk ains a more caicic p lag ioc la se  

( l a b r a d o r i t e  (I, 48), accessory o l iv ine ,  and an unusual ly co lored  



a p a t i t e  which i s  dichroic  from 1% ght blue t o  lavender. The o l iv ine  

w a s  p a r t l y  r eac ted  t o  b i o t i t e  and magnetite. The p r i n c i p a l  mafic 

c o n s t i t u e n t s  a r e  b i o t i t e  and clinepyroxene. 

The t y p i c a l  rock  of the  pluton i s  medium grained and massive 

with a hypidiomorphic and equigranular  tex ture .  

Shinil iaok Creek p lu ton  

T h i s  pluton i s  composed c h i e f l y  of medium-grained monzonite 

and syenodior i te  c u t  by numerous reddish-colored dikes of fine- 

grained quartz  syenite, Small, rounded inc lus ions  of p lu tonic  and 

a n d e s i t i c  country rock are common throughout the  pluton. Quarts 

is genera l ly  present  but  forms less than 10 percent  of t h e  rock 

except i n  the  quar tz  syen i t e  ( t a b l e  3) . ~ l a g i o c l a s e  i s  usua l ly  

andesine (An34 - 40 ) and somewhat more abundant than the  p e r t h i t i c  

or thoclase ,  Biotite and c o l o r l e s s  clinopyroxene are the principal 

mafic minerals; hornblende is  less common, In  add i t ion  t o  the  

u s u a l  accessories of sphene, magnetite,  z i rcon,  and a p a t i t e ,  tour- 

maline is widespread as an accessory. Taumaline a l s o  occurs aa 

massive l enses  i n  f a u l t  zones. 

~ h k  average mode of 16 r ep resen ta t ive  specimens of monzo- 

note and syenodior i te  is 3.9 percent  quar tz ,  47.7 percent  plagio- 

c l a s e ,  30.6 percent  K-feldspar, and 17.7 percent  mafic minerals, 

Chemical analyses were obtained on two specimens of rnonzonite 

( t a b l e  5). The analyzed specimens resemble the  average alkali 

syen i t e  of Nockolds (1954) more than his average monzonite; the 

two analyzed specimens have a rather high alkali content  



Table 5. Chemical data of the Shini l iaok Creek pluton 

Chemical Analyses 
(weight percent) 

65 ~ ~ 1 1 8 1  6 5 ~ ~ a 8 8  

Semiquantitative 
Spectrographic analyses 

(parts per mil l ion )  
65A~m181 6 5 ~ ~ a 8 8  

FeO 

Mi30 2 .O 1.3 La 150 200 

CaO 3.7 2.4 Nb 30 50 
Ni 20 7 

N'aaO 5 03 5.5 Pb 100 100 

4 5 5.3 
Sc 15 7 -  

IC20 Sn - - --. 

~ ~ 0 "  .20 .08 S r  1500 1000 

73 52 
v 150 100 

u20+ Y 30 50 

sum 100 . 00 100.00 

Nora 
.(weight percent) 

Mode 
(volune percent) 

Quartz 1.5 0.2 
Plagioc lase 40.6 34.6 
K-f el dspar 43.2 54.6 
Mafic Minerals 1 .  10.6 

Met, Opaques 0.8 0.7 
Accessories -- 1.3 

8 An content. 



(10 percent )  and a r e l a t i v e l y  high S i 0 2  content.  The l a t t e r  is  

r e f l e c t e d  i n  the  normative quartz i n  both specimens, The 

40/Na20 r a t i o  is  about 1.0. 

B. ALKALINE ROCKS 

Associated with the  g r a n i t i c  rooks of the  mid-Cretaceous 

s u i t e  is .a b e l t  of a l k a l i n e  p lu tonic  rocks extending for about 

180 mfles nor theas t  from the  southern Darby Mountains and the  

Bering S e a . ( f i g ,  9). The occurrence of a zoned a l k a l i n e  complex 

at Cape Dezhnev on the eaeternmost t i p  of S i b e r i a  that i s  very 

sinilar t o  one found i n  western Alaska ( i , e . ,  Grani te  Mountain) 

suggests t h a t  t he  b e l t  may extend i n t o  S ibe r i a .  The s i m i l a r i t y  i n  

chemistry and l i t ho logy ,  p a r t i c u l a r l y  the  u l t r a p o t a s s i c  cha rac te r  

of the a l k a l i n e  rocks, sugges ts  t h a t  a l l  of these occurrences are 

part  of a previously unreported a lka l ine  rock province. 

Alkaline p lu tonic  rocks were f i r s . t  repor ted  i n  western 

Alaska by Moffi t  (1905, p. 29) who mentioned finding melanite- 

garne t  bear ing  rock at  Grani te  Plountain which ucorresponds very 

c l o s e l y  i n  appearance and composition with the  garnet pyroxene 

ma l ign i t e s  which Lawson has descr ibed from Maligne River i n  

O n t a r i ~ . ~ '  Smith and Eakin (1911, p,  6 7 )  repor ted  t h a t  nepheline- 

bear ing  i n t r u s i v e  rocks were a s soc ia t ed  with f b e - g r a i n e d  granite 

on Kachauik Creek in t he  Darby Mountains of t h e  sou theas t e rn  

Seward Peninsula. 
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Recent geologic napping (Patton and Miller,  1968; Patton, 

Ma&ler, and Tai l l eur ,  1968) has shown tha t  alkaline plu tonic  corn- 

plsxes also occur in  the eouthern Kobuk-Selawik Lowlands a t  

Selawjk Lake, Inland, Lake, Hunt Creek, and Ekiek Creek (plate 2). 

The occurrence of nephel-e a y e ~ t e  dikes i n  the nearby Selawik 

B i l Z s  pluton has already been mentlioned. 

Reconnaissance mapping by the author in the Dwby Mountains 

in 1970 has shown numerous pulaskite and p s e u d o l e ~ i t e  porphyry 

&em outtimg monzonite and quartz monsonite that ie qui te  @%&.lay 

t o  t h a t  found i n  the mid-Cretaceous mite of west-central Alaska, 

Two other oocurreaoes of alkaline rocks were also found in the 

northern Darby Mountains. Detailed mapping and petrograph3.e atudjles ' 

have not ye t  been made on these a lka l ine  rock occurreacers in the 

eoutheastern Seward Peninsula; however, geologic nappfnp; is now of ! ' 
. , 

eu f f i c i en t  detail and extent  t o  indicate t h a t  a lka l ine  p1uted.a 

racke are  not found elsewhere on the Peninsula. 

The complexes i n  the Kobuk-Selawik Lowlands, a t  Granite 

Maqntain, and a t  Cape Dezhnev a re  discussed below. The other a m -  

1 h a  rook ocourrsnces i n  the southeast Seward Peninsula will be 

discussed in a later report .  

Alkaline complexes i n  the Kobuk-Selawik 
L owlanda 

The complexes the Lowlands underlie ~uunded and gla- 

oiated h i l l a  (fig.  10) rising up t o  1,400 fee t  above the Quaternary 

alluvium. The partial cover of g l a c i a l  d r i f t  together with the 



B i g u r e  10. Bunt Creek complex , :ioSuk-Selawik Loxlands . 



intensive f r o s t  action has r e s u l t e d  i n  s c a t t e r e d  exposures of 

f ros t - r iven  rubble. A wide v a r i e t y  of  different rock types makes 

up the  complexes, and the poor exposures have prevented detailed 

mapping. The t e r n  complex i s  a p a r t i c u l a r l y  appropriate one t o  

describe these bodies because of the abundance of diverse rock 

types. 

The a l k a l i n e  bodies a r e  c i r c u l a r  t o  oval  in shape and range 

from 5 t o  15 square miles i n  area.  The Hunt Creek and Inland Lake 

complexes are only 4 miles a p a r t  and separated only by alluvium 

and colluvium--they could be p a r t  of the same body. 

The alkaline complexes are general ly surrounded by allu- 

vium; where country rock i s  observed, it is usually s a t u r a t e d  

ayenite and, l e s s  commonly, quar tz  monzoaite and andesi te .  The 

poor exposures prevent a determination of t h e  contac t  re lat ionships  ! 

i n  most places. However, i t  is clear t h a t  the contac t  i s  abrupt 

and no t r a n s i t i o n a l  rocks have been found t h a t  might i nd ica te  meta- 

~lamatfc a c t i v i t y .  A t  t he  southern contac t  of the  Ekiek Creek 

complex a e s  of melanitembearing juvife (borolani te)  were observed 

cutting quartz monzonite. Because of the  abrupt contacts, lack of 

t r a n s i t i o n a l  rocks showing metasomatic a l t e r a t i o n ,  and the croes- 

c u t t i n g  r e l a t i o n s h i p s  a t  Ek;iek Creek, the alkaline conplexes of the 

Kobuk-Selawik Lowlands are considered to  be magmatic rocks. 

A K / A r  age of LQ7 m,y. has been obtained on b i o t i t e  from a 

malignite in the  Hunt Creek complex ( t a b l e  2 )  and these alkaline 

rocks are considered t o  be part of the mid-Cretaceous plutonic 

s u i t e .  



Eaoh of the complexes bas its own special  l i thologic  char- 

pctar i s t i cs  and consists of a variety of rock types (see fig. 3 for 

classf f ication) which are summarized i n  table 6 ; several rock 

types, however, typify the complexes i n  the Lowlands although any 

inUv$dual complex may not necessarily contain them all. These 

rock types are: 

(1) Malignite and foyaite--the most abundant rock type and 

found in all the ~omplexes. Malignite Ae typically a dark 
C 

equigranular rock, massive and medium grained ( f i g .  11) , 
with gray feldspar, pink to orange nepheline (,color. due t o  

alteration), and black bio t i t e  and pyroxene, It i s  grada- 

t ional  in to  feldspar-bearing pyroxenite. Foyaite is more 

f e l s i o  and commonly shows a trachytoid texWre (fig. 12). 

( 2 )  Juvlte and borolanite--light-cblored equigranular rocke 1 

with gray feldspar, fresh green nepheline, and black bfo k i t e .  

Typically medium grained, massive. Locally black garnets 

(melaaite) up io 1/2 inch i n  diameter are very abundant and 

rock i s  calJed borolanite after Horne and Tsall (1892). 

These rocks are also found in all complexes and also aa 

dikes  cutti& the Selawik Hills pluton. 

(3) Pulaskite and perthosite--blue-my, fine-grained e q ~ g r a n u -  

lar rock6 commonly forming late dikes. Abundant purple 
----A 

Miscellaneous rock types lsuch as trachyte, i j o l i t e ,  b io t i te  

pyroxerdte, and lamprophyre occur i n  one or more complexes, but are  



Table 6. Alkaline, rocks of the Kobuk-Selawik Lowlanda 

S ize  
(square miles) Description 

Sela* Lake 

Hunt Creek 

. * 

Inland Lake 

E;dlek Creek 

Northern ha l f  of complex composed 
. o f  massive, leucocratic juvi te  and 
borolanite forming a high hill 3 
square miles i n  area. Melanf t e  
l o c a l l y  very abundant ranging up t o  
15 percent. Cut by pulaskite and 
larnprophyre dikes. Sou them half 
very poorly exposed; includes par- 
t h o s i t e ,  malignite. Complax is i n  
contact with saturated syer4te .  

Chiefly malignite and foyafte cut  
by very abundant red traohyte por- 
phyry.. Also includes pulaskite  
dikes, f ine-graiae d borolani te 
Complex intrudes andes i t ic  volcanic . 
rocka. ' 

Very poorly exposed; northern part 
pulaskite ,  southern part malignite 
and foyai te .  In contact with 
syeni te  and a l a s k i t e .  

Has wide variety of rock types; 
northern part c h i e f l y  malignite and 
pyroxenite but by foyai te  and 
juvite . Southern part chiefly 
borolanite with mafic septa(?) of 
wall rock and minor bio t i t e  pyroxe- 
n i te  and i j o l i t e .  Borolanite dikea 
cut  quartz monzonite country rock. 



Figure 11, K a l i g n i t e  fro3 the Runt Creek complex. 

Figure 12, Foyaite from a dike iz t h e  Selawik Rill6 
pluton; note t r a c h y t o k d  ( t t f o : ~ a i t i c t l )  t ex ture .  



not abundant Bvith the exception of trachyte porphyry which forms 

a major p a r t  of the Hunt,Creek complex. T h i s  trachyte porphyry 

i s  characterized by l a rge  pink sanidine phenocrysts in a reddish- 

arange groundmass and in t rudes  the malignite. 

The mafic rocka, such as walignite  and feldspar-bearing 

p y r ~ x e a i t e ,  apgear t o  have been emplaced f i r s t  and are c u t  by l a t e r ,  

more f e l s i c  rocks  such as foyaite, juv i t e ,  and pulaswte (fig. 15). 

Carbonati tes  have not  been found i n  the  province, T U B  may .." 
be due t o  a combination of s ca rc i t y  and poor exposure; however, 

Smith (1956) concluded that pyroxenite and i j o U t e ,  and not nephe- 

Une syenite, tare the rocka most comnonly associated with carbosa- 

tits. I j a l i t e  has been found i n  only one small locality and t m e  

p y r o x e d t e s  a re  rare i n  the  western Alaska provinue. 

. 
Pe.trography 

The alkaline rocks of the Kobuk-Selawik Lowlands are shg.1~ 

feldapar (hypersolvus) rocks ( T u t t l e  and Bowen, 1958) and t h e i r  

alkaline character is' expressed mineralogical ly by the presence of 

both alkali feldspar and nepheline . Ultramafic and feldspar-free 

rocks are rare. Essential minerals a r e  a l k a l i  fe ldspar ,  n e p h e l b e ,  

pyroxene, and b i o t i t e ;  hornblende and melanite garnet are common 

but show a considerable range i n  abundance. 

The alkali. feldspar is genera l ly  a fresh clear s b p l y  

twinned var ie ty  commonly with a low 2V. ~ e r t h i t e  is found only Fn 

l a t e  l eucocra t i c  pulaskite and per thos i t e  dikes. Plagioclase i s  

found as a separa te  phase only i n  the perthite. X-ray studies of 



Figure 13. 14aligni t e  cut by j u v i t e  ; Ekiek Creek complex, 



several  alkali feldspars shows t h a t  these are very potassio (up t o  

QT ) and a r e  mostly or thoclase  but  include some sanidine. The 96 
only rcLcrocline observed was i n  small v e i n l e t s  cutt ing  the Selawilr 

Lake complex; X-ray studies showed t h i s  t o  be a madmum rnicroclint3, 

Wepheline i s  t he  principal feldspathoid mineral, and l o c a l l y  

ranges up t o  35 percent of the rock. It v a r i e s  from fresh t o  

highly a l t e r e d  grabs--the a l t e r a t i o n  moducts  baing chiefly oan- 
* - 

crinite and zeo l i t e .  Rarely i t  i6 microscopically zoned. X-ray 

d i f f r a c t i o n  peaks f o r  (2022) and (2150) were s t u d i e d  f o r  tbree 

nepheline samples using an internal C a F  standard. The aspheline 
2 

ranges from Ne t o  Ne79 according t o  the curves of Hamilton and 
71 

MaoKenzie (1960). A "finger-printi1 jmtergrowth o f  nepheline i n  

alkali  fe ldspar  (fig. 14) is  found i n  a l l  rock t ypes+  such inter- 

growths are not uncommon i n  alkaline rocks elsewhere and Bowan 

(1928, p. 257) has suggested such intergrowths are common in 

pseudoleucite.  

K a l s i l i t e , ' t h e  potassium analog of n e p h e l b e ,  has been 

i d e n t i f i e d  i n  borolani te  and juTiite of t h e  northern p a r t  of the 

Selawik Lake complex. The k a l s i l i t e  occurs astjociated with nephe- 

line i n  complex grains (fig.15) somewhat similar t o  those descrZbed 

by Sahama (1962) . Its presence was o r i g i n a l l y  suspected because 

of the high ~~0 content  (16.6 percent )  i n  specimen 11, table 7. 

X-ray diffraction s t u d i e s  showed that k a l s i l i t e  was indeed present; 

i t  had been included i n  the nepheline i n  the modal analyses. 



Figure  14. Flinger-print i n t e r g r o w t h  of nenhe l lne  in alkal i  
f cldspnr. 3osolac i te '  f r o n  delawik Lake cornglex 
(32x1. 

Figure  15. Complex c r y s t a l  of k n l s i l i t e  and  nephcl ine  from 
j u v i t c  in t h e  Selaxik i i k e  conplex ( 1 2 X ) ,  



Kalsilite i s  not a common mineral and was ,formerly thought t o  be 

restricted t o  volcanic rocks (Deer and others, 1963; p. 233; Sahama, . 
1953). Zhidkov (19631, however, found kalsilite i n  potassium-rich 

pseudoleucite syenites i n  the Synnyr massif of the N o r t h - B a m l a i  

alkaUne region, U.S.S.R. Its occurrence i n  the Selawik Lake com- 

p lex  would appear i n  pa r t  t o  be a funct ion  o f  t he  K ~ O / N ~  0 r a t i o .  2 

Clinopyroxeae and b i o t i t e  a r e  the chief mafic minerals; 

hornblende is common i n  l a t e  l eucocra t i c  dikes but  occurs only 

sparingly i n  more mafic rocks. The pyroxene occurs as subhedral 

l i g h t  t o  dark green grains, commonly zoned with a dark; green rim 

and a light green t o  colorless core and al ight ly  t o  moderately 

pleoehrofc, Biotite i s  usual ly  i n  laths with ragged ends and oon- 

t a i n s  inc lus ions  surrounded by pleochroic haloes. It is intensely 

pleochrojic wi th  X = yellow t o  gold, Y e =  dark brown and Z = very 

dark brown t o  opaque. A pa le  green b i o t i t e  i s  locally found assQ- 

c i a t e d  with melanite as' an a l t e r a t i o n  product . The pleochroism, 

low ZV, and the  extinc.tion angle ZAC of 15OXor less suggests it  is 

fe r rohas t ings i t e .  

Melanite, a black t i t a n i f e r o u s  v a r i e t y  of andradi te ,  is a 

major cons t i tuen t  5n borolani te  but  is also comman as an accessory 

i n  maligni te ,  foya i t e ,  and shonkini te .  The melanite occurs as 

anhedral to euhedral crystals up to 1 cm across and contains inclu- 

s i o n s  of magnetite, biotite and, more rarely, pyroxene. It is 

commonly p a r t i a l l y  rimmed by sphene and titaniferous magnetite, 

I n  thin s e c t i o n  i ts  co lo r  ranges from brown t o  deep r e d  and zoning, 



as indicated by .a deeper c o l ~ r e d  core ,  is  common. Semfquantita- 

Cive spectrographic analyses of two n e l a n i t e  separates showed them 

t o  con ta in  2.0 and 1.5 percent  T i  (3.3 and 2.5 percent  T ~ o ~ )  

r e s p e c t i v e l y  , 

Sphene is the most abundant accessory mineral aZzd commonly 

appeare t o  be i n  r e a c t i o n  r e l a t i o n s h i p  with melanite.  Zircon, 

a p a t i t e ,  and magnetite a r e  other ubiqui tous  accessories ; f l u o r i t e  

and eud ia ly te  are common i n  the  lsucocratic rocke. 
4 

Chemistry 

Chemical ana lyses  were obtained i n  16 speoimeas which 

r ep resen t  the range i n  composition of the alkaline rocka of the 

Kobuk-Selawik Lowlands. Some of the chemical c h a r a c t e r i ~ t i c s  m e n  

i n  table 7 w e :  

(1) The Si02 content  i s  low and ranges from 45 percent in 

b i o t i t e  pyroxsni te  and i j o l f t e  t o  58 percent  i n  pulaskitq 

and f oyai t e  . 
(2) Alumina ranges from 11 percent  i n  b i o t i t e  pyroxenite t o  

22 percent  i n  pu lask f t e  and juvite. 

(3) Lime, magnesia, and i r ~ n  show e w e c t e d  t r ends  f*rom high 

values fn t he  melanocratio rock@ t o  low values the 

leucocrat ic  rocks. CaO ranges from 1.3 percent i n  

p u l a s k i t s  t o  12.2 percent  i n  b i o t i t e  pyroxenite.  M g O  ie 

highest (10.3 percent) i n  a specimen of .lanprophgre dike 

and lowaet (0.13 ~ e r c e n t r  i n  juvite. 
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Table 7. Chemical data of the alkaline rocks of the Kobuk-Selawik Lowlands 

Rapid rock chemical analyses (weight percent) 
4 5 6 7 a 9 10 11 12 13 

49.6 50.3 50.7 51.4 52.2 52.4 54.3 55.4 55.8 57.2 
11.6 14.9 17.6 12.2 15.2 19.8 17.1 21.6 15.1 21.3 
1.5 3.4 5.4 6.2 2.8 2.8 2.7 .60 2.3 1.9 
5.4 4.0 1.2 2.7 4.2 1.2 2.4 1.0 3.8 1.0 

10.3 5.4 .17 6.4 4.6 .64 3.2 . .23 3.2 .15 

11.1 8.8 8.0 9.7 7.2 2.5 4.2 .a9 6.5 1.4 

1.9 2.4 2.0 2.2 2.8 2.3 3.5 1.3 3.2 7.6 

5.2 6.3 11.3 5.0 7.3 10.3 7.2 16.6 7.0 8.1 

.18 .24 .19 .30 -19 .84 .68 .12 .26 0.8 

1.4 1.6 1.1 1.1 1.2 3.3 3.1 .80 1.0 .66 

.91 1.2 1.2 1.2 1.2 1.1 .71 .28 .96 .29 

-38 .71 -08 .86 .67 -15 .29 .06 .39 .03 

.15 .17 .14 .17 .I5 .14 .15 .03 .17 .09 

-00 do5 -00 -a0 -00 -36 -08 .21 -00 .OD 

.00 .OD .00 .00 .00 .00 .OD -- .m .00 

-04 .10 .20 -04 -04 .05 .09 -- .07 .lf 

.00 .00 -01 .01 .OD .w .m - .a0 .Ol 

.30 .25 .40 -20 -18 .12 .I5 - .20 .40 

-27 -27 a 1 3  .38 .29 1.25 .17 -- .18 .01 
CLPW Mom (might percent) 

27.1 37.3 39.5 29.6 43.1 61.8 42.8 42.4 42.4 47.7 

-- 7.3 -- 18.6 8.1 7.6 22.9 -- 20.8 22.5 

7.8 11.3 5.7 8.7 7.3 10.8 9.7 2.7 6.2 .1 
2.8 -- 21.3 -- -- -- - 44.5 - - 
8.7 7.1 9.1 -- 8.4 6.6 3.8 6.0 3.4 22.5 
18.1 11.1 12.8 14.1 9.3 -- 3.4 -- 8.5 i.6 

12.8 8-3 -4 12.5 6.8 -- 2.6 -- 6.0 .4 

3.7 1.8 -- -- 2.2 -- -4 -- 2.9 - 
9.0 3.7 - 2.5 3.2 1.1 3.8 .2 1.4 - 
2.9 .9 - - 1.1 - .;I - 7  .7 -- 
2.2 4.9 -8 5.8 4.1 1.2 3.9 .9 3.3 2.7 
-- - 5.3 2.2 -- 2.0 - -- -- -1 

1.7 2.3 2.3 2.3 2.3 2.1 1.4 .5 1.8 .5 

.9  1.7 .Z 2.0 1.6 .4 .7 -1 -9 .1 
-- . I  -- -- -- .8 .2 .5 -- -- 
-- -- -- - -- 1.0 - .5 -- -- 
.I .1 .3 .I -1 -1 .1 -- .1 .2 

.S .4 .8 .3  .2 .2 - 3  -- - 3  .8 
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(4) The t o t a l  alkali content  is high i n  a l l  rock types as 

1 2  out  of 17 analyzed specimens contain more than 1 0  per- 

cen t  t o t a l  a l k a l i s ,  ranging from a low of 5 percent i n  

ul t ramaffc pyroxenite t o  a high of 18 percent  i n  Suvite. 

5 0  is cons i s t en t ly  high and more abundant than Na20 i n  a l l  

but  two specimens--it reaches a high of 16.6 percent in a 

k a l s i l i t e  -bearing juvite . 
(5) Ba0 is  high as might be expected from the high %O content 

I- 

and ranges up t o  1.25 percent  i n  a borolani te .  In tbia  

p a r t i c u l a r  specimen, alkali feldspar and nepheline cons t i -  

t u t e  87 percent of the rock; i f  all t h e  BaO is  asgigned t o  

the  fe ldspar ,  i t  would have 2.1 percent  BaO Which would be 

a barium fe ldspar ,  according t o  Deer and o the r s  (1963, 

p. 166). Barium-rich sanidine has been repor ted  by Larsen 

and o the r s  i n  phonoli te  from the Highwood Eiountains, 

FSontana . 
(6) Fluorine and ziroonium are high (up t o  0.57 percent  F and 

0.20 percent ZrOZ,  r e spec t ive ly )  ; chlor ine  i s  low, never 

more than 0.01 percent.  

Among t h e  minor elements, Pb, Sr ,  and the rare e a r t h s  Ina 

and Ce are r e l a t i v e l y  high; other  rare e a r t h s  (Pr, Nd,  Sm) are 

found i n  some eamples. The Nb content  is  always l e s s  than 100 ppm 

and low f o r  a l k a l i n e  rocks. Parker and Fleischer (1968, g. 21) 

repor t  that  the average Nb content  of e igh t  prominent nepheline 

syen i t e  rnassi fs i n  the S o v i e t  Union ranges from 100 t o  900 ppm. 



Erickson and Blade (1963, g e  79) found up t o  300 ppm Nb i n  the 

analyzed rocks at  Magnet Cove, Arkansas. 

Nepheline appears i n  the norms of all except one of Che 

analyzed samples and ol lvine appears in most which shows the sub- 

silicic character of the rocks. The ultrapotassic nature is 

illustrated by the appearanae of l euc i t e  Is the narrna of six 

The alkaljne rocks i n  the Kobuk-Selawik Lowlands are, thers- 
.. 

f~ri, highly alkaline, predomixlantly potassic,  rglatively r i c h  i n  

BaO, and strongly undersa tu~a ted  in s i l i c a ;  they are not  subalumi- 

nous ( i . e . ,  peraJkal;jlne), however, since the molar r a t i o  o f  t o t a l  

a l k a l i s  t o  alumina i s  always l e a s  than on;. 

Most of the ~ h e m i o a l  charac t e r i s t i o a  described above, whSle 

i l l u s t r a t i n g  the  alkaline nature of the rocks, are similar. to  

those found i n  many other  alkaline provinces throughout the  worl8. 

Where the western Alaska province i s  unu.~ual,  however, is  in a 

high 4 0  content and a high K20/Na2O ratio. I n  f i g u r e s ,  K20 i s  

p lo t t ed  against la20 for t he  e n t i r e  western AXaska alkal ine  prove 

ince and fo r  three  published average nepheline syenitss. The 

potassic  character of the Alaskan rooks is shown byclthe p lo t  of 

all b u t  three specimens on the potassic aide of  a 1:1K20/Na20 

Une. The three average nepheline syenites, however, p l o t  on 

the s o d i c  side of the 1:1K20/NaZ0 l ine .  

Var ia t ion  diagram6 of Na20 and %O versus the Thornton- 

Tut t l e  differentiation index are shown i n  figure 17. P lo t s  of the 



Figure 16. Plot of weight percent K20 vs. Na Q from western Alaska 
alkaline rocks ) , Cape ~ezhnev , 2 ~ ~ ~ ~ ,  ( 0 )  , and three 
published average nephcline syen i t e s  (+); Nos. 1 and 2 are 
the average miaskitic nephelfne syenite (156 analyses) and 
average agpaitic nepheline s y e n i t e  (129 analyses)  of 
Gerasimovskii '(1966) ; no. 3 is the average nephel ine syenite 
(80 analyses) of Nockolds (1954). 
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Figure 17. Variation diagrams showing alkalis plotted against 
Thorton-Tuttle differentiation index for western Alaska, 
Highwood Mountains, Mont., and Magnet Cove, Ark., 
alkaline rocks. 



Alaska rocks are compared w i t h  those from Magnet Cove, krkaasars, 

a classic alkaline rock occurrence (Erickson and Blade, 1963) and 

with the  c l a s s i c  potass ic  province of the Highland Mountains of 

Montana (Larsen, 1941; Buie, 1941; Burgess, 1941). The d i f fe rences  

between the  Alaskan rocks and those from Magnet Cove stand out  

c l e a r l y ;  the  Alaskan s u i t e  has higher K20 and lower NaZO. The 

Magnet Cove rocks are not  sod ic ;  they a r e  miaski t ic  (Na20 + IC20/ 

A 1  0 < 1 )  i n  na ture  and euch s u i t e s  are r e l a t i v e l y  rioh i n  $0. 
- 2 3  

The Highwood Mountain' p r o e n c e ,  however, compares very c l o s e l y  

with the  Alaskan rocks i n  both K 0 and NaZO content.  The alkaUne 2 

rocks o f  the western Alaska alkaline province a r e  obviouslgr 

potassium-rich as has been i l l u s t r a t e d  abqve. 

Granite FIountain pluton 

General ohclracter 

Granite PIountain is under la in  by a soned, roughly c i rcu lar  

pluton about 27 square miles i n  a rea  and forms a prominent high 

landmark at t he  south end of the  range of  h i l l s  separa t ing  the 

K i w a l i k  and Buckland Rivers ( p l a t e  1 ) .  The pluton is composed of 

the  following four  u n i t s  (plate 4) which were mapped c h i e f l y  on 

the  presence of megascopic quar tz  vs. e i t h e r  nephelins o r  garnet :  

(1) a core of equigranular quartz monzonite, (2) an inner crescent-  

shaped zone of massive t o  porphyritic monzonite p a r t l y  surrounding 

the quartz monzonite, and (3) a n  outer  crescent-shaped zone sub- 

divided into nepheune syenite (foyaite) and garnet syeni te .  



Contacts between the  q u a r t s  monzonite and monzonite and between 

t he  monzonite and garnet syen i t e  appear t o  be gradational. Con- 

t a c t a  wi th  the  nephelino s y e n i t e  are concealed by t u a e a  and t a l u s  

cover. Areas of the f o u r  mapped u n i t s  are given below: 

Percent 
Unit - Square miles of p lu ton  

Quartz monxonite 8.0 29 .3 
Monzonite 12.6 46.2 
Garnet syenite 4.1 
Nepheline syenite 2.6 15.0] 9.5 24.5 

27.5 100.0 

Small, poorly exposed s a t e l l i t i c  bodies of nephsline 

s y e n i t e  are found a t  low e l e v a t i o n s  southwest and nor theas t  of t h e  

p lu ton  suggest ing the nepheline s y e q i t e  may under l i e  a l a r g e r  area 

at  no great depth. 

The country rock is Lower Cretaceous (~eocomian)  a n d e s i t i o  

volcanic  rock and the con tac t s  .are sharp  and appear t o  d i p  s t e e p l y  

except near Cub Creek (plate 4) where the con tac t  dips about 50' 

outward t o  the  n o r t h .  The pluton is surrounded by a contact 

aureole  of hornblende and a lb i t e -ep ido te  ho rn fe l s  f a c i e s  rocks 

extending outward f o r  about a half  mile. There appears t o  have 

been l i t t l e  metasomatism adjacent  t o  the  pluton. 

Andesite inc lus ions  are t h i n l y  s c a t t e r e d  throughout t h e  

pluton. Local ly they show an o r i e n t a t i o n  but  the lack of rock  

a c t u a l l y  i n  place due t o  the severe  f r o s t  a c t i d n  precludes neasur- 

ing a t t i t u d e s .  A s c reen  of h o r n f e l s i c  andes i t e  about 300 yards  



lpng by 150 yards wide occurs i n  the  northwestern p a r t  of the  

quar t a  monzonite . 
Molybdenite occurs as disseminated g ra ins  i n  syen i t e  i n  

the s a t e l l i t i c  stock at Cub Creek and $n quartz  veins c u t t i n g  t h e  

syen i t e  i n  t h a t  area. Associated with the  molybdenum are anoma- 

lous ly  l a rge  amounts of silver, uranium, bismuth, and laad (Miller 

and E l l i o t t ,  1969). 

A K/AT age of 106k3 m.y. was obtained on hornblende from 

the inner  zone of monzonite ( t a b l e  2 ) ;  a P b d  age of 1OOflO m.y. 

was obtained on zircon from t h i ~ i  same u n i t  (patton, 1967): 

Petrography 

A p l o t  of the salic modal coastituenta of a l l  u n i t s  except. 

the nspheline syeni te  i s  shown i n  f i g .  18. This p l o t  shows the . , 

r e l a t i v e l y  uniform charac ter  of t h e  quar tz  monzonite and t h e  rsla- 

t i v e l y  heterogeneous charac ter  'of  the  monzonite and garnet  syeni te .  

A petrographic summary of the mapped unf t s  i s  given in t a b l e  8. 

Quar tz  moneo&e.- he eas t -cen t ra l  p a r t  of the  pluton is 

composed of fine-grained, hypidiomorphic and equigranular  q u a r t s  

monzanite which i s  very uniform i n  composition and texture .  Plagio- 

c l a s e  occurs as subhedral t o  euhedral grains with some o s c i l l a t o r y  

zoning and an average compos$tion of about An 
24-30 or calcic oligo- 

clase .  K-feldspar t y p i c a l l y  occurs as subhedral grains of per- 

t h e t i c  orthoclase and microcline and shows some zonfng marked 

both by ex t inc t ion  pos i t ions  and by zonal arrangement of inclu'ded 



Figure 18. Modal trends of the granitic rocks of the Granite Mountain 
pluton (I-, quartz monzonite; 0 ,  monzonite). 



Table 8 .  Petrographic summary of the  Granite  Mountain p lu ton 

Quartz ' Garner Nephelfne s y e n i t e  

monzonite syen i  t e  (Foyait e )  

Quartz avg. 15 percent  accessory absent  absent 

Mepheline absent  absent  accessory range 1-5 percent 

K-feldspar avg. 29 percent  range 28-60 p e r c e n t .  range 31-60 percent  range 60-70 percent  

avg. 51 percent  range 22-63 percent  range 22-38 percent  range 0-15 percent  
P l a ~ f o c l a s e  - 

An2 5-3 0 a-2li A n 2 ~ - 3 ~  *n3 0 

avg. 4 percent  range 6-25 percent  range 15-30 percent  range 10-20 percent  

1 Ma£ ic c h i e f l y  hornblende, chiefly hornblende garnet ,  hornblende, ga rne t  and 

minerals  minor b i o t i t e ;  accessory' and pyroxene; garnet  pyroxene hornblende 
I 

. pyroxene near monzonite near  garnet  syenite 

magnetite,  z i rzon,  
Accessories magnet t t e fluorite, magnetite f l u o r i t e  

a l l a n i  te 

sphene and a p a t i t e  a r e  ubiquitous 

hypidiomorphic and ou te r  p a r t  porphyr i t i c ;  po rphyr i t i c  t o  s l i g h t l y  
Fabr ic  

1 equigranular  inne r  p a r t  equigranular  g n e i s s i c  porphyr i t i c  

medium- t o  coarse- 
Grain s i z e  fine-grained medium-grained medium-grained - - 

grained 
Q\ 
Cn 



p lag ioc la se  crystals, Quartz is c o n s i s t e n t l y  anhedra l  and i n t e r -  

s t i t ial .  The most common mafic mineral  is  hornblende but  b i o t i t e  

is present l o c a l l y  and clinopyroxene is  an accessory near  the  

monzonite con t a c t .  

Monzonite.--The inne r  c re scen t  zone of rnonzonite has  a 

range i n  composition and texture .  The outer  par t  of  the  u n i t  is 

composed of coa r se ly  porphyr i t i c  and even t r achy to id  rock  wi th  a 

mafic minerax content of up t o  25 percent ,  The i n n e r  pa r t  c o n s i s t s  

of a massive, homogeneous rock with a lower mafic index and 

resembles t h e  quar tz  mon~on i t e .  

P lagioc lase .oucurs  as subhedral  t o  euhedral grains of ol igo-  

c l a s e  (An18-24 ) and K-feldspar forms subhedral  t o  euhedra l  grains 

of p e r t h i t e  commonly with g r i d  twinning. Rornblende and cl ino- 

pyroxene, t he  l a t t e r  commonly zoned with a darker core ,  a r e  about 

equal ly  abundant although l o c a l l y ,  clinopyroxene i s  present t o  the 

exclus ion  of hornblende. 

The con tac t  with the  quartz monoonite i s  ~ h a r p l y  grada- 

tional over a distanae of a few hundred f e e t .  The con tac t  wi th  

the nephel ine syen i t e  i s  not exposed but appears t o  be f a i r l y  

abrupt ,  A p l i t e  and perthosite d ikes  c u t  the monzonite. 

Garnet syenite.--This u n i t  forms the west and northwest 

border of the plu ton  and was mapped according t o  the presence of 

m e  gasc opic g a r n e t  , The garne t crystals are generally conspicuous 

i n  hand specimen where they occur as poorly developed dodecahedra 

with a cha rac t e r i s t i c  res inous  brown t o  black co lo r ;  l o c a l l y  they 



cons t i tu te  vp t o  20 percent of the rock. The syeni te  i s  a medium 

t o  coarse-grained rock with a charac te r i s t i c  porphyri t ic  t o  

gneiss ic  texture.  It is the most mafic of the  u n i t s  with t he  t o t a l  

mafic content locally as high as 30 percent. 

The K-feldspar occurs as anhedral t o  euhedral grains and 

phenocrysts of per thf te ,  Plagioclase is eubhedral ca l c i c  oUgo- 

clase and sodic andesine (Anz8 - j0 1. Hornblende is euhedral and 

generally the most abundant mafic mineral. Garnet is typ ica l ly  

anhedral and r iddled with inclus ions  o f  pyroxene, feldspar,  and 

hornblende and locally appears t o  be intergrown with clinopyroxene. 

It ranges from almost co lor less  to  dark reddish brown i n  thin sec- 

t i o n  and is comozlly zoned. with a darker core. Nepheline occurs 

as an accessory i n  some sections,  pa r t i cu l a r ly  near the andesite 

contact; i t  is  typ ica l ly  a l t e r e d  t o  cancr in i te  and s c ~ p o l i t e .  
. 

The contact  with the monzonite is sharply gradatAonal over 

a distance again of only a f e w  hundred fee*. DXkes composed of 

fbe-gra ined  nepheline Byenite l oca l l y  c u t  the unit. 

Nepheline syenite and associated rocks.--Alkaline sub- 

s i l i c i c  rocks are confined ch i e f ly  t o  the southwest part of the  

pluton where they underlie a l o w  ridge near the airstrip (plate 4). 

Exposures a r e  poor and even rubble Itpatchestt a r e  not  common except 

near the a i r s t r i p  where much of the tundra has been removed and 

l a rge  angular blocks of frost-r iven rubble are.errpossd i n  this area 

and i n  a nearby gravel p i t ,  



Foyai te  i s  t he  principal rock type and i s  typically a leuco- 

c r a t i c  medium-grained, massive t o  s l i g h t l y  pp rphyr i t i c  rock. It i s  

c u t  by numerow dikes of boro lan i t e  and, l e s s  commonly, pulasklite 

and dark green-gray phonoli te .  A notable  f ea tu re  of the  alkalbe 

rocks here i s  t h e  occurrence of pseudoleuci te  porphyry as xenoliths 

i n  the foya i t e .  In  these rocks,  euhedral  pseudoleuci te  phenocrysts 

up t o  2 inches  across occur i n  a groundmass of alkali f e ldspa r ,  

nepheline , garnet, pyroxene and hornblende ( fig. 19). Pseudoleu- 

c i t e  porphyry ahso occurs as &kes c u t t i n g  the  andesite count ry  

rock; rubble composed of b i o t i t e  pyroxenite is  commonly found asso- 

c i a t e d  with these  dikes. Floa t  of pseudoleuci te  porphyry and 

b i o t i t e  pyroxenite are,found i n  stream grave l s  i n  Sweepstakes 

Creek and i n  Cub Creek and i n  many of t h e i r  t r i b u t a r i e s .  

The f oyaite i s  composed e s s e n t i a l l y  of p e r t h i t e  , plagio- 
o l a s e  (An ), nepheline,  hornblende, and melanite.  I n  c o n t r a s t  t o  

30 
the  alkaline rocks  of t h e  Kobuk-Selawik Lowlands, t he  foyaite i s  

not  a hypersolvus rock. Another c h a r a c t e r i s t i c  f e a t u r e  of the  

a l k a l i n e  rocks a t  Granite Mountain is  the abundance of melanite.  

Chemistry 

Ten specimens r ep resen t ing  the di f ferent  zones were s e l e c t e d  

f o r  chemical ana lyses  and the  r e s u l t s  a r e  presented i n  t a b l e  9 

a long wi th  the  accompanying semiquant i ta t ive  spectrographic analy- 

ses, norms, and modes. The analyses  of rocks from the  outer zone 

of t he  pluton (garnet syen i t e ,  f o y a i t e ,  and pseudoleuci te  porphyry) 



F i g u r e  19, Tseuc io leuc i  t c  i;or;;i;;rry fro::: the Gra:;ite :iourat;iin 
pli l tan.  



Table 9. Chemical data of the Granite Mountain pluton 

Core Inner rim Outer rim 

Nepheline syeaite Pseudoleucite 

Quartz monzonite Monzonite (Foyaite) P O ~ P ~ F Y  Garnet syenite 

sio2 

=2O3 

Fe203 
FeO 

CaO 

Na20 

K2° 

a2w 
H20- 

Ti02 

'2'5 
mo 

=O2 

Sum 

CIPW Norms (weight percenr) 

salfc 

f emic 





show chemical characteristics similar $0 the alkaline rocks of the 

Kobuk-Selawik Lowlands, The t o t a l  alkali content  is high and K20 

i s  again greater than Na20. I n  the  monzonite and quar t s  monzonite 

of the  i n t e r i o r  part of t h e  pluton, however, Na20 inc reases  slA&tly 

and i s  greater than K20 i n  four  out of f i v e  analyzed samples. 

Alumina i s  high i n  all spechens  ranging from 17.1 t o  19.6 peroent. 

CaO, MgO, FeO, and Fe 0 all decrease as silica increases from the 
2 3 

alkaline rocks of the outer zone to the more s i l i c i c  core. Similar 

decreases can be seen jm t h e  t r a c e  elements Co, C r ,  Cu, Nf, Sc, and 

V; B and ~o ogcur only i n  the alkaline rocks of t h e  outer  zoqe. 

Cape Dezhnev massif, USSR 

A zoned alkaline massif very eirnilai to t h a t  a t  Granite 

Mountain has been mapped by Perohuk (1965) a t  Cape Deshnev on the 

easternmoat t i p  of Siberia ( f i g ,  9 ) .  Because of t h r s  s i m i l a r i t y  

and because the Cape Dezhnev body may represent  the  copt inuat ioa  

of the  western Alaska a lka l ine  province &to Siberia, a summary of 

Perchukls work is  included here.  

The pluton has a g ran i t e  core and grades through quarts 

syeni te  t o  syeni te  (garnet-bearing) and f i n a l l y  aephe l i ae  syenite 

( f oyai te  ) i n  the outer  rim. The f elbowing mheralogical character- 

i s t i c s  were reported:  (1)  p lagioclase  beoomes more calcic from 

core (An ) t o  nepheline syen i t e  rim (An 7-20 30-96 1, (2) pyroxene 

becomes abundant la the  quartz  syen i t e ,  (3) gainet  (andradite-  

melani ta)  i s  common in the syen i t e s ,  and (4) mesocratic v a r i e t i e s  

of syeni te  are the m a s t  common, 



Chemically the s u i t e  shows a range f ron  s i l i ca -ove r sa tu ra t ed  

t o  silica-under saturate d rock and i s  s t rong ly  a l k a l i n e ,  potash- r i  ch 

and peralumlxlous . 
A change i n  t ex tu re  occurs t h a t  i s  similar t o  t h a t  a t  

Grani te  Mountain. The granite has a ttweaklyll porphyr i t i c  t e x t u r e  

and t h e  ou te r  zones s more pronounced porphyr i t i c ,  l o c a l l y  trachy- 

t o i d ,  tex ture .  Contacts between a11 zones are gradat ional .  

The massif is i n t r u s i v e  i n t o  ~ i s 6 a n  (Lower ~arboniferoua) 
4 

l imestone and Perchuk quotes a K/Ar da te  of 55 m,y. f o r  the massif. 

t ow ever, ' t h i s  da te  may have corns from the  work of  L~igov (1958) who 

repor ted  two ages of 55 may. and one of 80 m . y ,  f o r  the massif. 

Unfortunately,  Lugov does *not state what minerals were dated, gives 

no support ing a n a l y t i c a l  data, and does n o t  o f f e r  an e q l a n a t i o n  

f o r  the age discrepancies .  For these reasons, the  absolute age of ' 

the pluton must be regarded as uncertain. 

Perchuk i n t e r p r e t s  the  zoning and.occurrence of a l k a l i n e  

rocks i n  the rim t o  Itmagmatic replacement of limestonell by a gra- 

n i t i c  magma, i n  s h o r t ,  t h e  c l a s s i c  limestone syn tex i s  theory of 

Daly and Shand. I disagree w%th t h i s  i n t e r p r e t a t i o n  f o r  t h e  

fol lowing reasons: (1) the  volume of alkaline rock (13 square 

miles of nepheline syenkte,  30 percent of the m a s s i f )  seems too  

large t o  be explained by a s s i m i l a t i o n  of limestone i n  view o f  the 

experimental work of Watkinson and Myllie (1969). They conclude-  

from a study of the  composition join NaAlSi 0 CaCO -c~(OH)~-H~O 3 8' 3 
t h a t  while the  development of small amounts of s u b s i l i c i c  alkaline 



rock may be expected at g r a n i t i c  magma-limestone ccmtacts,  large 

volumes of such rock are unlikely. Lime6ton.e a s s imi l a t ion  releases 

C02 which tends t o  induce c r y s t a l l i z a t i o n  of a hydrated magma 

forcing t h e  magma t o  o r y s t a l l f z e  as ass imi la t ion  prooeeds. The 

occurrence a t  Granite Mountain of similar emat ion  where t he re  is 

no con tac t  l imestone also weighs a g a i n s t  Perchuk's i n t e r p r e t a t i o n ,  

Further evidence against such an i n t e r p r e t a t i o n  is the high K20 

content  of the  Cape Dezhnev rocks (up t o  10.88 percent )  and the  

high K 0/Na20 r a t i o  which i e  g r e a t e r  than one i n  all analyzed 2 

epecaens. This, of course,  is very similar t o  t h e  alkaline r o c h  

on the  Alaskan mainland. This s t r i k i n g  chemical c h a r a c t e r i s  t i c  of 

a group of i n t r u s i v e  bodies which a r e  scattered over a earrow b e l t  

s e v e r a l  hundred dies long would be very d i f f i c u l t  t o  explain i f  a 

pure ly  local '  process such as a s s i m i l a t i o n  were the aqtive mechanisn. 

t 

Origin of zoning 

The type of zoning seen at Granite  >Iountain and aG Cape 

Dezhnev i s  r e l a t i v e l y  rare but has been repor ted  at Loch Bosolan 

in Scotland (Shand, 1939) and a t  Red B i l l  i n  New Hampshire ( ~ u i n n ,  

1937). Among the  var ious  mechanisms proposed for the  origin of 

xoning from alkaline s i l ica-undersa tura ted  rocks t o  silica- . 

oversa tura ted  rocks are :  (1) contamination of a g r a n i t i c  magma by 

limestone a s s i m i l a t i o n  as ou t l ined  by Perohuk (1965), (2) separate 

i n t r u s i o n s  of magma d i f f e r e n t i a t e d  elsewhere (Quinn) , and (3) the 

early separa t ion  of l e u c i t e  as a controlling f a c t o r  in t h e  differ- 

e n t i a t i o n  of ayenitic magma (Bowen, 1928, p. 255) .  



Perchulcl s hypothesis has a l ready been commented on and 

thought t o  be an un l ike ly  mechanism f o r  the production of the 

zoning a t  Granite Mountain o r  a t  Cape Dezhnsv. The gradat ional  

con taa t s  between the  p lu tonic  u n i t s  toge ther  with the major and 

minor chemical t rends  i n  the  Grani te  Mountain pluton suggest t h a t  

the  var ious zones do not represent  separate i n t r u s i v e  u n i t s  as 

suggested by Quinn f o r  the  Red H i l l  complex. 

u 
The explanation for the  zoning a t  the Loch Borolan Lacco- 

l i t h  given by Bowen and discussed more r ecen t ly  by Fudal i  (1963) 

seems t o  be more compatible with field and petrographic ev'idence 

a t  Granite Mountain. Considering the  sys tern NaA1SiO4-KA1Si04-Si02 

(petrogenyls  r e s idua  system, f ig .  201, F u d a l i l s  d iscuss ion  goes as 

follows (p, 1116) : 

Consider a magma of o r i g i n a l  composition b which is  quietly 
d i f f e r e n t i a t i n g  a t  depth such that l e u c i t g  i s  removed from 
one p a r t  of the  magma and accumulates i n  another  p a r t  ( t h e  
a c t u a l  method of removal it3 unimportant). A s  the l s u c i t e  is 
removed from part of the  magma, the  remaining l i q u i d  follows 
an approximate f r a c t i o n a t i o n  curve t o  c .  A t  c ,  l e u c i t e  is  no 
longer removed and equilibrium conditiTns becrne dominant . 
There are now two mapas i n  the chauber--c and d. I f  the two - 
l i q u i d s  follow approximate equi l ibr ium c G v e s ,  the  f i n a l  
assemblage f o r  c w i l l  be fe ldspar  and quartz ,  and the final 
assemblage for 7 will be nepheline, feldspar, and l e u c i t e .  
This  is  the  shnTlest  case. Nore generally, seve ra l  zones with  
g rada t iona l  con tac t s  might develop by a similar process, 

The compositions of the Grani te  i4ountain suite have been 

p l o t t e d  i n  terms of petrogeny's r e s idua  system (~-1;s-Ne) a t  a 

pressure  of 1,008 bars in t he  presence of an aqueous vapor phase 

i n  figure 20 and a comparison of the compositional t rends  with the  

f r a c t i o n a t i o n  curves shows a rather c lose  relationship. The 



Figure.20. Analyses of the Granite Mountain pluton plotted on a 
diagram of the system nepheline-kalsilite-silica at a 
pressure of 1000 bars in the presence af an aqueous 
vapor phase (after Fudali, 1963, p. 1116). Arrows 
show fractional crystallization paths; numbers refer 
to analyses in table 9. M are minimums and R is 
a reaction point. 1.2.3 
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occurrence of t h e  large pseudoleuci te  phenocrysts i n  what appears 

t o  be the  o l d e s t  rock type i n  the  pluton certainly sugges ts  the 

Leucite was separated e a r l y  similar t o  t h e  experimental model, the 

pseudoleuci te  having formed by the subsol idus breakdown of l euc i te  

according t o  Fudali .  Luth (1967) has shown that f o r  bulk composi- 

t i o n s  i n i t i a l l y  prec ip i ta t iz lg  l e u c i t e  o r  potash feldspar i n  the  

system KA1Si04-Mg2Si04-H20, t he  jo in  ens t a t i t e -po tash  f e ldspa r  

vapor a t  P=2700 bars and i n  the  presence of an aqueous vapor phase 
.d 

remains a thermal b a r r i e r  as proposed by Yoder and T i l l e y  (1962). 

Liquids cannot pass over t h h  divide upon f r a c t i o n a l  c r y s t a l l i z a -  

t ion .  However, this thermal barrier may no t  be encountered i n  

water-undersaturated sys tems. Thus the gradat ion  at Granite  Noun- 

t a i n  from s i l ica-undersa tura ted  t o  oversaturated rocks might be 

compatible with the  experimental work of Luth i f  (I) the  pressure 

were l e s s  than  2.7 kb, o r  ( 2 )  i f  the magma were water-undersaturated. 

The p l o t t i n g  of s a l i c  normative components of rocks as 

mafic as some of the  analyzed a l k a l i n e  rocks (DI's as low as 52; 

t a b l e  9 )  can l e a d  t o  s e r i o u s  e r r o r s .  Also, the composition of the  

pseudoleuci te  porphyry (no. 8, fig. 20) is probably not t h e  compo- 

s i t i o n  of t he  o r i g i n a l  magma since i t  conta ins  t h e  large pseudo- 

l e u c i t e  phenocrysts. A b e t t e r  es t imate  of  t h e  o r i g i n a l  composition 

could be obtained by s u b t r a c t i n g  the composition of the  pseudoleu- 

c i t e  phenocrysts from the  composition of the  rock as a whole. This 

is  c u r r e n t l y  being done and will be repor ted  on at a later date.  

I n  s p i t e  of these  q u a l i f i c a t i o n s ,  the correspondence between 



t h e ~ r e t i c a l  f r a a t i o n a t i o n  curves and the composi t innal  t r end  of 

t h e  rocks i s  s t r i k i n g .  

A s  has been mentioned, Bowen o r i g i n a l l y  proposed t h i s  

process  t o  explain the zoning a t  t he  Loch Borolan Lacoolith i a  

narthwestern Scotland. The composition of the laccolith ranges 

from quarts syenite ( nardmarkite ) through syenit e to nepheline 

syen i t e  a t  t h e  base. Many of the  analyzed nepheline syenltes, 

p a r t i c u l a r l y  the  borolani tes ,  from thia body show K20/Na20 ratios 

g r e a t e r  than one ( T i l l e y ,  195h) and p l o t  i n  the primary leucite  

f i e l d .  These c h a r a c t e r i s t i c s  are a l s o  found a t  t h e  Cape Dezbnev 

masstf which is even more potassic than  Granite Mountain and a t  

the Red B i l l  i n t r u s i v e  i n  2Few Hanpehire. Allmline complexes sh~w;.. 

jjlg the  ty-pe of  z o n b g  discussed hers are rare occurrences,  There- 

f o r e ,  the  fact that four  ividely scattered alkaline compLexes with 

the  same zonation a l l  show a K20/Na20 ratio greater than one s u p  

gests t h a t  a requirement f o r  t h e  formation of complexes zoned from 

a l k a l i n e  rim t o  s i l i c i c  core i s  that the original magma be potass ic .  

D i f f e r e n t i a t i o n  i n  t he  Grani te  Nountain pluton appears to 

have proceeded from the alkaline t o  the  s i l i c i c  rocks. However, 

t h i s  di f f erent ia t ion  was apparently not  & situ since bath quarts 

monzonite and monzonite are i n  can tac t  with the  country rock. A 

possible explanation i s  a l a t e  pulsat ion of magma a t  a stage when 

the  inner part of the  pluton was sti l l  f l u i d .  .The rather abrupt  

change from a porphyrf t ic  t o  massive texture i n  the  outer  xo4e of 

monzonite supports  such an i n t e r p r e t a t i o n ,  
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R e ~ i o n a l  dis tr tbut ion  

The distribution and se t t ing  of the alkaline plutonic rocka 

in western Alaska is shown i n  figure 9. I t  i s  apparent that the 

alkaline rock8 occur i n  two quite different geologic terrains: 

(a) the Seward Peninsula platform-like province of thruat-faulted 

meCarnorphic and sedimentary rocks of Paleozoic and Precambrian age 

cut by Mesozoic plutons, and (b) the Yukon-Koyukuk volcanogenic 

province of  Mesozoic age. Formerly, i t  was thought that  alkaline 

rocks were confined to stable corrtiaental shield and platform areas 

(Backlund , .l932 ; Tilley, 195827; Bailey, 1964). Iiowaver, Zhabin 

(1959) pointed out the occurrence of an elkalias complex in the 

Ural geosyncline and s ta ted  that the f oTmVtioq of the intrusive i s  

clearly associated w%th the folding and geosyncli~almagmatiam. 

Zhabin thought i t  necessary to separate two types of carbonatite 

occurrence: (a) the platform type, associated with the complexes 

of ultrabasic-alkaline rocks, and (b) the geosynclinal type, asso- 

ciated with aUraPine complexes of aepheline syenites, the arigin 

of which is dependent on geosynclinal gagmatism. More recently , 
Barker (1969) i n  a study of more than 120 occurrences of  

feldapathaid-bearing rocks in North America, stated that only a 

third occurred i n  the stable cratonic areas. The remainder are 

located fn Phaneroaoic fo ld  belts. I 

Many invest igators  have suggested s t r u c h r a l  controls f o r  

the emplacement o f  a lka l ine  complexes and Heinrich (1966) gives a 



synopsis of these  suggestions.  Ginzburg (1962), f o r  example, has 

pointed out t h a t  the age of alkaline complexes near the edge of 

s h i e l d s  o r  platforms and the  age of the folded area thwt bouade 

the platform w e  commonly c lose .  According to  Ginzburg, marginal 

f a u l t  zones controlled t he  emplacement of platform alkal,&ne com- 

plexes and these f a u l t  zones are the  r e s u l t  of i n t ense  t e c t o n i c  

disturbances in the adjacent  geoayncline o r  folded area.  King and 

Sutherlaqd (1960) and Bailey (1961; 1964) among others  mantioa t he  

s p a t i a l  as~oc%ation of alkaline rocks with the African r i f t  system. 

Bai ley (1964, p. 1107), however, pointed out  t h a t  the  re lat ianship  

was not necessarily one o f  cause and e f f e c t  but t h a t  i t  was jw t  as 

l i k e l y  that "rif t ing and ma$matfsm a r e  both expregsions of a more 

fundamental process." I n  a study i n  eas t e rn  Canada, Kumarapeli 
9 I 

(1970) concluded t h a t  post-Ordavicaan tec tonic  activity along t he  

S t .  Lawrence rift syatem and the  magmatism of the  Nonteregian B i 1 I . s  

alkaline province are broadly s y n c h r o a a t ~ .  Miser (1934) and mate 

r e c e n t l y  Erickson and. Blade (1963) s t a t e  that the r eg iona l  belt of 

alkaline undersaturated rocks t h a t  extends from West Texas t a  

Central Wississippi lies with in  o r  near  the boundaries of t h e  

Quachi ta  geosyncline and this s t r u c t u r e  ac ted  as a zone of wsak- 

ness f o r  the emplacemegt of a l k a l i n e  rocks. 

The occurrence of the  western Alaska alkaline rocks in a 

belt which treads obliquely a c r o s s  the boundary between two geo- 

l o g i c  provinces with qu i t e  d i f f e r e n t  t ec ton ic  s t y l e  suggest6 a 

structural oontrol .  This boundary, though l a r g e l y  concealed 



beneath Quaternary basalt, has been mapped as a fau l t  over  mvch of 

its length (Patton, 1967) and Sainsbury (1969, p. 2595) s t a t e s  

that i t  i s  l o c a l l y  a thrust fault with metamorphosed Paleozoic car- 

bonate rocks thrust eastward over Cretaceous rocks. Although 

locally, or even extensively,  th ie  boundary may be 4 thrygt fault, 

9t probably represents a zone of major t ec ton ic  acCivity in t h i s  

part of Alaska and may have been a Bone of s t r u c t u ~ a l  weakness 

along which deep-seated alkaline magma was enplaced. 
..- 



LATE CHGTACEOUS PLUTONIC SUITE 

The Late Cretaceous s u i t e  of plutonic rocks forms the 

easternmost 80 miles of the  Hogatza plutonic b e l t .  The suite con- 

sists of t h r e e  l a rge  bodies, the  Zane Hills pluton, the Wheeler 

Creek pluton,  and the  Indian Mountain p lu ton ,  and t w o  smal le r  

masses a t  M t .  George and McLanes Creek ( p l a t e  1). Moffit o f  the 

f i e l d  work was done on t h e  t h e e  l a r g e r  bodies,  particularly t he  

first two, and the discussion to fol low w i l l  be concerned largely 

with t hese  plutons.  A petrographic summary of the  suite i s  con- 

tained in table 10. 

The Zane Hills, Indian Mountain, M t  . George, and Mchnes 

Creek plu tons  are  composed chiefly of granodior i te  and quartz 

monzonite with a similar co lo r ,  grain d s e ,  and tex ture .  The typ i -  . 
c a l  rock is light gray l eucoc ra t i c  , generally medium-graine d, 

hypidiomorphic and equigranular.  The Wheeler Creek rocks, however, 

are not iceably  d i f f e r e n t  in t e x t u r e  and grain s i z e  from t h e ' o t h e r  

. plutans.  They c o n s i s t  of coarse-graine d,  po rphyr i t i c  quar tz  mon- 

zoni te  and granod io r i t e  and a genera l ly  coarse-grained, a l l o t r i o -  

morphic granular a l a s k i t e  , 

Zane Hills and Wheeler Creek plutons 

General character 

The Zane   ills and Wheeler Creek plutons occur near t h e  

cen te r  of the  Hogatza p lu tonic  b e l t  and foru the  core of t he  Z w e  

H i l l s  and P u r c e l l  Mountains (plate 3 ) .  The plutons underlie areas 





of 180 and 270 square miles r e spec t ive ly ,  .and a r e  separated by 

andesit io country rock and alluvium. The plutonic rocks are pre- 

dominantly leaemcra t ic  granodior i te  and quartz  monzonite but inclu4a 

rocks ranging from hybrid d i o r i t e  and monzonite t o  a l a s k i t e  and 

a p l i t e .  The count ry  rocks a r e  c h i e f l y  andes i te  and dac i t e  and 

range i n  age f r o m  Early t o  Late Cretaceous. Three K / A ~  age deter -  

minations ( tab la  2 )  on the  p lu tonic  rocks range from 78 t o  82 m.y., 

i n d i c a t i n g  t h a t  %he plu tons  were emplaced i n  Late Cretaceous tfme. 

The.Zane Hills plu ton  is oomposed of four p r i n c i p a l  rock 

types  (plate 3) mapped on the basis of t ex tu re  and(or)  composition. 

These are granod io r i t e ,  comprising about 90 percent  of t he  p lu toa  

and subdivided i n t o  hornblende-bearing and hornblende-free varia- 

t i e s ,  a u d t  of f o l i a t e d  monzonite and hybrid diorite found Fn two 
I 

l o c a l i t i e s  along t h e  south and east s i d e e  of t he  pluton,  and por- 

p h y r i t i c  quartz monzonite and g ranod io r i t e  i d e n t i c a l  t o  t h a t  form- 

ing most of the  "Nheeler Creek pluton. T.he con tac t  between the  

g ranod io r i t e  u n i t s  is grada t iona l ;  contac ta  between the  o ther  vnita 

appear t o  be r e l a t i v e l y  sharp. Aplite  and a l a s k i t e  dikes are com- 

mon throughout the pluton, p a r t i c u l a r l y  near the con tac t s ,  bu t  have 

not been mapped separa te ly .  Locally these dikes have been in t ruded  

along j o in t s .  

The Wbeeler Creek pluton c o n s i s t s  of two  p r i n c i p a l  rock 

types: (1) coarse-grained porphyr i t i c  quartz rponzonite and grana- 

d i o r i t e  which u n d e r l i e s  about 240 square miles of t h e  pluton,  and 

(2)  coarse-grained alaskite which formq t he  west end of the plutoa 



and covers an a r e a  of about 30 square miles. Similar alaskite 

dikes c u t  t h e  porphyritic quar tz  monzonite and granodior i te  jndi- 

cating the a l a s k i t e  is the  younger. Autol i th ic  inc lus ions  up 

t o  several inches across  are common throughout the  porphyritic 

quartz monzonite, i n  c o n t r a e t  t o  the  granodior i te  of the Zane 

Bills. No obvioue f o l i a t i o n  and l i n e a t i o n  were observed i n  a i t h e ~  

the porphyritfc quar tz  monzonite o r  the a l a s k i t e .  

Both plutons a r e  discordant  bodies with sharp, s t e e p l y  

dipping con tac t s  except a t  the  nor th  end of the Zane Hills pluton 

where the con tac t  appears t o  s lope  gen t ly  northward. Thermal 

effects i.n the  andes i te  can be recognized up t o  a half  mile from 

t he  pluton. Bornbleade harnfels  faoies assemblages commonly ipclud- 

ing large hornblende porphyroblasts are t y p i c a l  of the  immediate 

contact zone. 

The plutonic  socks are me-- t o  coarse-grained and lack 

obvious flow structureis or l i n e a t i o n s  exc.ept i n  the f o l h t e d  mon- 

zonite and in the hornblende-biotite granodiorite of t he  Zane 

Hills pluton next  t o  the  country rock contact .  

The Shini l ikrok River volcanic complex ( p l a t e  3) is the 

youngest un i t  in t ruded by the  p lu tons  aad t he  K / A ~  ages suggest 

only a short t i m e  separated pre-pluton volcanism and i n t ~ v s i o o  of 

the  plutons.  Thf6 s h o r t  time i n t e r v a l  p l u s  similar compositionrjl 

and a close spatial r e l a t i o n s h i p  between the dacite and the quarts 

monzonite of the  Wheeler Creek pluton,  suggests t he  vo lcanic  com- 

plex was an early stage of the  Wheeler Creek magmatac epLeodec . i A! 



The a s s o c i a t i o n  of volcanic rocks with p lu tonic  ~ o ~ k s  sf 

the same general age and composition, toge ther  with many of the 

f e a t u r e s  mentioned above nee t many of Buddington! s (1959) criteria 

for plu tons  emplaced a t  r e l a t i v e l y  shallow depth i n  the epfzone. 

Petrography and cbemis t r y  

Granodiori te  of the  ~ a n e  Hills.--The southern half of the  

Zane B i l l s  pluton c o n s i s t s  of  l eucoc ra t i a  coarse-grabed  b i o t i t e  

granodior i te  and q u a r t s  m o ~ z o n i t e  with a hypidiomorphic equigranu- 

lap t ex tv re  (figs. 21 and 2 2 ) .  This massive, nonfol ia ted  rock is  

monotonously uniform ia composition over its e n t i r e  outcrop area. 

Average modas and the standard devie t ions  f o r  a l l  t he  plutoaio 

rocks are given i n  table 11; the  average of 36 stained slab modeg 

f a r  the  biotite granodior i te  is  28.7 prcent quartz ,  44.0 percant 

plagioclase, 21.5 percent  K-feldspar , and 5.9 percent mafia 

minerals ;  a granodiorite but  close t o  being a quartz monsanite, 

The plot of the fe ls ic  modal components shows a r e l a t i v e l y  t i g h t  

grouping around t h e  boundary between the  granodLorite and qusrtq 

monzonite fields (table 11). The homogeneity of the b i o t i t e  grano- 

diorite is also r e f l e c t e d  i n  the r e l a t i v e l y  small s tandard  devia- 

t ions  of the  va r ious  mineral components, 

The p lag ioc la se  i n  the  b i o t i t e  granodior i te  occurs as larm 

subhedral  c r y s t a l s  exh ib i t ing  well-developed o s c i l l a t o r y  z ~ n i n g  

throughout most of the  c r y s t a l  with a narrow r i m  of normally zoned 

material. Vance (1962) in a s tudy of zoning of igneous plagiwlqse 
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Figure 21, Ty?ic r t l  h:ind s?r s l z c ?  o Z b:io",i',e ;rrtrzntliorit@ fro?, 

t h  XCIRQ ::ill; s l u t o n .  

F i g u r e  22 .  I)ho"Lomicru;;r~?h o f  sbovc  ~ ; p ~ c i x e r ,  s5owkng  ;:oncd 
> i n g i o c l a s e  2nd <ranitic t u s z u r e .  



Table 11. Summary of modal data from the principal units of the Zane 
Hi l la  and Tdheeler Creek plutons. 

Maf ic NO. of Parameter Quartz Plagioc lase K- f eldspar analyae 

Biotite granodiorite 
(Zane IIills pluton) 

Avg 28.7 44.0 21.5 5 9 36 

Std. Dev. 3 -1 4.1 4.0 103 

Hornblende-biotite granodiorite Avg 21.2 48.8 17.1 - - 12.2 20 
(Zane H i l l s  pluton) 

Std. D ~ v .  6.4 5.6 4.2 4.2 . 
Hornblende-biotite quartz monzonite Avg. 18.9 43.1 23.1 14.9 37 

(Wheeler kreek pluton) 
Std. Dev, 4.2 4.4 5.6 4.4 



concluded that o s c i l l a t o r y  zoning formed in response t o  r ecu r ren t  

supersaturation o f  the  melt i n  a n o r t h i t e  ad jacent  t o  i n d i v i d u a l  

c r y s t a l s .  When the  melt became s a t u r a t e d  i n  v o l a t i l e s ,  a g i t a t i o n  

by the  escaping v o l a t i l e s  maintained a uniform me l t  composition 

equalizing rates of d i f fus ion  and c r y a t a l l i z a t i a n .  Such a process 

is  reflected i n  the normally zoned rims. The Pow rim t o  core  r a t i o  

i n  the  preeent case suggests that the  melt was saturated with vo1a-i 

t i l e s  only after most of the  plagioclase had c r y s t a l l i z e d .  The 

range of composition as  determined by e x t i n c t i o n  ang les  on albt te  

twins  i s  from about An t o  ( sodic  andesins t o  c a l c i c . o l i g o -  
35 

c l a s e ) .  Myrmekite is abundant a t  qontac ts  between plag5oclase and 

K-feldspar. Quartz forms large (up  t o  1 em) anhedra which show 

undulatory ex t inc t ion .  K-feldspar generally shows typical mioro- 

c l i n e  twinning and is  commonly perth i t i c ,  B i o t i t e  oacura as large 

euhedral  flakes with slight t o  moderate a l t e r a t i o n  to c h l o r i t e  and 

less commonly epidote . 
Most of t h e  northern h a l f  of the  pluton c o n s f s t s  of horn- 

blende-bio t i te  granodior i te .  The contac t  with the  biotite grano- 

d i o r i t e  was l oca ted  where hornblende c o n s t i t u t e s  more than 1 

percent  of the  rock ( p l a t e  3 ) .  I n  c o n t r a s t  t o  the compositionaUy 

homogeneous b i o t i t e  g ranod io r i t e ,  t h e  nor thern  p a r t  of the  pluton 

shows a gradational change i n  composition form south t o  north.  

The hornblende content gradual ly  inc reases  although i t  is gener- 

a l l y  l e s s  than b i o t i t e .  Quartz and K-feldspar decrease and plagio- 

c l a s e  and the t o t a l  mafic minera l  oontent  gradually increase .  Thg 



plagioclase i s  B l i g h t l y  more calcic , than i n  the biotite 

granod io r i t e ,  Rarely, and on ly  a t  the  e x t r e s e  northern end of the 

pluton ad jacen t  f o the andes i t e  country rock, r e l i c t  clinopyroxene 

co res  i n  hornblende are observed, The average mode of the hors- 

b l e n d e - b i o t i t e  granodiorite ( t a b l e  11) is 21 percent  quartz ,  49 

percent  p lag ioc lase ,  17 percent K-feldspar, and 12  percent  mafio 

minerals ,  The modes a11 p l o t  i n  the granodior i te  f i e l d  ( t a b l e  10) 

and show a g rea te r  s c a t t e r  than the  b i o t i t e  g ranod io r i t e  modea. 

This s c a t t e r  i s  also r e f l e c t e d  i n  the standard dev ia t ions  ( t e b l e  ll). 

A change i n  gra in  size also occura ac ross  t h e  northern pare  

of the pluton. The grain size decreases  t o  the north azld the 

hornblende-biot i te  g r a n ~ d i o r i t a  is  fine- to medium-grained i n  

contrast  t o  the genera l ly  soarse-grained b i o t i t e  graaodior&te,  

Rapid rock chemical analyses of seven samples of grano- T 

diorits from the  Zane H i l l s  pluton are shown i n  table 12. Speoi- 

mens 1, 2 ,  and 3 are from the  b i o t i t e  g ranod io r i t e  gad have modes 

c lose  t o  the  average mode of the  b i o t i t e  granod io r i t e ;  since t he  

standard deviations of the modes i n  t a b l e  11 are r e l a t i v e l y  small, 

t h e  average of the  analyses o f  these th ree  specimens is  thoueht t o  

be c lose  t o  t he  average chemical composi t i~n of the unit. T h i s  

average compared t o  Iiockolda' (1954) average of 36 b i o t i t e  grano- 

d i o r i t e  ana lyses  (table U) has less FeO, MgO, and CaO and somewhat 

g r e a t e r  S i 0 2 .  These d i f f e r e n c e s  are probably due t o  the low oontelit 

of m a f i c  minerals  i n  t he  b i o t i t e  g r a n o d i o ~ i t e  of the Zaae H i l l s ,  



Table 12. Chemical data for the Late Cretaceous plutonic suite, west-central Alaska 

Rapid rock chemical analyses (weight percent) 

Shinilikrok R. 
Zaoe Ri l l s  pluton Wheeler Creek pluton volcanic complex Indian Mfn. pluton and s a t e l l i t i c  dikes 

1 2  3 4 5 6 7 8 1 9  LO 11 12 13 1 4 1 1 5  16 1 1 7  l a  19 20 21 22 

SiOZ 

%O3 

Fe203 
FeO 

MgO 
CaO 

Na20 

K2° 

Hzo- 
n20+ 

Ti02 

'2'5 
xno 

c02 

Sum 

B 

Ba 

Be 

Ce 

Co 

Cr 

Cu 

Ga 

La 

Nb 

Ni 

Pb 

SC 

s r  

'I 

Y 

Yb 

Zr 

65.8 61.1 67.2 65.6 64.9 64.6 63.3 77.4 

15.6 19.0 15.2 15.4 16.2 16.0 15.6 12.1 

1.1 1.7 1.6 1.7 1.9 1.7 2.3 .60 

2.3 1.6 1.6 1.9 1.8 1.9 2.4 .26 

1.9 .83 1.7 2.3 2.1 2.0 3.0 .09 

3.6 2.8 3.3 3.7 3.8 3.8 4.4 .49 

4.2 5.3 3.8 3.5 3.5 3.9 3.7 4.1 

3.6 6.3 3.7 3.2 3.9 3.2 2 0  3.8 

. Ib .06 1 .33 -11 .44 .11 .02 

.33 .67 -60 .71 .62 1.4 .89 .35 

.58 .39 .47 .49 -53 -34 -65 .14 

.33 -16 .24 .35 .31 .29 .39 0.0 

.13 .07 .04 .10 .ll .07 .09 .05 

c.05 c.05 c.05 c.05 c.05 c.05 c.05 r.05 

100 100 100 99 100 100 100 99 

Semiquantf ta t fve spectrographic analyses (ppm) 

0 0 0 0 0 0 1 0 1 5  

3000 1500 2000 1500 2000 2000 2000 200 

0 3 0 1 . 5  0 0 2 5 

200 200 0 100 150 0 100 0 

10 7 10 15 10 10 20 0 

30 10 70 50 50 70 70 0 

15 20 50 70 15 20 30 4 

20 20 15 15 20 15 20 0 

100 150 70 70 100 70 70 0 

10 20 7 15 13 10 15 50 

30 7 50 50 30 50 70 0 

50 70 20 30 30 50 30 50 

7 50 7 10 10 10 15 0 

1500 lDOO 700 1500 1500 1000 1500 500 

70 100 150 100 70 100 150 10 

10 30 10 20 15 15 20 20 

1 2 1.5 1.5 1.5 1.5 2 2 

la0 200 100 100 100 100 200 150 

Avg. b io t i t e  
granodiorite 

(Blockolds. 1954) 

60.97 

15.47 

1-12 

2.05 

1.15 

2.99 

3.69 

3.16 
- 

.70 

.45 

.I9 

.06 

(36 analyses) 

Avg. bio t i t e  
granodiorite of 

m e  Bi l l s  pluton 

71.4 

15.0 

1.2 

0.9 

-67 

2.3 

3.8 

3.3 

.03 

.51 

.25 

.10 

.05 

-03 

Looked for  but not Emmd: Ag, Sn, W 
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Specbeens 5 ,  61 and 7 are of hornblende-biotite g ranod io r i t e  

from the  nor thern  p a r t  of  the  pluton. Modal hornblende i n  thesa 

rocks ranges from 2 t o  8 percent  and %he t o t a l  mafic minerals from 

8 t o  14 percent ( t a b l e  12). Vith r e spec t  t o  the biotite grana- 

d l o r i t e  these  nodal percentage6 are r e f l e c t e d  i n  lower S i O a  and 

bigher  FeO, IflgO, and CaO i n  the  hornblende-biot i te  granodior f t s .  

The compositional and t e x t u r ~ l  zoning i n  the  p lu ton  is so 

gradual t h a t  i t  does not seem likely t h a t  i t  i s  due t o  separate 

intrusions. The lack of concent r ic  zoning i n d i c a t e s  t h a t  the  . 
zoning is not  due t o  cooling of an i n t r u s i o n  from the  walls toward 

t he  center .  I f  thb  p lu toa  i e  considered i n  cross-sect ionl  however, 

a poss ib le  explanation i s  seen f o r  the  la teral  zoning. The map 

p a t t e r n  i n  the nor thern  part of t h e  pluton.shows t h a t  t h e  con tac t  

slopes a t  a moderate angle to  t h e  no r th  ( p l a t e  3) and the  e x t e n t  of 

thermally metamorphosed country rock north of the p lu tan  sugges ts  

t h a t  a considerable p a r t  of t h e  northern Zane Kills'is under la in  

by p lu tonic  rocks a t  no g r e a t  depth. This area a l s o  has numerous 

su l f ide -bea r ing  quartz veins and hypabyssal porphyr i t ic  i n t r u s i v e 6  

(MiXler and Perrians, 1968). The plufon thus appears t o  have an 

asymmetric prof i l e  along a northwest-southeast s e c t i o n  as ind icated 

i n  p l a t e  3. Since t he  g ranod io r i t e  gradual ly becomes more maflc 

and fine-grained towards the northern contact, it would appear that 

the p lu ton  cooled grad~a2ly from the  top. The ,roof zone of the 

plu ton  may well have been s l i g h t l y  oontaminated by andesfte country 

rock, but  the  lack of country rock inclusions suggests any major 



asairnilation took place a t  greater depth gnd ~ e a o t $ , o n  between 

magma and country rock was complete prior t o  the mapa reachbg  

i t s  preaent l e v e l .  The s l i g h t l y  more mafic mama of the roof zone 

crys ta l l i zed  at a more rapid rate than the under'lying magma, 

resulting ie the finer grained hornblende-biotite granodiorite.  

Monzonite of the Zane Hills pluton*--Two small bodies of 

porphyritic ( f i g .  23) to g n e i s s i c  monzoaite occur along the south 

and saat  sides of the Zane H i l l s  P ~ U ~ Q ~ D  The u n i t  i s  hetero- 

genegvs i n  composition, texture, and grain s i z e  and wa4 mapped on 

this basis since the adjacent granodiorite is  typically massive . 

and equigr&ular. The contact with the granodlorite is abrugf but,  

owing to  the poor outcrop, mutual relatioashPps are not known. Tbe 

contact between rnonzonite and country rock i s  n o t  as  abrupt as 

country rock contacts elsewhere i n  the pluton but, rather, i s  

marked by a zone of andeaitic hornfels  and contact schists mllxed 

with mesocratic monzonite that is as wide as several hundred yards, 

The monzonite a t  the south end of the pluton includss large areas 

of  hybrid d i o r i t e  thought t o  have formed by assinilation, of ande- 

site country rock. 

K-feldspar in the monxonite typically occurs as $arge (up 

to 3 inch) euhedral t o  subhedral p h e a ~ c r y s t s  of  g e r t h f t k o  micro- 

c l i n e  ( f ig .  24) conmonlg including separate a l b i t e  grains. Plagiq- 

clase occurs as unzoned anhedral of oligoclase ( A q o  25 - ) although 

a few r e l i c t ( ? )  grains o f  andesine ( ~ 1 3 ~ ~ 1  were aleo loung. Quart. 

i 8  usually minor and i n t e r s t i t i a l .  Hornblende is the most common 



-. . F i g u r e  27,  >or?>.;;rktlc .- ,on-,onit .  or' t5.2 z n ~ t :  .-;l;lr; : j l u t ~ n :  
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mafic mineral and appears t o  be a n  i r o n  and alkali-rich variety. 

Diopsidic a u g i t e  occurs comrnonly as s c a t  tere,d euhedra and as 

r e l i c s  in hornblende; b i o t i t e  i s  r e l a t i v e l y  rare, 

The t e x t u r e  of the monzonite ranges from porphyritic t o  

gneissic a l l o t ~ i o m o r p h i c  granular ,  The phenocrysts q re  microcl ine 

and p e r t h i t e  and range from large tabular euhedra t o  subhedra with 

ragged edgee. In the more gne i s s i c  rocks,  the' groundmass is a 

mosaic of granula ted  f e ldspa r  and quar tz  anhedra. 

The hybrid d i o r i t e  in t h i s  u n i t  probably formed by assimila- 

tjon of andesite country sock, However, the abundance of X-feldspar, 

p a r t i c u l a r l y  i n  large phenocrysts,  toge ther  with many of the  tex- 

t u r a l  f e a t u r e s  descr ibed  above suggest  potaesium metasomatism. 

This  metasomatism a f f e c t e d  not  only t h e  i n t r u s i v e  rock b u t  also, 

a t  l e a s t  l o c a l l y ,  the andeei te ,  aa shown by the  eporadic occurrence 
' 

of l a r g e  K-feldspar porphyroblasts  i n  the  l a t t e r ,  

The presence of both planar f l o w . s t r u c t u r e s  and crushing 

f e a t u r e s  sugges ts  the, monzoni t e  was deformed during the las t  

stages of c r y s t a l l i z a t i o n ,  The potassium metasomatism took place 

somewhat e a r l i e r ,  judging from the  deformation of some of the  K- 

f e ldspa r  phenocrysts. Mutual r e l a t i o n s h i p s  between g ranod io r i t e  and 

monzonite are not  known; however, a p l i t e  dikes a r e  common i n  both 

u n i t s .  These a p l i t e  and a l a s k i t e  dikes may have been der ived  from 

a r e s i d u a l  g r a n i t i c  magma f r a c t i o n  after the  emplacement of the 

g ranod io r i t e  magma ad jacen t  t o  the  monzonite. 



A chemical analysis of a t y p i c a l  monzonite (no. 8,  t a b l e  12) 

r e f l e c t s  the  lower qua r t z  and higher a l k a l i  f e l d s s a r  content as 

compared t o  t h e  g ranod io r i t e .  S i 0 2  is lower i n  t h e  monzonite and 

K20 is about twice t h a t  of the  g ranod io r i t e ;  la20 and A l  0 are 
2 3 

a l s o  noticeably g r e a t e r  than the  g ranod io r i t e .  

An i n t e r e s t i n g  feature of  t h e  monzonite i s  i ts  high radio- 

a c t i v i t y  r e l a t i v e  t o  the surrounding rocks.  A hand-held s c i n t i l -  

lometer survey showed t h a t  t he  r a d i o a c t i v i t y  of the monzordte was 

generally 5 t o  10 times greater than t h a t  of t h e  granodior i t s .  

Attempts to locate the radioactive mineral(s1 i n  thin s e c t i o n  and 

by mineral  s epa ra t ion  were unsuccessful ,  At the suggestion of 

C,  W. Naeser, a t h i n  s e c t i o n  of aa analyzed rnonzonlke sample con- 

t a i n i n g  20 ppm uranium (5 t o  6 times higher than average granitic 

rocks ;  Smith, 1963; Green, 1959) was exposed t o  a thermal neutron 

beam i n  a r e a c t o r  t o  cause the  f i s s i o n  of The f l ~ s i o n  events 

were recorded in a piece of lexan which covered t h e  section. Coxa- 

parison of the  t h i n  s e c t i o n  with the intensity of f i s s i on  tracks 

i n  t h e  lexan  showed t he  uranium t o  be concentrated in very s m a l l  

grains o f . a n  isotropic mineral of high r e l i e f .  The mineral is dis- 

seminated as an  accessory mineral  and has a euhedral cubic-like 

c r y s t a l  form. The presence of anomalous amounts of thorium (200 

ppm) i n  a panned concent ra te  from Caribou Creek ( p l a t e  3) which 

drains t he  monzonite ( ~ i l l e r  and Fe r r i ans ,  1968) suggests t h a t  

t h i s  mineral may be uranothor ian i te .  



,--Dikes and small 

bodies o f  a p l i t e  and alaskite occur throughout the pluton but are 

particularly common near the contacts and i n  the monzonite. Black 

tourmaline i s  a common constituent, p a r t i c u l a r l y  in a p l l t e  cutting 

the rnonxonite; locally it c o n s t i t u t e s  as much ao 10 percent of a 

hand-sized specimen. Much less common a r e  pink garnet euhedra 

which occur in some of the alaskite; t h e s e  are prqbably spessartioe- 

almaadi tee.  

The a p l i t a  has i t s  characteristic sugary texture whiXe the 

alaskite i s  coarser grained with a wide range in grain size an4 

degree of crystallinity. Pegmatite-lLke lenses and pods ocpur 

looally in both rock types.. Granophyre showing a very wal&- 

developed long cvneiforn quartz lenses i n  either K-feldspar or 

alb i te  i s  common i n  t h e  alaskite. 

The alaskite o f  the Zane Hills does not aontain the black 

smoky quartz anhedra characteristic of the alaskite of the ' i lhee le~  

Creek pluton. 

Porphyritic quartz monzonite and granodiorite of :rlheeler 

Creek p1uton.--Most of the idheeler Creek pluton is  composed of por- 

phyrit ic  quartz nonzoaite and granodiorite, with prominent white , 

euhedral plagioclase phenocrysts up to 2 cm long ( f i g .  25). 

Smaller pink K-feldspar and gray quartz anhedra are also readily 

observed i n  hand specimen t o g @  ther w i t h  abundant honnblende and 

b i o t i t e .  The rock is  medim- t o  c o a r s e - ~ r d n e d  with a uniform non- 

oriented porphyritic texture. The average mode of 38 analyses 





( t a b l e  11) is 18.8 percent  quartz, 44 percent plagioc lase ,  23 per- 

c e n t  K-feldspar, and 16 percent mafic minerals. The average 

composition is a quartz monzonite b u t  the  composition of the  u n i t  

ranges over a considerable po r t ion  of both the  quar tz  mopzonite and 

g ranod io r i t e  fields ( t a b l e  10). The sample density of t h i s  unit is 

low, about half  t h a t  of the Zane H i l l s  pluton, However, t he  modal 

p l o t  ( t a b l e  10) shows a f a i r l y  well defined linear trend, a t  least  

p a r t  of which represents a change i n  composition t h a t  appears t o  
.# 

take place across t he  p lu ton  from e a s t  t o  west. The easternmost 

rocks of this u n i t ,  including those i n  the northweot corneF of the 

Zane U i l X s  pluton, have a high maPic content ,  up t o  26 percent and 

quartz i s  as low as 14 percent .  The mafic content  decreases  east- 

ward and the quartz content  increases; the  change appears t o  be 

gradational. The loweat mafic content and the  h ighes t  qua r t5  con- 

t e n t  occur adjacent t o  the alaskite a t  the  west end of the pluton. 

The con tac t  between these u n i t s  is  not ,  however, gradat ional .  

The l a rge  euhedral  phenocrys ts of p l a ~ i o c l a s e  show s t r o n g  

o s c i l l a t o r y  zoning ( f i g .  26) and a compositional range from An 45 
to  An (calcic t o  sodic andeshe)  f o r  much of an indiv idual  crys- 

33 
tal and cornpositions as low as Anz8 (calcic oligoclase) for the 

narrow r i m s .  The K-feldspar is  subhedral  t o  anhedral and p e r t h i t i c ;  

grid-twinning, i n  c o n t r a s t  t o  t h e  g ranod io r i t e  of the  Zane B i l U ,  

is  rare. quartz  i s  subhedral and i n t e r s t i t i a l .  Hornblende and 

b i o t i t e  are the varietal maflc minerals, hornblende gelrerally beiag 

about twice as abundant as b i o t i t e .  



Chemical analyses  were obtained on f i v e  samples from t h i s  

u n i t  ( t a b l e  12) whose modes c l u s t e r  near the  average mode of the 

u n i t .  Comparison of these five specimens w i t h  Nockolds (1354) 

average of 65 hornblende-biot i te  g ranod io r i t e s  shows a f a i r l y  close 

agreement. Compared t o  the  g raaod io r i t e  of  the Zana H S l l s ,  the 

I 

Wheeler Creek rocks are not iceably  poorer i n  SiOZ, and r i c h e r  i n  

FeZQ3, FeO, Ma, and CaO. This  is t o  be expected from the modal 

d i f f e rences  between the  two u n i t s .  

The a r e a  under la in  by the  pluton declines i n  e l e v a t i o n  fraq 

west t o  east  and the  pendant-like na tu re  of the andesite near 

Fidget  on the east side of the pluton suggests that the  roof of 

the eastern p a r t  of the  pluton was a t  a lower e l e v a t i o n  than i n  

t he  west. The i n d i c a t e d  zoning i n  the quar tz  monzonite of the 

Wheeler Creek pluton is  similar t o  that described f o r  the  Zane 

E i l l s  pluton and perhaps was a l s o  caused by cantamination. 

A lask i t e  of the  Wheeler Creek p1uton.--Coarse-grained 

alaskite u n d e r l i e s  the west end of t he  Wheeler Creek p lu ton  ( p l a t e  

3) and i n t r u d e s  rocks  r ang ins  from Lower Cretaceous a n d e s i t i c  

volcanic8 t o  the  Upper Cretaceous d a c i t i c  hypabyssal rocks. Alas-  

k i t e  outcrops are cha rac te r i zed  by rounded pink-colored hille with 

l i t t l e  vegeta t ion  and a mantle of grua. The a l a s k i t e  i t s e l f '  is 

cha rac te r i zed  megascopically by large (up t o  1 cm) black smoky 

quar tz  anhedra i n  a s e t t i n g  of pink feldspar aghedra ( f i g .  27). 

The rock is  c h a r a c t e r i s t i c a l l y  coarse-grained with an a l lo t r iomor-  

phic granular  tex ture .  The abundance of the smoky quar tz  
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Figure  27, A l a s k i t e  of t h e  : *ee lar  <reek p l u t o n ;  b lack  

~.nfledraL ; ra ins  are  ~;mal;y qunstz, 

Figure 28. J?hotoxicro~:aph of a1as:rite af  tlie Xizceler ;;seek 
p l u t o n  s h o w i n g  abundan t  p e r t h i t c  (12Xj. 



dist inguishes this unit  from the minor alaskite and aplite dikes 

that l o c a l l y  cut  the Bane B i l l s  pluton. The rock ia generally a 

true alaskite, with less than 1 percent mafic minerals, although 

l o c a l l y  the mafic content reaches as much as 8 percent near  the 

contact and i n  the alaskite dikes cutt ing the quartz monzonite- 

granodiorite t o  the east. 

The K-f eldspar is typically "patch1' per thate and generally 

forms subhedral grains ( f i g .  2 8 ) .  Plagioalase occurs as auhedra 

with weak normal zoning; the composition is As8 - (a lbi te-  

o l igoc lase ) .  Quartz occurs as large anhedra with undulatory 

ext inct ion.  B io t i te  i s  the principal  mafic mineral but  hornblende 

is present locally near country contacts .  

A cheaical  analysis of a lask i te  i s  given i n  table  10 and 

shows the felsic nature of the rock. A striking difference 

between the norm and mode o f  the analyzed sample i s  the r e l a t i v e  

content of ~ - f e l d s ~ a r  and plagioclase.  The norm shows more plagio- 

c lase  and l e s s  K-feldspar than the mode. The reason for t h i s  is  

probably s o l i d  so lut ion of a l b i t e  i n  K-feldspar; many alkali feld- 

spar grains contain from a third to a half exsolved a l b i t e .  On 

stained s lab  surfaces these alkali  feldspar grains were counted as 

K - f  eldspar . 
McLanes Creek pluton 

This pluton is very poorly exposed in a heavi ly  wooded and 

alluvium-covered area just  above the floodplain of the Hogatza 



River about 20 miles east of t h e  Zane I l i l l s  ( p l a t e  1). Access 

even by h e l i c o p t e r  was poss ib le  i n  on ly  two places. Samples 

c o l l e c t e d  from these s t a t i o n s  were l e u e o e r a t i c  medium-grained 

hornblende-biot i te  g ranod io r i t e  similar t o  t h a t  of the northern 

Zane H i l l s  and Indian Mountain plutons.  

Indian Mountain and M t o  George plutons and 
related hypabyssal rocks 

General cha rac te r  

The Indian  Mountain p lu ton  under l i e s  an area of aboyt 80 

square mi l e s  east of  the  Koyukuk Rives (plate 5)  and forms the 

southern half of the Indian  Mountains. Less f i e l d  work has been 

done on t h i s  p lu ton  than on the  Zane H i k l s  and Wheeler Creek plu- 

tons; however, reconnaissance mapping i n d i c a t e s  t h a t  the  pluton 

c o n s i s t s  c h i e f l y  of hornblende-biot i te  granodior i te .  It intrudes 

rocks as young as Late Cretaceous and a K/Ar age of 81,5 m,y. 

( t a b l e  2) has been obtained on hornblende from t h i s  pluton,  The 

country sock c o n t a c t s  are sharp and s t e e p l y  dipping. The p lu ton  

is surrounded by' a r e s i s t a n t  r i m  of con tac t  ho rn fe l s ,  and a meta- 

morphic aureole  extends as far  as a mile from the coneact i n  places. 

I n  general ,  hornblende horn fe l s  f a c i e s  assemblages a r e  found i n  

the  immediate contac t  zone; however, the occurrence of a 

hypersthene-cordierite-biotite assemblage i n  n e t a t u f f  a t  the  souhh 

'end of the pluton i n d i c a t e s  t h a t  a higher metamorphic grade waa 

reached l o c a l l y .  ~ o u r m a l h e - b e a r i n g  a p l i t e  dikes are  common 



c u t t i n g  t h e  pluton and the  immediate country rock, The rather 

irregular map p a t t e r n  of the  Indian  Mountain pluton with its 

numerous r e -en t ran t s  suggests  t h e  p lu toa  has a roof  with consid- 

e rab le  r e l i e f ,  similar t o  t h e  Zane $%lls and Wheeler Creek plutona,+ 

The Mt. George pluton is  located at  the  north end of the 

Indian Mountains; i t  has been v i s i t e d  only b r i e f l y  and the few 

samples collected were s i m i l a ~  t o  the  granodioriCe of the Indian 

Etountain pluton. The graywacke asd mudstone of l a t e  Early Crsta- 

ceous (klbfan) age between the two pluCons i s  s t rong ly  indurated 

t o  h o r n f s l s  and is c u t  by numerous small i n t r u s i v e  bodies w d  

dFkes suggesting t h a t  the area i s  under la in  a t  no g r e a t  deptb by 

plutonic rocks. 

A swarm of d a c i t e  and qua r t z  latite.dikes surrounds the 

p lu ton  for  a distance of up t o  10 miles. These hypabyssal intra- 

s ives  a r e  generally less than 100 feet t h i c k  and are particularxy 

common nor th  and west of the pluton. Tbe dikes a r e ' l o c a l l y  cross- 

c u t t u g  ind$cat ing more t h a n o n a  period of activity, The mapped 

dikes shown on p l a t e  5 represent  only some o f  t he  many dikes i n  

the  area. 

Petrography and chemistry 

Eornbleade-biotite granodior i te  forms most of the  Indian 

Mountain plu ton  and i s  typically a l eucoc ra t i c  , m e  dim-grained 

'massive rock with  a hypidiornorphic, e q u i g r m u l a r  tex ture .  Plagio- 
7 

clase occura as euhedra exhibiting both o s c i l l a t o r y  and normal 



zoning with a Inw rimfaore ratio. The compositisn ranges Prom 

cores as calcic as An (calcic andesine) t o  rims of An (ca lc i c  
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oligoclase) .  K-feldspar is  typical ly  perthite  and anhedral; very 

little twinned microcline was observed. Quartz iis i n t e r s t i t i a l  

and anhedral. Hornblende and b i o t i t e  are the var ie ta l  maffc 

minera 18. 

The hypabyseal rocks surrounding the pluton are chiefly . 

medium-grained porphyrit%c dacite and quartz lat i te .  Phenacpysts 

are usually plagioolerse with strong oecillatory 60-g an4 a compo- 

s i t i o n  as c a l c i c  as labradorite (An60); groundmase plagioclase is 

somewhat more sodic. In places, the phenoorysta show resorptgon 

features . Hornblende and biotite occur aa smaller phsnocrys ts 

commonly partly altered to chlorf te  and epidote.  Clinopyroxene 

occurs i n  eome of the more mafic var ie t i e s .  Quartz and K-feldspar 

are generally oonfined to the aphanltic groundmass. 

Plutonic rocka were not  observed $radLng i n t o  the hypabyssal 

porphyries nor were the l a t t e r  observed cutting the pluton. Rather, 

the pluton appears to have cut across the hypabyasal swarm aad to  

be a t  least eomewhat younger. The dikes and sills aRpaar t o  have 

been concentrated above the roof of the plutoa and ware cut  by 

large-scale emplacement of the magma.  A smaller but similar swarm 

of porphyritic intrusions occurs i n  the Sun Mountain (plate I) 

area 20 msles to  the 8outhweat. These intru~igns i n t w d e  thermally 

metamorphosed andesite thought to  averl ie  a concealed pluton +t ng 

great  depth ( ~ i l l e r  and Ferrians, 1968, p. 6 ) .  



Chemic~P analyses were obtained on two typical  granodioritas 

(table 12; nos. 17 and 18), on two of the s a t e l l i t i c  d a c i t i c  dikes 

(nos.  21 and 221, and on two quartz moazonitee with more varAable 

composition (nos. 19 and 20). The grmodiorftes and daci tss baye 

very similar conpositions except for a higher H20 content in the 

dacite. Compared with Nockolds (1954) average granoaorite and 

with the Zane H i l l s  rocks, the granodiarite in this body has higher 

CaO and much lower K20. Sample 19 i s  from a slightly contaminated 
., 

rock near the contact and has la we^ S i O  Sample 20 i s  from a 2. 

group of small pinnacles protruding above the g s n e r ~ l  aurfaoe in 

the southern part of tQe pluton and is thought to be a l a t e  f s ls ic  

member of the pluton. 



PETROGMPHIC AND CHENXCAL SWIMARY OF 

THE PLUTONIC ROCKS 

The mid-Cretaceous plutonic rocks show a wide range in comw 

position both i n  the suite as a whole and in Andividugl plutoas. 

The most common rock type f a  saturated syeni te  and monzonite but 

oversaturated quartz mon7;onite makes up a large part of the 

exposed plutonic rocks and the sui te  includes potaasic s u b s i l i c i c  

The compasitional range i s  shows i n  figure 29 by a plot of 

the modal q u a ~ t z ,  Kcfeldspar, and plagfoalase~of the granltig 

rocks of the su i te .  tlon%onites, s y e a t a s ,  syenodiorites, quartz 

monzonites, and grazlodior$t9s a$@ a l l  present but low quarts ((10 

percent) and K-feldspar rioh rocks 035 percent) are the m ~ s t  @bun- 

daqt. It  should be remembered that  the sampling density is not 

uniform fsr the various plutons i n  the su i te  and tbis b i a s  i a  

reflected in the distributSoq; however, *he plot shown here i s  

Cbought to be representative. 

A p l o t  of the normative salic components (fig. 30) for the 

granitic roqks show a distributfon and concentratLon similar t o  

the modal p l o t  although not extending as far toward the orthoclase 

apex. Again, the majority of roaks shows a low quartz c ~ n t e s t  and 

a relatively high orthoclase content. 

The range ~f composition for the entire * m i t e  including 

both oversaturated and undersaturated roaks i s  shown i n  figure 31 

where Si02 is plotted against the Thornton-Tuttle (1960) 



Figure 2 9 ,  Modal ana!ly$es of  the grqnitfc rscks of the mid-Crefaceous suite  
qnd of the Zane Hills and \heeler Creek pletoqs of  the Late Cre- 
taceous suits; dashed l ine represents range of modal analys~s 
from the east-central Sierra Nevada bathol i th  (from Bateman and 
others, 1963) .  s 



. Figure 30. Comparison of the normative trends of the granitic rocks 
of west-central Alaska (i, Late Cretacenus suite; +, mid- 
Cretaceous su i te )  with granitic rocks from the east -  
central Sierra Nevada batholith (o; Batman and others, ' 

1963). ". . 

Figure 31. SiO plotted against Thorton-Tuttle differentiation index for the 
rocks of west-central Alaska: +, Late Cretaceous suite; 

. o,  mid-Crefaceous granit ic  rocks ; w , mid-Cretaceous alkaline rocks. 
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differentiation index f o r  a l l  analyzed samples i n  the s u i t e .  Most 

of the  g r a n i t i c  rocks do indeed p l o t  i n  the  s a t u r a t e d  p a r t  of the 

diagram and only a few p l o t  i n  the  undersaturated pa r t .  

The rocks of the  suite range from leucoc ra t i c  t o  mesacratio 

and the co lo r  index ranges from 6 t o  45. The ch ie f  mafic minerals  

are hornblende and clinopyroxene; b i o t i t e  i s  eenerally leas common. 

The fabric shows ae much v a r i a b i l i t y  as the  compos$tlon. 

Planar  w flow structures and porphyr i t i c ,  t rachyto id ,  and gneissoid 

t e r t u r e e  a r e  common, p a r t i c u l a r l y  i n  the weetern plutons and i n  .the 

alkaline rocks, and the grain size ranges from f i n e  t o  aoarse.  

The Late Cretaaeous s u i t e  i s  much more homogeneous i n  both 

composition and t ex tu re  than the mid-Cretaceous s u i t e .  Ind iv idua l  

p lu tons  show some oompositional zoning b u t . t h e  range i s  no t  great. 
1 

Granodiori te  and quar tz  monzonite are the ch le f  rock types  buf 

alaslcite, rnonaonite, and hybrid d i o r i t e  occur locally. Quarts . 

diorite and mafic end members commonly found i n  o the r  ca lc-a lka l ine  

s u i t e s  are not present .  

A p l o t  of. t he  modal quar tz ,  K-feldspar, and plagioclaee i s  

shown i n  figure 29 and shows the  abundance of gsanocUo.rite and 

quartz monzonite. The modal composition of the granodiorite and 

quar tz  monzonite i n  the two l a r g e s t  plutons of the s u i t e ,  t he  Zane 

Hills and Wheeler Creek plutons a r e  compared with another  calc- 

alkaline sai t e ,  the eab t - c e n t r a l  S ie r ran  Nevada b a t h o l i t h  (Bateman 

and others ,  1963). The twp su i tes  show similar trends and cover 

much the same f2e ld .  



A 'plot of the normative salic components (fig. 30) shows 

the analyzed specimens t o  be mostly granodiorita; oompared t o  the 

east-central Sierra Nevada rocks, they have somewfiat more quartz 

and l e s ~  orthoclase but the trenda are similar. Aa Alk-F-M plot 

(gig. 32) of the plutonic rocks of the two areas &ow5 they have 

similar trenda but the Alaskan rocks show less iron than the 

Sierran rocks and Nockolds (1954) average ca2c-alkaline suite .  

The plutonic rocks of the Late Cret~ceous s u t e  aye typi-  

c a l l y  leucocratie with a color index generally under 10. Biot5ta 

and hornblende are the chief aafic m%nerals; pnoxene is rare 

except i n  the monzonile and hybrid diorite o f  the Bane H i l l s  pluton, 

The Late Crqtaceoua plutonic rocks are typically structure- 

' less; only the monzonite of the Zana Hil l s .p lu top  shows an ariented 

fabric ranging from a planar flow atructure t o  gneissold. Most of ! 

the plutonic rocks are medium-grained, masstve, and generally 

hypidiomorphic granular with the exception of the quartz monxonita 

of the Wheeler Creek pluton which is characteristically parphyrit;ic. 

Both s u i t e s  af plutona character is t ioa l ly  show sharp con- 

tacts with the country rook and 'have s a t e l l i t i c  dikes and sills 

extending out i n t o  i t .  These country rocks, chiefly Lower Creta- 

ceous andesitf  c volcanioe,  are moderately Lo atrongly deformed but 

have not been regional ly  metamorphosed. The plutoxzs appear to be 

magmatic epizonal boUas  which ia at least two.plaass intruded 

hypabyssal rocks ~ i m i l a r  i n  compas i t i~n  m d  only s l i g h t l y  older. 



Atk 

Figure 32. Comparison of the chemical trends of Chs.Late Cretaceous suSte 
(dashed Tine) with calc-alkaline granitic racks of the  eastern 
Sierra Nevada bathol i th  (Ross, 1969; s o l i d  line) and with the  
average calc-alkaline suite of Nockolds (1954; dot-dash). 



PETROGEXES IS AND COI?CLtTSIONS 

Any hypothesis ooncerning the  petrogenesis of the  Wogatza 

p lu ton ic  belt must address i t s e l f  not  only t o  problems coaoernfng 

the  o r i g i n  of granitic rooks i n  gene ra l  but a l s o  t o  these  two p r i -  

mary quest ions:  (I) What is the  origin of the potassic subsilioic 

rocks of the  mid-Cretaaeous s u i t e ,  p a r t i c u l a r l y  if Juveni le  sialiq 

m a t e r i a l  is n o t  present over much of the area, and ( 2 )  why waa t he  

po tas s i c  enrichment cmfined t o  the  western part of the b e l t  and 

absent i n  the  younger, ca lc -a lka l ine  rocks  t o  the  e a s t ,  

Current hypotheses f o r  the  formation of g r a n i t i c  rocks of 

the composition of the Late Cretaceous sui te  and the quartz monxo- 

n i t e  af t he  mid-Cretaceous s u i t e  have been grouped by Piwinskii 

and Wyllie (1968) as follows: (1) d i f f e r e n t i a t i o n  of a parent, 

more mafic magma by f r a c t i o n a l  c r y s t a l l i z a t i o n ,  ( 2 )  ana tex i s  o f '  

crustal rocks, (3) contamination of mapa formed by (1) o r  (2) by 

as s imi l a t ion  of country rock, and (4) hybr id iza t ion  of g r a n i t i c  

and mafic magmas, While recognizing the  reconnaissance na ture  o f  

much of t h e  p resen t  study, some speculations on the  o r i g i n  of the 

p lu tonic  rocks of west-central Alaska can be made i n  r e s p e o t . t o  

the above hypot he se 8. 

Derivat ion of the magma by d i f f e r e n t i a t i o n  of a b a s a l t i c  

or a n d e s i t i c  parent  magma i s  a p o s s i b i l i t y ,  but  the lack of mafia 

comagmatic rocks i n  the  s u i t s  makes t h i s  mode of o r i g i n  seem 



unl ike ly .  The amount of quartz-r ich g r a n i t i c  rock generated waq 

considerable (over 500 square mi les  i n  the  Late Cretaceous suits 

alone is  now exposed) and volume considerations would seem t o  

r equ i re  more mafic rocks. 

Many workers have propoaed an ana tec t f c  origin f o r  g r a n i t i c  

rocks based both on f i e l d  s t u d i e s  (Bateman and Faton, 1967) and 

experimental work ( T u t t l e  and Bowen, 1958). Recent work by Piwin- 

qkii and Wyllie (1968, P O  2301, however, suggests  that a l t h ~ u g h  q 

granitic liquid can be readily formed by a n a t e x i s  a t  moderate . 

temperatures,  the formation of g~anodioritic magma would requi re  

ka ther  high temperatures, on the  order of 900' C, o r  the  magmaa 

cons i s t ed  of e u t e c t i c - U e  g r a n i t e  liquids with suspended mal$t 

crystals. The high temperature would require an add&tional  heat 

source t o  supplement r ad ioac t ive  hea t  generat ion i n  a voloanic 

p i l e  and heat  conduction from the  mantle and Piwinski i  and Wyllie 

(1968) have s ~ g e s t e d  t h i s  heat may be provided by emplaaement i n t o  

the lower c r u s t  o f  gabbroic magma from the  mantle. I n  this regard,  

s e v e r a l  i n v e s t i g a t i o n s  of s t ront ium and lead  i so tope  content  

(Hurley and o the r s ,  1965; Doe, 1967) i n  g r a n i t i c  rocks hare a u p  

gested t h a t  mantle ma te r i a l  has played a role in their origin. 

A n  a n a t e c t i c  origin by mel t ing  a t  the base of %he andesitkc , 

volcanic  p i l e  you14 seem t o  be a likely p o s s i b i l i t y  i n  west-central 

Alaska. The t o t a l  t h i h b e s s  of t h i s  widespread volcanic assem- 

blage is not  known but  Pat ton (i970b) s t a t e s  t h a t  at l ea s t  5,000 

f e e t  a r e  exposed on t he  Kogukuk River near Hughes and t he  t o t a l  



thickness may be several times that figure. The magma formed by 

anatexis at the base of this volcanic assemblage may have been 

mixed with gabbroic magma a s  suggested by Piwinskii and Wyllie 

(1968) and the resul t ing  granodiorite and quartz monzonite magma 

then ernplaced as separate plutons at higher levels i n  the crmt. 

Contamination of w a l l  rock material appears to have taken place 

i n  many of the plutons, particularly i n  the Late Cretaceous suite. 

However, its e f f e c t  on the overall composition appears to have 

been r e l a t i v e l y  slight. 

  he mid-Cretaceous suite was obviously af fected by other 

processes which re su l t ed  i n  the K-enrichment 60 noticeable i n  modal 

and normative trends. In the Selawik Hills pluton, for example, 

obvious e f f e c t s  of K-metasonatism can be observed in the north- 

central part o f  the pluton. The apparent igneous h i s t o r y  of  Ghe 

pluton i s  interpreted as the intrusion of a rather low e i l i ca  (60 

t~ 66 percent) quartz monzonf te into Lower Cretaceous andesitfc 

volcanic  rocks. T M s  magma, already enriched somewhat i a  KZOI 

engulfed large amounts of andesite country rock along its northern 

margin result ing i n  contamination of the magma. The st i l l  v i s c o w  

magma was subjected to K-metasomatism and the result ing hybrid 

syeni te ,  characterized by large K-feldspar phenocrysts and a 

gneissic t o  trachytoid texture, now forms the north-cen tral part 

of the pluton. The small bodies of nepheline syenite i n  the hybrld 

syenite together with the occurrence of the ultrapotassic  complexes 

in the Kobuk-Selanik Lowlands suggests the K-metasomatism is 

related to the aYcaline magnatism,  



The western Alaska a l k a l i n e  rocks a r e  po tas s i c ,  as has 

been documented here. Potash is consistently h igh  and generally 

greater than soda by a f a c t o r  of two o r  more. Although these  

rocks range from melanocratic t o  l eucoc ra t i c  varieties, r e l a t i v e l y  

mesocratic rocks such as maligni te  are among the  most abundant 

rock t ypes  and appear t o  be the  earliest v a r i e t y  emplaced. 

Such po tasa ic  provinces are r e l a t i v e l y  rare i n  the  igneous 

record-the c l a s s i c  domestic l o c a l i t i e s  a r e  the Leucite Hills i n  

Wyoming, the  Highwood Mountains of Montana, and t he  Navajo area i n  

northeastern Arizona. Foreign l o c a l i t f e s  inalude the  Bufumbira 

area  of e a s t e r n  Afr ica  which inc ludes  the  Birunga and Toro-Ankole 

volcanic f i e l d s ,  t h e  West K b b e r l y  region of Australia, and the 

Italian Roman province. Most of these provinces are composed 

chiefly of extrusive and hypabyssal rocks and a l l  are confined t o  

con t inen ta l  areas w i t h  a considerable  th ickness  of s i a l i c  crust. 

Bypothesee involving the o r i g i n  o f  potassium-rich basic 

magmas have been summarized by Turner and Verhoogen (1960) and 

f a l l  into th ree  groups: (1) t h e  p a r t i a l  melt ing or r e so rp t ion  of 

b i o t i t e ,  which may be concentrated by f r a c t i o n a t i o n  in a Zlquid or  

a= a res idue  from anatexis, (2) assimilation by r e a c t i o n  of basic 

or  ca rbona t i t e  magma with c r u s t a l  ma te r i a l ,  and (3) those t h a t  

consider magmatio fractionation. 

Turner and Verhoogen themselves favor a hypothesis by which 

alkaline olivine b a s a l t  or nepheline-basalt  magmas are involved 

i n  a n  a s s i m i l a t i o n  r e a c t i o n  with g r a n i t i c  rocks of t h e  c o n t i n e n t a l  



basement resulting i n  potash-rich magma. However, an important 

f a c t  to remember is t h a t ,  as B e l l  and Powell (1969) poin t  out ,  

potas s i c  rocks are the most potassium-rich o f  any known s i l i c a t e  

rock and t h e i r  potassium contents  therefore  cannot be explainad by 

a simple mixing of two common mater ia l s .  

The hypotheses l i s t e d  by Turner and Verhaogen have been 

discussed i n  the l ight  of more recent  work on Sr i s o t o p i c  composi- 

t i o n  of the  East Afr ica  potass ic  rocks   ell and Powell, 1969) and 

on the  chemical composition of the volcanic rocks of t h e  Leuci te  

H i l l s  i n  Wyoming (Carmichael, 1967). 
87 86 B e l l  and Powe1l.shawed t he  S r  /SF r a t i o s  of t h e  Birunga 

and Toro-Ankole rocks have a pos i t ive ,  linear c o r r e l a t i o n  with the  

~ b / S r  r a t i o  and negative c o r r e l a t i o n s  with Sr, Nb, and Zr. They 

conolude tha t  t he  hypotheses t h a t  would be most i n  keeping with 

the data a r e  (1) the assimilation of s i a l i c  m a t e r i a l  by e i t h e r  a 

nephe l in i t e  magma or a . carbonatite magma, or (2) the p a r t i a l  melt- 

ing of an old potassic substratum, 

Hurley and o the r s  (19661, however, i n  an e a r l i e r  study of 

S r  isotopes and the concent ra t ion  of S r  and other  t r a c e  elements 

b the Roman province, concluded that continental p o t a s s i  c volcanio  

rocks could not have derived t h e i r  high S r  content  from carbonatite 

or  b a s a l t  or from limestone syntexis.  The Sr isotopes 

suggest  the potash-r ich magma was derived f ram, remelting of ancieqt 

sialic rocka. 



The lack of agreement i n  the Sr i s o t o p i c  and abundance s t u d i e s  of 

the  two provinces was noted by Bell and Powell (p. 559) who s t a t e d  

t h a t  "it i s  not c l e a r  whether t h e i r  [Hurleyand others] results indi -  

oa te  t h a t  the  rooks of the Roman province had a d i f f e r e n t  o r i g i n  

from those of East Africa, or whether t h e i r  samples were not suff i -  

ciently diverse  i n  composition t o  permit a proper comparison." 

A t  m y  r a t e ,  the  two s tud ies  both favor the concept of 

sialic involvement i n  the  origin of po tas s i c  rocks although the 

p o s s i b i l i t y  of more than one o r ig in  would seem t o  be l e f t  open. 

Carmichael's s tudy of the  Leuci te  H i l l s  provi.nce resu l ted  

i n  a df f f e r e n t  conclusion i n  regard t o  petrogenesis ,  Carmichael 

s tud ied  the  th ree  principal rock types of the Leucite Hills, the 

undersaturated madupite and the  oversa t u r a t e d  wyoruingite and 

orendi te ,  with the  elec.broa.microprobe. Based on the results of 

mineral  and rock analyses, toge ther  with melting experipents ,  he 

concluded t h a t  these pa.tassic rocks have ,a melt ing range comparable 

t o  magnesian basalt and that a c r u s t a l  o r i g i n  was precluded. He 

found l i t t l e  evidence t h a t  sialic contamination a f f e c t e d  the compo- 

s i t i o n  of. t he  oversaturated rocks but  the  madupite could have been 

formed by crystal f r a c t i o n a t i o n  a t  high pressure af a liquid 

derived from partial fus ion  of game t - p e r i d o t i t e  , 

I n  at tempting t o  apply these var ious  hypotheses and data t o  

the potass9c rocks of western Alaska provhce ,  the possible lack 

of juveni le  s i a l i c  m a t e r i a l  must be kept i n  mind. Many of the 

above hypotheses depend on the  contamination or r e fus ion  of s i a l i o  



c r u s t  t o  a t t a i n  t h e  necessary abundance p a t t e r n s  and isotopic con- 

pos i t ion .  The l ack  of such material neoess i tn t e s  the finding of 

o ther  possible sources of potassium. 

The country rock f o r  much of the  alkaline province is 

a n d e s i t i c  volcanic rock; however, the occurrence of alkaline rocks 

of similar composition i n  o lde r  metamorphic and sedimentary rocks 

i n  t h e  southern Darby Mountains and a t  Cape Dezhnev sygges ts  that 

the a n d e s i t i c  rocks had nothing t o  do with the formation of potash- 
* 

r i c h  a l k a l i n e  magma. 

It therefore  appears likely t h a t  potash-r%ch magma ia 

western Alaska was formed i n  the  mantle. Most of the  potass ic  

provinces described above occur i n  con t inen ta l  rsgiona; however, 

as Carmichael (1967, p. 60) has pointed out,  the $act t h a t  potassic  

lava6 have not been found I n  the  oceanic i s l anda  does not neaessar- 
' 

ily inply a gene t i c  r e l a t i o n s h i p  t o  s i a l i c  mate r i a l  s h c e  these  

are extremely scarce  rocks,  Also, i n  this regard, recent  work by 

McBirneg and Aokf (1968) on the  igneous rocks of Tahiti has shown 

them t o  be the  most s t rong ly  a l k a l i n e  rocks i n  the Pacific and, 

while not potaesic i n  the sense t h a t  potash is  greater than soda, 

" the a l k a U s  are more nearly equal  than in most o the r  oceanic 

islands" (p. 544). 

A mantle o r i g i n  f o r  t h e  potassic mafic rocks has been sug- 

ges ted  by several other workers. OIHara and Ygder (1967) bel ieve  

t h a t  fractional c r y s t a l l i x a t i o n . o f  the  l i q u i d  produced by partial 

melt ing of garne t  peridotite produces ec log i t e  accumulates and 



s i l i ca -poor  a l k a l i n e  r e s i d u a l  l i q u i d s  which have geochemical 

s i m i l a r i t i e s  t o  k imber l i te  o r  t o  po tas s i c  rnafic rocks,  Kushiro 

and o t h e r s  (1967) have suggested t h a t  phlogopite could be t h e  

s t a b l e  potassium-bearing mineral i n  the upper mant le  t o  depths of 

150-200 lun. I f  p a r t i a l  melt ing of t h e  phlogopite-bearing perido- 

t i t e  took p lace ,  phlogopite would be involved and the r e s u l t i n g  

magma would be enriched i n  potassium. 

The potash content  of m a t e r i a l  thought t o  form the primary 

u n d i f f e r e n t i a t e d  nant le, namely p y r o l i t e  , i s  low indeed, some thing 

l i k e  0,22 percent  according t o  Ringwood and o t h e r s  (1964). The 

r e l a t i v e l y  high po tashacon ten t ,  1.17 percent  ( I~ockolds,  1954) of 

kimber l i te  sugges ts  some potassium enrichment does occur i n  the 

mantle s h c e  k imber l i te  is  thought t o  be generated at such depths 

(OtHara and Mercy, 1963). Bell and Powell (1969, p. 963) quote 

P. G. Harris as favoring a hypothesis  of partial melt ing of old 

k i m b e r l i t i c  m a t e r i a l  a t  depth. This resembles the  proposal  of 

Waters (1955) that t h e  biotite pyroxeni tes  commonly found in 

po tas s i c  provinces are xeno l i th s  of u l t r a m a f i t e s  a l t e r e d  during 

successive episodes of a n a t e x i s  and the  potassic rocks ware formed 

by p a r t i a l  melt ing of t h i s  ma te r i a l .  B i o t i t e  pyroxenite has been 

found l o c a l l y  a t  s e v e r a l  of the  complexes i n  western Alaska; the  

poor exposures preclude a determinat ion of i ts s e t t i n g  but  i ts  

occurrence i n  r e l g t i v e l y  small a r e a s  suggests  i t  could be 

xeno l i th i c .  



Xmplying that these rocks a r e  derived from magma which 

o r ig ina ted  i n  the mantle means that e i t h e r  the potassium content  

of the  mantle varies considerably and has local concent ra t ions  

(Carmichael, 1967, p. 62) or t h a t  the potassium concent ra t ion  fs 

uniform but for some reason, poss ib ly  involving zone melting of 

phloeopite-bearing p e r i d o t i t e s  (Kushiro, 19681, potassium waa con- 

c e n t r a t e d  b magma generated in this region, 'Whatever t h e  u l t i -  

mate source of the potasaim,  t he  volume of potassium-enriched 

rock i s  of r e g i ~ n a l  e x t e n t  when t he  amount of syen i t e ,  msnzonita, 

and  aUa1ine subsilicic rocks of the mid-Cretaceouq s u i t e  is 

A poss ib le  hypothesis for t h e  petrogenesis  of the mid- 

Cretaceous suite of plutonic  rocks is that. potassium-rich magma 
t 

was generated, probably i n  the mantle,  along a zone of s t r u c t u r a l  , '  

weakness near t he  boundary between two major geologic provinces .  

i n  western Alaska. This  magma forlned a bebt of strongly po tas s i c  

s u b s i l i c i c  conplexes and aZso r e s u l t e d  i n  the potassium-enrichment, 

by metasomatisrn.and(or) mixing of magmas, g r a n i t i c  magmas which 

were forming by anatexis of a n d e s i t i c  material, 

I n  Late Cretaceous time, the  loci of p lu tonic  magmatism I n  

the Mesozoic volcanogenic p r ~ v i n c e  of west-central  Alaska shi f ted 

t o  the east .  The magma formed in this p a r t  of the Hogatza plu topic  

b e l t  resu l ted  i n  quartiose granod io r i t e  and quartz monzonite e b i -  

la r  t o  many other plu tonic ,  provinces in t he  North America 

Cordillera, This  suite is generally homogeneous i n  composition. 



Individual plutons are zoned but the v a r i a t i o n s  in composition can 

be related to contamination of andesitic w a l l  rock along the roof 

zone of the  pluton or t o  l o c a l  metasomatism. The laclc of potassium 

enrichment, other than. as a loca l  feature in the Zane B i l l s ,  indi- 

cates that either (1) potassium was not concentrated in the mantle 

in t h i s  region, o r  ( 2 )  that the  tectanic  events that con t ro l l ed  

and perhaps helped generate the potassic  magwas to the west d i d  

not t a k e  place here, or (3) a combination of (I) and ( 2 ) .  
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ANALYTXGAL DATA FOR PREVIOUShY UNPUBLISHED ~/&r;  AGE8 

Ar 40 40 Apparent Age 

Mineral Percent rad Arrad (mi l l i ons  of 
No. K2° 7 yeara) (mole=/gm) Artotal t 2 o  

# 

4 Biotite 9.38) 9.35 1.099119-~ 89 7'7.9 f 2.3 9.32) 

1*62' 1.63 2.637~10 -10 12 Hornblende 1.64) .95 106 2 3 . 0  

K4' decay constants: At = 0.585xloA10/year 

A'4 
= 4. ar 

ct 0 Abundance ratio: K /K G 1.19 r lorn4 atom percent 

Potassium analyses: Lois Schl~cker 

Argon analyses and age calculation: 
Nos. 8 and 12, J. Von Essen 
No. 4, J. Von Essen and Joan EngeTs 

Location of: Po, 4, Shungnak quadrangle, 66°181~., ~ 5 7 ~ 1 6 1 ~ ;  
No. 8, Selawik quadrangle, 66z02'~. , 159:45f15. 
No. 12, Candle quadrangle, 65 27v3., 161 1 3 ' W .  





PLATE 4. Ge-logic map cf the  Granite Moun+.cn Plutan. 
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