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RADIOELEMENT CONCENTRATIONS AND PRELIMINARY RADIOMETRIC AGES 

OF ROCKS OF THE KlGLUAlK MOUNTAINS, SEWARD PENINSULA, ALASKA 

1 / 
By Carl  M. Bunker, Carl E. Hedge, and C. L. Sainsbury- 

ABSTRACT 

A sequence o f  o l d  metamorphic rocks inc lud ing the  K ig lua i k  and 

Nome Groups i s  exposed i n  the K ig lua i k  Mountains o f  the  Seward 

Peninsula. The high-grade metasedimentary rocks g i ve  a whole-rock 

Rb-Sr age o f  735 m.y. This l a t e  Precambrian age i s  bel ieved t o  be the 

t ime o f  metamorphism. Orthogneisses, i n t r u s i v e  i n t o  the metasedimen- 

t a r y  rocks, are probably a l s o  Precambrian i n  age; bu t  many samples have 

had t h e i r  ages d is turbed by Cretaceous in t rus ions  and th rus t i ng .  

Samples of Precambrian metagabbro are  low i n  radioelements (U, Th, 

and K) t y p i c a l  o f  b a s a l i t c  rocks. The Precambrian metasedimentary rocks 

have normal radioelement concentrat ions, but  both the Precambrian 

orthogneisses and the Cretaceous g r a n i t i c  rocks are  unusual ly r i c h  i n  

thorium. 

1 /  Present address: AirSamplex Corporat ion, P.O. Box 477, Indian H i l l s ,  - 
Colorado 80454 
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l NTRODUCT l ON 

The existence o f  rocks of Precambrian age on the Seward Peninsula, 

Alaska, has been a matter  o f  l i v e l y  argument. The rocks discussed 

here in  were suspected by Moff i t (191 3) t o  be o f  ~ recambr ian  (?) age, bu t  

were subsequently shown on l a t e r  maps as being o f  ~ a l e o z o i c ( ? )  age 

(Hummel , 1962; Patton, 1967). A f t e r  several years o f  mapping on t h e  

Seward Peninsula, Sa i nsbury (1969a) demonstrated t h a t  f oss i  1 i ferous 

l imestones o f  Ear ly  Ordovician age on the western Seward Peninsula were 

under la in  by an o lder ,  u n f o s s i l i f e r o u s  l imestone t h a t  graded downward 

i n t o  s la tes  and p h y l l i t e s  o f  poss ib le  Precambrian age, but which using 

s t r a t i g r a p h i c  evidence, could be proven on ly  t o  be pre-Ordovician. As 

mapping progressed eastward i n t o  the  area o f  t h i s  repor t ,  the  Precambrian 

age of the  rocks seemed almost c e r t a i n .  However, the  recogn i t ion  t h a t  

the rocks o f  the  Seward Peninsula were involved i n  widespread th rus t i ng ,  

w i t h  both regional  dynamic metamorphism and younger thermal metamorphism 

impressed upon the  t h r u s t  p la tes ,  made da t ing  o f  the  rocks by s t r a t i g r a p h i c  

p o s i t i o n  and metamorphic rank impossible. Nevertheless, the  s t r a t i g r a p h i c  

evidence gathered i n  the  western Seward Peninsula was s u f f i c i e n t  t o  

warrant an assignment o f  Precambrian age t o  most o f  the  rocks o l d e r  than 

the  Lower Ordovician limestones. 

This study was i n i t i a t e d  i n  an attempt t o  v e r i f y  the  Precambrian 

age assignment o f  c e r t a i n  u n i t s  and t o  determine the  radioelement 

c h a r a c t e r i s t i c s  o f  var ious su i tes  o f  metamorphosed rocks. Results of 

the  study are  t h a t  a Precambrian age has been v e r i f i e d  f o r  gneisses i n  

the  K ig lua i k  Mountains and c e r t a i n  u n i t s  have radioelement "signatures" 

which can be used f o r  making co r re la t i ons .  



Although the pre l im inary  work was publ ished several years ago, 

(Sai nsbury , Hedge, and Bunker, 1970; Sa i nsbury , Coleman, and 

Kachadoorian, 1970), recent maps o f  the Seward Peninsula s t i  11 show 

the bu lk  o f  the  rocks t o  be o f  Paleozoic age   lark and others,  1972). 

Since the  i n i t i a l  work, more c o l l e c t i o n s  o f  rocks have been dated 

and analyzed f o r  radioelement content. Because such data are  t o t a l l y  

lack ing  fo r  Alaskan rocks, i t  was considered important t o  present the 

data t h a t  have been co l l ec ted  so t h a t  o the r  workers w i l l  have a basis 

f o r  comparing Alaskan rocks w i t h  those studied elsewhere. 

The K ig lua i k  Mountains were chosen f o r  t h i s  study f o r  the  fo l l ow ing  

reasons: A la rge v a r i e t y  o f  rock types ranging i n  age from Precambrian 

t o  Cretaceous are  w e l l  exposed i n  a r e l a t i v e l y  small area. Elsewhere 

i n  the Seward Peninsula much o f  the  land surface i s  covered by tundra, 

outcrops o f  s i m i l a r  rocks are iso la ted,  and s t r a t i g r a p h i c  r e l a t i o n -  

ships are  less evident .  Rocks exposed i n  the  K ig lua iks  are less  

weathered than o ther  outcrops i n  much o f  the Seward Peninsula. Thin 

layers  o f  v i s i b l e  a l t e r a t i o n  on the samples were common, but  these 

were removed p r i o r  t o  analyses. 



The K ig lua i  k Mountains are about 24 Km wide (north-south) 

and about 72 Km long w i t h i n  the area o f  64°451-65005'N.lat i tude 

and 164°45'-1660151~. longi tude ( f i g .  1).  The center  o f  the  mountain 

range i s  about 48 Km nor th  o f  Nome. Much o f  the nor thern p a r t  o f  

the range i s  del ineated by an escarpment along the  K ig lua i k  Fau l t ;  

p a r t  o f  the  southern boundary genera l ly  coinc ides w i t h  a group of 

lesser  fau l t s .  This area includes pa r t s  o f  t he  Nome and T e l l e r  

1:250,000 Alaska Topographic Series maps. 

Acknowledgments.--The geologic mapping o f  the region under study was the  

r e s p o n s i b i l i t y  o f  Sainsbury, who was ass is ted  ab ly  a t  var ious times by 

Trav is  Hudson, Reuben Kachadoorian, T. W. Smith, Thomas R. Richards, 

Rodney Ewing, and Wi l l i am R. Marsh. Assignment o f  u n i t s  and ages I s  the 

r e s p o n s i b i l i t y  o f  Sainsbury. The rocks discussed here in  were analyzed 

fo r  radioelements by Bunker, who has guided the  w r i t i n g  o f  the  repor t ;  

Charles A. Bush ass is ted  w i t h  the a n a l y t i c a l  work. The age da t ing  o f  

t he  rocks by rubidium/stront ium methods was done by Hedge, ass is ted  by 

Wi l l i am T. Henderson, Robert A. H i l d r e t h ,  and W i l l i s  P. Doering. Each 

of the authors o f  t h i s  repor t  thereby assumes responsibi  1 i t y  f o r  h i s  

p a r t  of the repor t .  
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Figure 1. Index map of Seward Peninsula showing area of 

detailed study and locations of samples outside the area. 



GENERAL GEOLOGY 

The general geology f o r  t h a t  p a r t  of the area w i t h i n  the T e l l e r  

1 :250,000 quadrangle has been described by Sainsbury (1972) ; f o r  the  

general area o f  the Seward Peninsula, the  geology was summarized by 

Sa insbury (1 975) and by Sa insbury, Coleman, and Kachadoorian (1970) 

i n  the repor t  i n  which arguments f o r  the Precambrian age o f  t he  rocks 

were presented. Short t e x t s  were prepared by Sainsbury and h i s  co- 

workers t o  accompany numerous pub1 i shed geologic maps (Sainsbury, 

1969a, 1969b; Sa i nsbury , Kachadoor i an, Hudson, and others,  1969; 

Sainsbury, Kachadoorian, and Smith, 1970; Sainsbury, Humrnel , and 

Hudson, 1972; Sainsbury, 1972; Sainsbury, Smith, and Kachadoorian, 

1972; and Sainsbury, 1974), and the  rock u n i t s  were described i n  

some d e t a i l .  



B r i e f l y  stated, the  Seward Peninsula cons is ts  o f  a great  number 

o f  t h r u s t  p la tes  o f  Paleozoic carbonate rocks i n t ima te l y  intermixed 

t e c t o n i c a l l y  w i t h  Precambrian rocks tha t  cons is t  o f  a rg i l laceous and 

do lomi t i c  limestone, the s l a t e  o f  the York region, and several types of 

c h l o r i t i c  sch is ts ,  f e l d s p a t h i c - c h l o r i t i c  sch is ts ,  and high-rank 

gneisses and sch is t s  predominantly o f  l eucoc ra t i c  composition. Whether 

the  c h l o r i t i c  sch is t s  are a l l  o l d  vo lcan ic  rocks t h a t  were i n te rca la ted  

i n  the  s l a t e  o f  the York region, o r  whether some a re  younger mafic 

rocks poss ib ly  in t ruded dur ing  the th rus t i ng ,  i s  a t  ye t  unset t led .  A l l  

t he  Paleozoic rocks dated by f o s s i l s  on the  west p a r t  o f  the Seward 

Peninsula a re  carbonate rocks; and the Ordovician, S i l u r i a n ,  Devonian, 

and Miss iss ipp ian(?)  Systems are  dated by foss i  1s. Unfossi 1 i f e rous  

rocks o f  noncarbonate composition cannot be assigned t o  the Paleozoic, 

and, furthermore, whenever the s l a t e  o f  the  York region i s  o v e r l a i n  by 

massive carbonate rocks w i thput  the  in terven ing arg i l laceous and 

\ 
do lomi t i c  limestone, the two u n i t %  are  separated by e i t h e r  a t h r u s t  

f a u l t  o r  an unconformity. 



Along the axes o f  the K ig lua i k  and Bendeleben Mountains, which 

t rend eastward across the Seward Peninsula, high-rank gneisses, semi- 

gneisses, and sch is t s  are  exposed; and these are int ruded by numerous 

g r a n i t i c  i n t r u s i v e  rocks mostly o f  Cretaceous age. However, some 

gne iss ic  i n t rus i ves  o f  g r a n i t i c  composition have been mapped, and these 

may be o f  Precambrian age. Because the gneisses and i n t r u s i v e  rocks of 

the K ig lua i k  Mountains have been s tud ied more ex tens ive ly ,  the i n i t i a l  

work of age da t ing  and determining radioelement contents has been 
I 

concentrated in .  t h i s  area, but data from elsewhere on the  Seward Peninsula ~ 
I a re  included. 
I 

I 

The complicat ions introduced as a consequence o f  the  intense 

t e c t o n i c  deformation of the  t h r u s t  b e l t ,  named the A. J. C o l l i e r  t h r u s t  

b e l t  t o  honor a pioneer worker o f  the  Seward Peninsula (Sainsbury, 

1969b), a re  immense. Large-scale m ig ra t i on  o f  m a t e r i a l  took p lace 

dur ing  th rus t i ng ,  and the thermal metamorphism imprinted upon the  dynami- 

c a l l y  metamorphosed rocks has been widespread. Nevertheless, t h e  data 

t h a t  have been gathered s u b s t a n t i a l l y  support the geologic i n te rp re -  

t a t i o n s  made over the years. More important ly ,  the Precambrian age of 

most o f  the metamorphic rocks o f  noncarbonate composition i s  c l e a r l y  

establ ished.  Only by a p p l i c a t i o n  o f  whole-rock Rb-Sr age da t ing  was 

the co r rec t  age establ ished,  because da t ing  o f  the  high-rank s c h i s t  by 

K/Ar methods y ie lded  Cretaceous dates s i m i l a r  t o  the ages o f  t he  i n -  

t r u s i v e  rocks. 
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The geology o f  the  K i g l u a i k  Mountains and the  l o c a t i o n  o f  samples 

analyzed i n  t h i s  study are shown i n  f i g u r e  2. Three samples o f  

orthogneiss, which were included i n  the  Rb/Sr da t ing ,  a re  ou ts ide  o f  

t h i s  map area and a re  shown on f i g u r e  1. 

The o l d e s t  rocks are  the paragneisses of  t he  K i g l u a i k  Group. These 

rocks a re  w e l l  exposed i n  the K i g l u a i k  Mountains. The dominant 

l i t h o l o g i e s  o f  the  K i g l u a i k  Group are  p lag ioc lase-or thoc lase-b io t i te -  

hornblende gneiss and gne iss ic  marble. These paragneisses a r e  

in t ruded by orthogneisses ranging i n  composit ion from g r a n i t e  t o  quar tz  



. 
1-- 

EXPLANATION FOR FIGURE 2. 

EXPLANATION 

iGl 
Glac ia l  deposi ts  w 

lncludes moraine and outwash + 1 "  5 

L l  VI 

Igneous complex o f  K i g l u a i k  Mts. 
1 

l n c l  udes rocks rang ing from gran i t e  
t o  d i o r i  te; and numerous roa f  
pendants o f  K i g l u a i k  Group - W 

- LZ 

p a '  1 .-A 
Arg i l laceous l imestone 

Gabbro 
Includes metagabbro and o the r  h i g h l y  
a l t e r e d  maf ic  rocks 

- ' j-J 
- -  -- -- 

S la te  and sch is t  
pcs; s l a t e ,  p h y l l f t e ,  and quar tz  s i l t i t e ;  

minor b lack  l imestone 
p ~ s b ;  graphi te-bear ing b i o t i t e  sch is t ,  

s l a t e ,  and c a l c - s i l i c a t e  rocks. 
Bel ieved t o  be metamorphased 
equ iva lent  o f  pcs, but may be an 
o l d e r  u n i t .  

Orthogneiss 
Derived from g r a n i t e s  t o  quar tz  monzonites 

[?!?I 
Nome Group 

C h l o r l t l c  sch is t s ,  metavolcanics and 
t h i c k  marbles and micaceous marble 
sch is t s ;  subordinate g r a p h i t i c  s c h i s t s  

m 
K i g l u a i k  Group 

lncludes an upper u n i t  o f  c a l c - s i l i c a t e  
rocks w i t h  numzrous schistose marbles, 
a middle u n i t  o f  marble gneiss, and a 
lower u n i t  o f  paragneiss w i t h  
c a l c - s i l i c a t e  rocks 



EXPLANATION FOR FIGURE 2 -- continued 

Sample locations and f i e l d  numbers 

Samp 1 e Samp 1 e 
Loca t i on Number 

Samp 1 e 
Loca t ion 

Sample 
Number 



o 5 1 0  1 s  2 o Miles 
t I * - J - +  
o 10  2 o 3 0 Kilometers 

Figure 2.--Generalined geologic map and sample locations, Kigluaik Mountains area. 



TWO major l i t h o l o g i c  u n i t s ,  which may be e i t h e r  the unmetamorphosed 

equivalents of p a r t  of the  paragneisses herein discussed, o r  somewhat 

younger i n  age, a re  found i n  the K ig lua i k  Mountains and nearby areas 

of t h i s  report .  These were named the Nome Group and the  Kuzi t r i n  Series 

by M o f f i t  (1913) and Brooks, Richardson, and C o l l i e r  (1901), respect ive ly ;  

but i n  h i s  l a t e s t  pub l i ca t i on ,  w r i t t e n  a f t e r  a d e t a i l e d  study o f  the  meta- 

morphic rocks i n  the K ig lua i k  Mountains and elsewhere on the  Seward 

Peninsula, Sainsbury (1 975, p.  8- 19) presented evidence t h a t  the  h igh-  
* 

rank gneisses o f  the K i g l u i k  ~ o u n t a i n s  are  t r a n s i t i o n a l  a t  l e a s t  i n  

p a r t  i n t o  g r a p h i t i c  s la tes  and s i l t i t e s  o f  the  K u z i t r i n  Series, which he 

includes w i t h  the s l a t e  o f  the York region. He f u r t h e r  concluded t h a t  

the  rocks o f  the Nome Group as o r i g i n a l l y  def ined by Brooks, Richardson, 

and C o l l i e r  (1901) included c h l o r i t i c  sch is ts ,  probably der ived from 

vo lcan ic  ma te r ia l  o r i g i n a l l y  included i n  the s l a t e  o f  the  York region, 

as w e l l  as t h r u s t  s l i c e s  o f  Paleozoic carbonate rocks and younger meta- 

gabbroic rocks o f  uncer ta in  age. Thus, the  Nome Group rocks may be a 

sub-unit  w i t h i n  the s l a t e  o f  the York region, but  on l y  d e t a i l e d  study 

w i l l  solve the problem. 

No rocks o f  proven Paleozoic age are found i n  the K ig lua i k  Mountains, 

but  t h i c k  carbonates conta in ing  r e l i c t  f o s s i l s  occur immediately south 

and west o f  the range. These were grouped by e a r l  i e r  workers as p a r t  

of the  Nome Group rocks, but  the known existence o f  r e l i c t  f o s s i l s  and 

the l i t h o l o g i c  resemblance t o  o ther  carbonate rocks o f  Paleozoic age 

t h a t  occur nearby are considered by Sainsbury t o  be s u f f i c i e n t  evidence 

t o  assign these carbonate rocks t o  the Paleozoic. 



The rocks forming the core o f  the K i g l u a i k  Mountains are in t ruded 

by stocks, bosses, and b a t h o l i t h s  o f  probable Cretaceous age. I n  broad 

o u t l i n e ,  the high-rank gneisses here in  discussed tend t o  form mantles 

around these i n t rus i ves ,  as they do elsewhere on the Seward Peninsula 

(Sainsbury, 1974, 1975). 

METHOD OF ANALYSIS 

Rubidium and s t ron t ium concentrat ions were determined e i t h e r  by 

x-ray f luorescence o r  i s o t o p e - d i l u t i o n  techniques. Concentrat ions i n  

a l l  o f  the samples w i t h  more extreme Rb/Sr r a t i o s  were measured by 

isotope d i l u t i o n .  The Rb/Sr r a t i o s  have a p r e c i s i o n  o f  +3 percent.  

87 86 
S r  / S r  r a t i o s  were measured on a separate unspiked run; they were 

normal i r e d  t o  correspond t o  a ~ r ~ ~ / S r ~ ~  o f  0.1194 and have a p r e c i s  ion  

o f  20.0005. 



Radioelement (K, RaeU, and Th) contents o f  the  samples were 

measured by gamma-ray spectrometry. Bas i c operat ional  procedures, 

c a l i b r a t i o n  techniques, and sample preparat ion were described by Bunker 

and Bush (1966, 1967). Approximately 600 g o f  the mater ia l  were sealed 

i n  15-cm-diameter p l a s t i c  containers. The containers were placed on 

a sodium iod ide c r y s t a l ,  12.5 cm i n  diameter and 10 cm th i ck .  The 

gamma r a d i a t i o n  penet ra t ing  the c r y s t a l  was sor ted according t o  energy 

by the  associated e l e c t r o n i c  devices, and the r e s u l t i n g  spectra were 

stored i n  a 100-channel memory. The spectra were i n t e r p r e t e d  w i t h  the  

a i d  o f  a l inear- least-squares computer method which matches the spectrum 

from a sample t o  a l i b r a r y  o f  radioelement standards; the computer 

method f o r  determining concentrat ions i s  a mod i f i ca t i on  o f  a program 

w r i t t e n  by Schonfeld (1966). Standards used t o  reduce the data inc lude 

the  USGS standard rocks, New Brunswick Laborator ies standards, and 

several samples f o r  which uranium and thorium concentrat ions had been 

determined by isotope d i l u t i o n  and mass o r  alpha spectrometry. 



Uranium contents were measured i n d i r e c t l y  by measuring the  Ra 
226 

daughters ( ~ i ~ ~ ~  abd pb214) t o  ob ta in  radium-equivalent uranium ( ~ a e ~ )  

226 
values. I so top ic  e q u i l i b r i u m  between these daughters and Ra was 

accomplished by a l lowing the sealed sample conta iners t o  s i t  f o r  a t  

l eas t  21 days p r i o r  t o  the analyses. Radium-equivalent uranium i s  

the amount o f  uranium required f o r  secular  i s o t o p i c  e q u i l i b r i u m  w i t h  

226 
the  Ra and i t s  daughters measured i n  a sample. Unless otherwise 

stated, a l l  uranium concentrat ions re fe r red  t o  i n  t h i s  paper are 

radium-equivalent values. 

2 12 
Although thorium i s  a l so  measured from daughter products ( ~ i  , 

pb212, and ~ 1 ~ ~ ~ ) ~  i so top ic  d i s e q u i l i b r i u m  i s  improbable because o f  

the  shor t  ha l f -1  ives o f  the daughter products o f  ~ h ~ ~ ~ .  Therefore, 

the daughter products measured are considered t o  be a d i r e c t  measurement 

o f  thorium. Potassium i s  determined from the K~~ const i tuent ,  which i s  

rad ioac t i ve  and d i r e c t l y  p ropor t i ona l  t o  the  t o t a l  potassium. 

A l l  the radioelement data reported i n  t h i s  paper are  based on 

r e p l i c a t e  analyses. The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  the accuracy o f  

these data, when compared t o  i so tope-d i l u t i on  and flame-photometry 

analyses, i s  about +2 percent f o r  RaeU and Th and about '1 percent 

f o r  K. These percentages are  i n  a d d i t i o n  t o  minimum standard dev ia t ions  

of about 0.06 ppm f o r  RaeU and Th and 0.03 f o r  K. 



RADIOMETRIC AGES 

Seven whole-rock samples o f  paragneiss from the K ig lua i k  Group 

were dated by the  Rb/Sr method. Samples were obtained from both the  

uppermost and lowermost accessible po r t i ons  o f  the u n i t .  Ana ly t i ca l  

data fo r  the paragneiss samples are given i n  t a b l e  1 and p l o t t e d  on 

an isochron diagram i n  f i g u r e  3. Also dated from the K ig lua i k  

Group were one sample o f  b i o t i t e  separated from the paragneiss and 

a whole-rock sample o f  a conformable pegmatite. 

The s c a t t e r  i n  apparent ages i s  q u i t e  la rge ( t a b l e  1). F ive  o f  

the  seven paragneiss samples do f i t  a s i n g l e  l i n e  on the isochron 

diagram ( f i g .  3) ,  however, and t h i s  l i n e  corresponds t o  an age of 

735 m.y. Experience from other  areas ind ica tes  t h a t  such whole-rock 

isochrons, f o r  high-rank metamorphic rocks, a re  usua l l y  da t i ng  the t ime 

o f  metamorphism, and t h i s  i s  the i n t e r p r e t a t i o n  t h a t  we make from these 

data. I f  t h i s  i s  the case, then the  gneisses, which tend t o  occur as 

mantles around the Cretaceous in t rus i ves ,  were metamorphosed much p r i o r  

t o  the Cretaceous in t rus ion .  The a l t e r n a t i v e  explanat ion must be con- 

sidered: t h a t  the o r i g i n a l  age o f  the s l a t e  o f  the  York region and/or 

o the r  rocks which were metamorphosed t o  the  dated gneisses was not  

se r ious l y  d is turbed dur ing the i n t r u s i o n  o f  the  Cretaceous in t rus i ves .  



TABLE: l . - - ~ b / ~ r  a n a l y t i c a l  data 

Sample No. ppm S r  Apparent Age 
1 

Whole-rock paraqneiss (K ig l  ua i k Group) samples 

70-AcH- 15 87.2 1 210 1.949 

70-AcH- 16 101 1519 1.467 

70-AcH- 17 214 51.3 12.20 

70-AcH-21 193 85.5 6.579 

70-AcH-26 75.3 1 ;! 1 1.806 

70-AcH-27 150 283 1.536 

68-ASn-282 137 ;19. 2 5.024 

B i o t i t e  from paragneiss (K ig lue i k  ~ r o u p )  

68-ASn-282 340 '15.9 62.04 

Who1 e-rock segregation pegmatite - 
70-AcH- 18 209 307 1.975 

Whole-rock orthogneiss samples 

70-AcH- 1 29.7 !58.3 

70-AcH-2 15.9 44.6 
70-AcH- 14 228 :25.8 

70-AcH- 19 564 ,37 4 

70-AcH-20 3 59 840. 9 

70-AcH-28 332 91 - 7  

70-AcH-30 189 '30 . 5 

70-AH-6 1 6 55.8 115 

70-AH-6 1 7 70.7 144 

68-Asn-300 109 116 

68-ASn-282a 234 4 69 

68-ASn-301 B 516 77.9 

K-feldspar from orthogneiss 

68-ASn-282a 32 1 2 19 4.251 

'~ssuming  an i n i t i a l  s r 8 7 / ~ $  of 0.7043. 



Figure 3.--1sochron diagram of Rb-Sr data for whole-rock paragneiss 

samples. Open cl rcle is the segregation pegmatite sample 70-ACH-18. 



That the  735-m.y. age probably represents the time o f  metamorphism 

and not  the age o f  the sedimentation o r  the age o f  the  source te r rane o f  

the  sediments i s  confirmed by sample 70 AcH-18. This sample i s  from a 

conformable pegmatite. The pegmatite i s  e n t i r e l y  enclosed i n  paragneiss, 

and the f i e l d  evidence ind ica tes  t h a t  i t  formed by segregation from the 

gneiss dur ing  metamorphism. Sample 70-AcH-17 i s  from the gneiss 

immediately adjacent t o  the pegmatite. A cord connecting the two po in ts  

places the t ime a t  which the samples were i n  equ i l ib r ium,  i n  terms o f  

s t ron t ium i so top ic  composition, a t  725 m.y. ago, an age not  s i g n i f i -  

c a n t l y  d i f f e r e n t  a n a l y t i c a l l y  from t h a t  obtained from the paragneiss 

samples. I f  our i n t e r p r e t a t i o n ,  t ha t  the pegmatite i s  a segregation, 

i s  i nco r rec t  and i t  i s  a c t u a l l y  o f  igneous o r i g i n ,  i t s  age would s t i l l  

prov ide a minimum f o r  the  paragneiss u n i t .  

Two o f  the K ig lua i k  Group paragneiss samples do not  l i e  on the  

735-m.y. isochron def ined by the o ther  samples. The sample which p l o t s  

t o  the l e f t  o f  the  l i n e  (70-ACH-26) a l s o  has a pecu l i a r  Th/U r a t i o .  

There i s  no obvious reason why 68-ASn-282 p l o t s  t o  the  r i g h t  of the  

l i n e  and appears t o  g i ve  a young age. B i o t i t e  was separated from 

87 86 
68-ASn-282 and analyzed f o r  Rb, S r ,  and S r  / S r  . The apparent age 

87 86 
o f  the  b i o t i t e  i s  103 m.y. i f  we assume the i n i t i a l  S r  / S r  o f  the  

paragneiss s u i t e  (0.7043 from f i g .  3 ) ;  o r  i t  i s  80 m.y. i f  we assume 

t h a t  the b i o t i t e  came i n t o  i so top ic  e q u i l i b r i u m  w i t h  the whole-rock 

sample. I n  e i t h e r  case, the  b i o t i t e  age has been reset  dur ing  

Cretaceous time. 



The Precambrian paragneisses o f  the  K ig lua i k  Group a re  int ruded 

by bodies o f  gne iss ic  gran i te .  The f o l i a t i o n  o f  these orthogneisses 

tends t o  be p a r a l l e l  t o  t h a t  o f  the surrounding paragneisses. I f  t h i s  

f o l i a t i o n  was imparted 735 m.y. ago, then the orthogneisses must a l s o  

be o f  Precambrian age. Unfor tunate ly ,  the Rb-Sr data fo r  t he  

orthogneiss samples does not  de f ine  a s i n g l e  1 ine  ( f i g .  4, data given 

i n  t a b l e  1 ) .  The sample from near Nome (70-ACH-30), the two samples 

from Kawal i k  Mountain (70-AH-616 and 70-AH-617, f i g .  I) ,  and one sample 

from the Kig 1 ua i k Mountains ( 6 8 - ~ ~ n - 2 8 2 a )  p l o t  near the  same i sochron 

as the paragneisses. The other  samples from the K ig lua i k  Mountains g i ve  

apparent ages both younger and o l d e r  than 735 m.y. F ive of these 

samples de f ine  a crude isochron o f  about 335 m.y. (dashed 1 ine, f i g .  4). 

One orthogneiss (70-AcH-14) g ives an apparent age o f  about 490 m.y. 

and another (70-ACH-19), about 90 m.y. This s c a t t e r  i n  the or thogneiss 

data can be in te rp re ted  i n  several ways, and no unique i n t e r p r e t a t i o n  

can be made a t  t h i s  time. Our p re fe r red  i n t e r p r e t a t i o n  i s  t h a t  the  

orthogneisses are a l l  o f  Precambrian age and t h a t  those i n  the  K i g l u a i k  

Mountains have been more o r  less reset  by the Cretaceous p lutonism and 

tectonism. Thus, the  crude alignment o f  t he  f i v e  samples along a 

335-m.y. isochron i s  f o r t u i t o u s .  





Sainsbury (o ra l  commun., 1976) s ta ted t h a t  he r e v i s i t e d  the 

K ig lua i k  Mountains area i n  1972 and 1973. He bel ieved t h a t  these 

rocks (70-AH-616 and 70-AH-617) may be hyb r id  rocks formed by 

K-metasomatism o f  Precambrian rocks, the  potash being der ived from a 

g r a n i t i c  i n t r u s i v e  o f  Cretaceous age. I f  so, the anomalous ages der ived 

f o r  these rocks are  explained on the bas is  o f  i so top ic  mixing. 

To g i ve  credence t o  the 335-m.y. age would requ i re  t h a t  the  K i g l u a i k  

orthogneisses formed by anatexis o f  a p reex is t i ng  c rus ta l  rock 335 m.y. 

86 
ago. This conclusion i s  based on the h igh  i n i t i a l  ~ r ~ ~ / s r  r a t i o  

(0.720) o f  the 335-m.y. isochron. Such c r u s t a l  anatexis  would requ i re  

an unusual geothermal gradient  and presumably there  would be o the r  

mani festat ions o f  such an event. No known evidence i n  the geologic 

record supports such an i n t e r p r e t a t i o n .  

Inspect ion o f  f i g u r e  4 might a l s o  suggest t h a t  t he  335-m.y. 

isochron i s  a metamorphic isochron ( t h a t  i s ,  an o l d e r  rock was meta- 

morphosed a t  335 m.y. causing the s t ron t ium isotopes t o  e q u i l i b r a t e  

between samples). The samples are too w ide ly  spaced, however, f o r  

such an i n t e r p r e t a t i o n  t o  be p laus ib le .  



RADIOELEMENT DISTRIBUTION 

The radioelement ( ~ a e ~ ,  Th, and K )  contents o f  a l l  the major 

geologic u n i t s  o f  the K ig lua i k  Mountains except an unnamed s l a t e -  

p h y l l i t e - s c h i s t  u n i t  were determined. The purposes o f  t h i s  ana lys is  

were t o  conf i rm the presence o f  the  regional  h igh  thorium contents 

found i n  a few e a r l y  reconnaissance samples and t o  ascer ta in  whether 

the var ious geologic u n i t s  might have c h a r a c t e r i s t i c  radioelement 

contents and r a t i o s  t h a t  could be used i n  reconnaissance mapping. 

The radioelement contents o f  the samples c o l l e c t e d  i n  the  v i c i n i t y  

of the K ig lua i k  Mountains are given i n  t a b l e  2 and a re  shown i n  r e l a t i o n  

t o  the geologic u n i t s  i n  f i g u r e  5. Averages o f  radioelement contents 

and r a t i o s  i n  the rocks are given i n  t a b l e  3; l i t e r a t u r e  values f o r  

average radioelement contents i n  major categor ies o f  igneous rocks are 

included f o r  comparison. The r e l a t i o n  between Th and RaeU contents i n  

the rocks o f  the K ig lua i k  Mountains i s  shown i n  f i g u r e  6; s i m i l a r  data 

fo r  RaeU and K contents a re  shown i n  f i g u r e  7. 

The radioelement contents i n  the  paragneiss samples o f  t he  K i g l u a i k  

Group are  near the  averages f o r  in termediate igneous rocks ( t a b l e  3). 

The RaeU content i n  the  paragneiss i s  s l i g h t l y  lower than the average, 

and the h i g h  Th/RaeU and low RaeU/K r a t i o s  i nd i ca te  t h a t  the  paragneiss 

may be depleted i n  RaeU. The dep le t ion  may be a near-surface e f f e c t  o f  

weathering and surface-water movement which has removed so lub le  Ra 
226 

from the rock. The Th/K r a t i o  I s  c lose t o  the  average f o r  most igneous 

rocks, which ind ica tes  t h a t  the process causing the  RaeU dep le t i on  had 

l i t t l e  e f f e c t  on the o t h e r  radioelements. 



Table 2.--Concentrations and r a t i o s  o f  radioelements, K ig lua i k  Mountains 

Sample No. ppm RaeU ppm Th % K Th/RaeU RqeU/K x Th/K x l om4  

Paragneisses of K ig lua i k  Group 

70-AcH- 17 0.37 1.10 4.13 2.8 0.09 0.27 

70-AcH-2 1 1.07 7.48 4.77 7.0 0.22 1.6 

70-AcH- 26 0 -  77 9.44 1.93 12.3 0.40 4.9 

70-AcH- 15 1.82 9.91 1 .90 5.4 0.96 5.2 

67-ATs- 132 2.29 10.77 2.61 4.7 0.88 4.1 

70-AcH- 16 1.98 1 1.05 2.31 5.6 0.86 4.8 

Orthogneisses 



Table 2.--Concentrations and r a t i o s  o f  radioelements, K ig lua i k  Mountains cont inued 

Sample No. ppm RaeU ppm Th % K Th/RaeU Raeu/K x Th/K x 1 0 ' ~  -- 
Schists o f  t he  Nome Group 

Metaqabbro 

67-ATs- 1 56A 0.39 0.51 0.01 1.3 39.0 51 .O 

67-ATs- 161 0.41 0.40 0.08 1 .O 5.1 5 0 

67-ATs-197A 0.35 1.21 0.25 3.5 1.4 4.8 

67-ATs-222 0.54 1.63 0.62 3 . 1  0.87 2.6 

67-AKd-212 0.91 1.94 0.12 2.1 7.6 16.2 

Cretaceous g ran i t i c rocks 

70AcH-23 3.44 26-99 4.15 7.9 0.83 6.5 

67-ASn-31A 3-97 41.39 5.15 10.4 0.77 8.0 

67-ATs- 184A 4.52 27-85 4.60 6.2 0.98 6.1 

68-ASn-280 6.17 48.48 4.49 7.9 1.4 10.8 

67-ASn-124 8.25 57.39 4.52 7.0 1.8 12.7 





Table 3.--Averages of radioelement contents and ratios in rocks of the Kigluaik Mountains 

and summary of published averages for igneous rocks 

ppm RaeU PPm Th % K Th/RaeU ~ae~/Kx10-~ ~ h / ~ x l  o - ~  

Paragneiss of Kigluaik Group -------- 1.60 10.4 2.98 6.6 0.60 3.8 

Orthogneiss, all samples ------------ 7.18 39.0 2.92 8.3 3.5 4 1 

Orthognei ss, >6 ppm RaeU, >4% K ----- 10.6 41.5 4.41 4.2 2.4 9.1 

Orthogneiss, <4 ppm RaeU, <3% K ----- 3.11 36.1 1.12 13 4.8 78 

Schists of Nome Group --------------- 1.61 7.10 1.15 4.5 1.7 7.7 
Metagabbro .......................... .50 1.13 .21 2.2 10.8 16 

Cretaceous granitic rocks ----------- 5.27 40.4 4.58 7.9 1.2 8.8 

Averages in igneous rocks : (references in parentheses) 

Continental ,.rust ------------------- 2.8 (la.2) 6-10 (lb). 1.6-2.6 (4) 3.5-4 (Ib) 1 (la) 
10.0 2.6 (2) 3.6 (2) 

intermediate ........................ 2.0-2.6 (3) 8.5-9.3 (3) 2.7,3.0 (4) 4.1 (5) .7-1 ( 6 )  2.8-3.4 (6) 

Sil i c i c  ............................. 4.7 (3) 20 (3) 3.6 (la) 4.5 (5) 1.29 (2) 5.0 (3) 
4 (la) 18 (la) 3.79 (2) 4.0 (3) 1.3 (2) 4.9 (2) 
4.75 (2) 

(la) Rogers and Adams, 1969b. 

(1 b) Rogers and Adams, 1969a. 

(2) Heier and Rogers, 1963. 

(3) Clark, Peterman, and Heier, 1966. 
(4) Cocco and others, 1970. 

(5) Peterman, 2. E., written commun., 1963. - .  

(6) Calculated from pub1 ishing values. 



RaeU, IN PARTS PER MILLION 

Figure 6.--Log-log p l o t  o f  thorium and uranium ( R a e ~ )  concentrations. 

Dots are  Precambrian orthogneisses; c i r c l e s  a re  Cretaceous g r a n i t i c  

rocks; s o l i d  squares are  paragneisses o f  the Kigluaik Group; open 

squares a re  schists o f  the Norne Group; and stars a r e  Precambrian 

metagabbro samples. 



1 .o 
K ,  I N  PERCENT 

Figure 7. --Log-log p l o t  o f  uranium ( R a e ~ )  and potassium 

concentrations. Dots a r e  Precambrian orthogneisses; 

c i r c l e s  are  Cretaceous g r a n i t i c  rocks; s o l i d  squares 

a r e  paragneisses o f  the K ig lua ik  Group; open squares 

a r e  schists o f  the Nome Group; and s tars  a r e  Pre- 

cambrian metagabbro samples. 



The or thogneiss samples appear t o  form two groups d is t ingu ished 

by the RaeU and K contents; the average Th content i s  near ly  the same 

i n  both groups. The samples i n  one group conta in  more than 6 ppm RaeU 

and more than 4 percent K; samples i n  the  o ther  group conta in  less  than 

4 ppm RaeU and less  than 3 percent K ( t a b l e  3 ) .  The group w i t h  the  

h igher RaeU and K contents has radioelement contents and r a t i o s  s i m i l a r  

t o  those i n  t y p i c a l  a l k a l i  g ran i tes .  The near-normal r a t i o s  i n  the  

samples i nd i ca te  l i t t l e  disturbance o r  m ig ra t i on  o f  the radioelements 

i n  the  rock dur ing  metamorphism. The group conta in ing  lower amounts 

of RaeU and K appears t o  be e i t h e r  depleted i n  both o f  those rad io-  

elements o r  enriched i n  Th,and the  radioelement r a t i o s  are  abnormal. 

The data i nd i ca te  t h a t  the radioelement contents i n  the  group conta in ing  

the  lower RaeU and K have been a l t e r e d  g rea t l y ,  and t h a t  the  two 

d i s t i n c t i v e l y  d i f f e r e n t  types of rocks comprising the orthogneiss were 

e i t h e r  o f  d i f f e r e n t  m a t e r i a l s i n i t i a l l y o r  were subjected t o  d i f f e r e n t  

cond i t ions  du r ing  metamorphism. 

Most o f  the  samples o f  sch is t s  o f  the  Nome Group have rad io-  

element contents s i m i l a r  t o  the  averages f o r  in termediate igneous rocks 

( tab le  3). The normal r a t i o s  o f  the radioelements ( f i g s .  6 and 7) i n  

most o f  t he  samples i nd i ca te  t h a t  n e i t h e r  metamorphism nor recent 

weathering has p r e f e r e n t i a l l y  mobi l i zed the  radioelements. The RaeU 

and Th contents o f  the  sch is t s  o f  the  Nome Group and paragneiss of t h e  

K ig lua i k  Group are very s i m i l a r ,  but  t he  K contents are s i g n i f i c a n t l y  

d i f f e r e n t .  



The lowest radioelement contents occur i n  gabbro and metagabbro, 

which in t rude s l a t e  and c h l o r i t i c  sch is ts .  This rock occurs as a ser ies  

of small i n t rus i ves  w i t h  a northward t rend i n  the  western p a r t  o f  the 

K ig lua iks .  The radioelement contents i n  the  metagabbro are  l ess  than 

0.9 ppm RaeU, less than 2.0 pprn Th, and less than 0.7 percent K. 

Radioelement contents such as these are t y p i c a l  f o r  basa l ts  and 

gabbros. 

The average Th and K contents o f  the Cretaceous g r a n i t i c  rocks and 

the  Precambrian orthogneisses conta in ing  the greater  abundances of RaeU 

and K are  very s i m i l a r  ( t ab le  3) .  The c h a r a c t e r i s t i c  t h a t  d i s t i ngu ishes  

between the g r a n i t i c  rocks and the orthogneisses i s  the  greater  RaeU 

abundance i n  the  orthogneiss. The Th content i n  both groups i s  about 

twice the average f o r  s i l i c i c  igneous rocks. The above-average thorium 

content i n  the K ig lua i k  Mountains samples i s  not  unique. S im i la r  Th 

contents have been reported ( ~ o g e r s  and Adams, 1969a, p. 90-E-1) f o r  

Precambrian mica g ran i tes  i n  the Ukranian s h i e l d  (33 pprn average), 

second intrusive-phase a l k a l i c  g ranod ior i tes  t o  a l k a l i c  g ran i tes  i n  

T e r t i a r y  Megrinsk i n t rus i ves  o f  Armenia (32 ppm average), and the Conway 

Granite, an a l k a l  i c  g r a n i t e  o f  New Hampshire (56 ppm average). 



The radioelement analyses o f  the samples from the K ig lua i k  Mountains 

show t h a t  unusual ly h igh  thorium contents measured i n  a few reconnaissance 

samples were representat ive and conf i rm the  presence o f  regional  h igh  

thorium contents. I n  t h i s  area, Th contents o f  about 25-55 ppm are 

common; a long- l i ved thor ium-r ich  province i s  ind ica ted by the s i m i l a r i t y  

i n  the Th contents i n  the rocks o f  a wide range o f  geologic age. The data 

a l s o  show t h a t  most rocks i n  the major geologic u n i t s  can be i d e n t i f i e d  

from the radioelement content and r a t i o s .  

Sainsbury reported (o ra l  commun. , 1976) tha t  exp lo ra t i on  f o r  

rad ioac t i ve  minerals dur ing  the years 1972-1974 by AirSamplex Corporat ion, 

under con t rac t  t o  Wyoming Minerals Corporation, led  t o  the discovery o f  

h i g h l y  rad ioac t i ve  deposits conta in ing  ore-grade concentrat ions of 

uranium and thorium along the eastward cont inuat ion  o f  the K ig lua i k  and 

Bendeleben Mountains. Descr ipt ions o f  these deposi ts  have not  ye t  been 

published. 

. From the above, we can conclude t h a t  the work reported herein, 

which demonstrates the  unusual ly h igh  thorium content o f  many rocks i n  

the K ig lua i k  Mountains, may be expected t o  de l ineate  o the r  b e l t s  o f  

rocks favorable f o r  the  occurrence o f  pr imary deposi ts  o f  uranium 

and thorium i f  app l ied  elsewhere i n  Alaska. I t  i s  hoped t h a t  the data 

presented i n  t h i s  repor t  w i l l  enable the  ser ious worker t o  recognize 

what must be considered abnormal v a r i a t i o n s  and concentrat ions o f  

uranium and thorium i n  rocks s i m i l a r  t o  those studied i n  the K ig lua i k  

Mountains. 
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