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GEOPHYSICAL AND PETROLOGIC STUD1 ES OF RADIOACTIVE CONTACT 
ZONES OF PYROXENITE DIKES I N  NEPHELINE SYENITE DF THE 

EKIEK CREEK PLUTONJ WESTERN ALASKA 

A ground geophysical, petrographic. and petrophysical 

study was made of a Subsilicic cornpos!te pluton, the Ekiek 

Creek Complex of Miller (1972). In western Alaska to 

determine the sources of cofncident total-count g m - r a y  

and aerornagnetic anomalies detected in aerial surveys. Thts 
pluton Is related to a series of subsllicic intrusive stocks 

in western Alaska and the eastern Siberian peninsula 
(Miller, 1972). (fig. 1 ). Airborne radiometric studies of 

several of the stocks in Alaska indicate uranium 
mineralization. and ground surveys have shown low-grade 

uranium concentrations of as much as 92 ppm (Jones. 1976). 

hving to the lack of outcrops, the morphology of these 

stocks must be delineated by geophysical methods. 
The project included data collection in the 3x5 km 

study area, and petrographic and petrophysical analyses of 
representative samples. Field geophysics involved nine 

m j o r  east-west traverses, as well as a number of shorter 

crossing traverses, and totaled 35 ltne kin of magnetic. VLF. 
and four-channel gamna-ray spectrometer measurements. 
Petrophysical work on the samples included measurements of 
remanent magnetism and magnetlc susceptibility, denslty, and 

electrical resistlvity. Detailed petrographic studies of 



representative samples also were made. Microscoplc contact re la t i ons  between the pyroxenlte and 
The Eklek Creek p luton i s  a composite stock of syenite show the syenite t ransect ing preexis t ing f l ow  

Cretaceous age Which Intruded Lower Cretaceous s l l l c i c  structures i n  the pyroxenite. 

stocks and volcanlc rocks, IB includes two major Although many o f  the contact re la t i ons  between the two 

sf l ica-undersaturated rock types, fine-grained pyroxenite major rock types suggest t h a t  the syenite, as the younger 

and medium-grained nepheline syenite. F ie ld  re la t ionships rock. intruded the pyroxenite, the tabular  pyroxanlte i n  the 
between the two are anomalous. The pyroxenite occurs as syenlte points  t o  the pyroxenite belng the youngest rock. 

broad tabular  bodies I n  the syenite, but  contact zones show The increasing predomlnance of garnet and orthoclase i n  the 

veins o f  syenite through pyroxenite, and syenite along pyroxenite near the contact i nd l ta tes  an interaction between 
j o i n t s  i n  pyroxenite, suggesting tha t  the syenite intruded the two rock types. It does not  seem l i k e l y  tha t  the 
the pyroxenite. Extensive i r o n  oxide a l t e r a t i o n  was noted syenite. w i t h  a relatively low sol idus temperature. could 

1 along the contact tones, but  no ore minerals were observed. l o n l c a l l y  diffuse through the pyraxenfte t o  produce the 
garnet and orthoclase. The reverse s i tua t ion  i s  more 

probable, w i t h  the pyroxenite ass imi la t ing the components o f  

the syenite along the contact. The pyroxenite in t ruded the 

! f e l s i c  c r y s t a l l l n e  mush, w i t h  some assimilat ion. and. owing 
t o  i t s  higher sol idus temperature, c r y s t a l l i z e d  I n  the mush. 

Cooling produced shrinkage cracks i n t o  which the f e l s l c  mush 

was drawn, fomlng whet now appear t o  be dikes o f  syeni te  Tn 
pyroxeni te. 

As o f  t h i s  wr i t ing,  the ground magnetometer. VLF, and 

gamna-ray data await position-recovery, and, i n  the case of 

magnetic data, snmothing before they can be contoured. 

Samples co l l ec ted  a t  about 45 rubble-crop exposures y l e l d  a 
generalized geologic map. However, a much more de ta i l ed  
geological map should r e s u l t  when geophysical contour maps 

become avai lable. 

Flgure 2 shows ground magnetic, VLF, and g a m - r a y  

prof i les co l l ec ted  on an east-west traverse across the 

Figure 1 

Petrographic studies o f  the samples co l lected i n  the 

f i e l d  show a metamorphosed contact zone i n  addi t ion t o  
unaltered pyroxenite and nepheline syenlte. The f e l s i c  

rocks contain major orthoclase and nepheline, and va r ie ta l  
b i o t i t e ,  aegcrine, and sphene. Melanite, a t i t a n i u m r i c h  

andradlte garnet, occurs I n  var lab le amounts as deep-brown 
0.3 

euhedral c rys ta l s  o f  seemingly igneous or ig in .  Zeol i tes, - ,, 0.2 

se r l c i te ,  and canc r in i te  are comnon a l te ra t ion  products. 0.1 
0 

The f e l s i c  rocks grade t e x t u r a l l y  from f ine-grained 2 O 
-0.1 

hypidiomorphic-granular rocks t o  coarse porphyries 'r -0.2 

containing orthoclase phenocrysts. The fe l s i c  rocks contain -0.3 
less than 15 percent mafic minerals, no t  inc lud ing melanite, 2500 

and orthoclase i s  much more comnon than nepheline. 2000 
The pyroxenites are f i n e  t o  medium grained i n  t h i n  5 I500 section, and are composed o f  predominant aegerine-augite and 

b i o t i t e ,  and minor orthoclase, nepheline, sphene, and 1000 
4 - 

zeol i tes.  Melanite, s ign i f i can t l y ,  i s  absent. Flow 2 
textures are present i n  a few o f  the samples. 500 

I n  contact zones p o i k i l o b l a s t i c  mafic minerals comnonly 0 
contain inclusions o f  f ine-grained melanite and orthoclase. Wart 

P0C.S EOlt  
The orthoclase and garnet become more comnon near the 1 

I km 
syenite, and euhedral garnets along the contact are 

p o i k i l o b l a s t l c  w i th  inclusions o f  aegerine-auglte. Figure 2 



pluton. Magnetic highs labeled A and B coincide w l th  zones 

o f  high conductivi ty. indicated by the "tangent t i l t  angle" 

VLF prof i le .  
Magnetlc and VLF anornalies A and B coincide w i th  

occurrences of pyroxenite. Anomaly B was traced i n  dete l  l 
and found t o  be continuous f o r  500 m south and 1,600 m nor th 

o f  the east-west traverse. It f s  bel ieved t o  mark a 
north-south-str iking tabular  body o f  pyroxenite a t  l eas t  

2.100 m long. Magnetic and,VLF anoml ies labeled A also 

occur on several east-west p r o f  i l e s s  suggesting the presence 

o f  a second north-south tabular  body. but  the anomalies were 
not traced w l t h  the d e t a i l  o f  anomaly B. Anomaly C d i d  no t  

show a c lear  VLF expression. I t s  appearance on several 

p r o f i l e s  suggests a possible t h i r d  north-south-trending 

tabular  body. Remanmt magnetism and s u s c e p t i b i l i t y  

measurements of samples show t h a t  the pyroxenite i s  more 

magnetic than the nepheline syenite. 

The good co r re la t ion  between the rnagnetic and V1F 
anornalies may occur because the ground i s  permanently 

frozen. Under ordinary temperature condit ions V1F 
measurements are dominated by i o n i c  conduction I n  water 

f i l l e d  fractures. I n  frozen ground. however. I c e - f i l l e d  

f ractures would be non-conductlie, and the VLF technique may 
be senst t ive t o  changes i n  l i t ho logy .  

The gamma-ray spectrometer traverses show zones o f  

highest r a d i o a c t i v i t y  along contacts between pyroxenite and 

nepheline syenite. Total counts measured over the contacts 

are 6 t o  10 times those o f  the background over the muskeg. 

and 1.5 t o  2.5 times those measured over the rubble-crops o f  
the p luton as a whole. Iron-oxide staining, perhaps 

ind ica t ing  hydrothermal a l te ra t ion .  i s  prominent along the  

contact zones. Detai led p r o f f l i n g  by gamna-ray spectrometer 
shows t h a t  I r o n  oxide-stafned rocks are more radioact ive 
than average, but  the highest readings were obtained over a 

sharp, unoxidized contact o f  pyroxenite against nepheline 

syenite. 

On a scale o f  kilometers, aeromagnetlc highs of the 

Ekiek Creek p luton and o f  other a l k a l i c  plutons nor th of the 

Selawik H i l l s  corre late w l t h  r a d i o a c t i v i t y  anomalies. On a 

scale of 10 t o  100 m. r a d i o a c t i v i t y  anomalies co r re la te  w i t h  

contact zones between pyroxenite and nepheline syenite. The 
pyroxeni t e  i s  dist inguished by magnetic and VLF conductlvi  t y  

highs. Thus magnetic and e l e c t r i c a l  measurements. on e l t h e r  

scale, may be too ls  f o r  locat ing possible uranium 

mineral izat ion. 

Jones, B. K., 1976, Uranium and thorium i n  g r a n i t i c  and 
a lka l i ne  rocks i n  western Alaska: Master's thesis. 
Univers i ty  o f  Alaska, 123 p. 

M i l l e r .  T. P.. 1972. Potassium-rich a l ka l l ne  intrusive rocks 

of western Alaska: Geol. Soc. America Bull., v. 83, 
p. 2111-2128. 



URANIUM AND THORIUM DISTRIBUTION 114 CONTINENTAL TERTIARY 
ROCKS OF THE COOK 1riLE-r BASIN AND SOME ADJACENT AREAS, ALASKA 

r 
The d i s t r i b u t i o n  o f  uranium I n  potent ia l  host rocks may area, and a large'thlckness o f  continental sedimentary rocks q 

i nd i ca te  whether the uranlum was leached from po ten t ia l  containing carbonaceous mater ia l  i s  found I n  the basin. The 

source rocks and concentrated i n  the host rocks i n  the Cook Important question i s  whether o r  not  uranium has been 

I n l e t  area. inc lud ing the Susftna lowlands and the lower end leached from the potent ia l  source rocks and concentrated i n  

of the Matanuska val ley. Suitable uranium source rocks I n  the po ten t ia l  host rocks. One approach t o  th4s problem. 

the fotm o f  g ran i te  and t u f f  are present i n  the surrounding although n o t  a proven technique. i s  t o  determine the present 

kl 

Table 1.--Sources o f  samples f o r  uranium and thorium analys is  

S t ra t ig raph ic  Area Age Rock descr ip t ion  I n  area o f  
un l  t sampl i ng 

S t e r l  l ng McNeil Canyon, N i n i l c h i k  beach Pliocene- Sandstone, reddish-brown and gray; ,? 

Formation. and Southern Kenai Peninsula. Miocene. gray mudstone and shale; and coal. 
F l u v i a l  sequence. $ 

i 
Be1 uga 

Formation. 

Tyonek 
Formation. 

Homer b l  u f  f , Miocene. Sandstone, gray and reddi  sh-brown , 
Southern Kenai Peninsula. f i n e -  t o  medi um-grai ned , some 

c a l c i t i c  cement; gray shale and 
mudstone, and coal.  F l u v i a l  
sequence. 

Capps Glac ier  and Miocene- Sandstone, 1 ight-brown, f i n e -  t o  
Chuitna River, 01 igocene. coarse-grai ned, conglomeratic; 
20-30 km northwest o f  Tyonek. gray mudstone and coal.  F l u v i a l  

sequences. 
!r 

West Foreland Be1 uga River, Eocene. S i  1 t s tone  and shale, gray, hard, 
Fonnation. 17 km nor th  o f  Tyonek. m-icaceous. 

Kenai Group Near Houston and P l  iocene- Sandstone, brownish-gray , f i n e -  i i 

undi f ferent ia ted.  Pe te rsv i l l e .  Oligocene. grained, hard and s o f t ;  and I I 
shale, gray, hard, mlcaceous. 4 

> 
Chickaloon Premier coal mine, Paleocene. Sandstone and conglomerate, gray 

Formation. Glenn Highway, and and l ight-brown, s o f t  and hard, 
Chickaloon River. arkos ic :  shale and mudstone, 

gray and brown; and coal.  



d f s t r i b u t i o n  of uranium Tn the  po ten t ia l  host rock t o  see i f  Table 2.--Distr ibut ion of uranium and thorium i n  continental 

i t  has been mobillzed by d issolut ion,  transported, and :ELt:: 
An advantage of t h i s  approach i s  t h a t  i t  a4e values and ra t ios ,  

provides background data t h a t  w f l l  a i d  i n  the recognl t lon o f  
[Numbers i n  parentheses are number o f  samples averaged.] 

areas af fected by uranium minera l izat ion.  
A t o t a l  o f  57 samples of po ten t ia l  host rock were Thorium Uranium Uranium: 

(PP) (ppm) t h o r i  um 
col lected from various l o c a l i t i e s  i n  the Cook I n l e t  area r a t i o  
( tab le  1). Thorium and uranium were determined i n  these 

samples by the delayed-neutron method i n  the analytical 

laborator ies o f  the U.S. Geological Survey a t  Lakewood. 

colo. One measure of the precision of the data i s  the 

c o e f f i c i e n t  of va r ia t i on  for  the counting s t a t i s t i c s ,  which 
averaged 19 percent for thorium determinations and 4.5 
percent f o r  uranium determinations. 

The Cook I n l e t  basin i s  a s t ruc tu ra l  fault-bounded 

basin i n  southern Alaska between the Alaska Range t o  the 

west and the Chugach Mountains and Kenai Mountalns t o  the 

east. It i s  about 300 km long and 100 km wide. More than 

h a l f  of the area i s  submerged i n  Cook In le t ,  which opens 

i n t o  the Gul f  of Alaska t o  the southeast and the Shelikof 

S t r a i t  t o  the southwest, The Cook I n l e t  basin contains 
about 7,925 m o f  continental sedimentary rocks tha t  compose 
the Ter t i a ry  Kanai Group and West Foreland Formation. 

Caldemood and Fackler (1972) have d iv ided the Kenai Group, 
i n  ascending order, i n t o  the West Foreland Formation, 

Hemlock Conglomerate, Tyonek. Be1 uga , and S te r l  fng 

Formations ( tab le  1). Later Magoon, Adkison, and Egbert 

(1976) removed the West Foreland from the Kenai; and t h e i r  

usage w i l l  be followed i n  t h i s  repor t .  The Susitna 

lowlands, which are separated from the Cook 11ilet basln by 

the Castle Mountain fau l t ,  may be a northern extension o f  

the basin. 
The Matanuska va l ley i s  a fault-bounded basin between 

the Talkeetna Mountains t o  the nor th and the Chugach 

Mountains t o  the south. The va l ley,  which connects t o  the 

Cook I n l e t  basin along i t s  northeast margin, contains about 
2.135 m of Te r t i a ry  continental sedimentary rocks. These 
rocks are d iv ided t n t o  three formations, i n  ascendlng order, 

the Chickaloon. Wishbone, and Tsadaka ( tab le 1; Magoon and 

others, 1976). 
The thorium and uranium contents found i n  continental 

sedimentary rocks i n  the Cook I n l e t  area are remarkably 

uniform ( t a b l e  2). The uranium content averaged about 2.4 

ppmandthe range was from about 0.5 t o  4.3 ppm. The 

I th0rirn:uranium r a t i o  averaged about 2.3, low compared t o  
the general t e r r e s t r i a l  r a t i o  o f  3-4, and low compared t o  

many ox jd ized nonmarine sedimentary rocks t h a t  

charac te r i s t i ca l l y  have r a t i o s  o f  more than 7 (Adams and 

Weaver, 1958). Shale. s t1  tstone. and mudstone samples 
contain about 1 ppn more uranium than sandstone samples. 
This d i f ference may have resul ted from s l f g h t l y  more 

leaching o f  uranium from porous sandstone o r  adsorption by 
the clay, bu t  i t c ~ u l d  also have resul ted from depositional 

segregation of heavy uranlum-bearing minerals i n t o  p lacer  

- -- 

A l l  samples 5.59 (57) 2.38 (66) 2.30 (57) 

S te r l i ng  Formation 5.27 (15) 2.13 (21) 2.19 (15) 

Be1 uga Formation 5.22 (20) 2.24 (22) 2.38 (20) 

Tyonek Formation 6.14 (2 )  4.00 (2) 1.51 (2)  

Nest Fore1 and 
Formation 8.95 (2)  2.97 ( 2 )  3.01 (2 )  

Kenai Group 
undifferentSated 4.69 (4) 1.97 (4) 2.37 (4)  

Chickaloon Formation P.68 (7)  2.85 (7) 2.22 (7)  

Reddish-brown sandstone 4.16 (17) 2.01 (17) 2.12 (17) 

Gray sandstone 4.34 (18) 1.99 (18) 2.18 (18) 

Yudstone, s i t  tstone, 
and shale 6.84 (21) 2.88 (21) 2.42 (21) 

deposits. Reddlsh-brown sandstone, which presumably was 

subjected t o  oxidation, has nearly the same uranium content 

as gray sandstone, i nd ica t ing  t h a t  the ox idat ion was 

i n s u f f i c i e n t  t o  leach uranium from the sandstone, 

The low uniform uranlum content and the low 
thorium:uranlum r a t i o  found i n  Ter t i a ry  sedimentary rocks o f  

the Cook I n l e t  area may ind jca te  tha t  geochemical condi t l ons  

have no t  been favorable f o r  the formation o f  epigenetic 
uranium deposits i n  these rocks, b u t  i t  I s  Important t o  note 

t h a t  the samples co l lected and analyzed f o r  t h i s  repor t  may 

no t  adequately represent the la rge  amount o f  po ten t ia l  host  
rocks. Not known yet, f o r  instance, are the geochemical 
condit ions t h a t  existed i n  the subsurface, especia l ly  around 

petroleum accumulations. Hayes. Hams. and Wllson '(1976) 
reported rocks i n  the S te r l i ng  Formation tha t  contain 

montmori l lonite and some from whlch volcanic glass has been 
dissolved. None o f  these samples were evaluated i n  t h i s  

report.  

Adams, J. A. S., and Weaver. C. E., 1958, Thorium-to-uranium 
r a t i o s  as indicators of sedimentary processes--example 
o f  concept o f  geochemical facies: Am. Assoc. Petraleum 
Geologists Bull., v. 42, no. 2, p. 387-430. 

Caldemood, K. W.. and Fackler. W. C., 1972. Proposed s t r a t i -  
graphic nomenclature f o r  Kenai Group. Cook I n l e t  basin, 

Alaska: Am. Assoc. Petroleum Geologists Bull., v. 56. 
no. 4, p. 739-754. 




