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ABSTRACT AND GENERAL INTRODUCTION 

BY 

Reuben Kachadoorian 

Abstract 

The Chariot t e s t  s i t e  a t  Ogotoruk Creek i n  the  v i c in i t y  of Cape 

Thompson, Alaska, i s  topographically and geological ly  wel l -s i tuated f o r  the  

construction of an experimental deep-water excavation a s  proposed by t he  

Atomic Energy Commission. 

The rocks of the  area  consis t  e n t i r e l y  of consolidated e l a s t i c  and 

chemical sediments of marine and brackish water deposi t ional  environments. 

They include sandstone, c a l c i t i c  and dolomitic limestone, chert,  a r g i l l i t e ,  

mudstone, s i l t s t one ,  and graywacke. A l l  t he  rocks have been highly deformed 

and very s l i g h t l y  metamorphosed. The rocks range i n  age from Early Missis- 

sippian t o  Ju rass ic  ( ?  ) and Cretaceous. 

The mate r ia l  t o  be excavated cons i s t s  ch ie f ly  of mudstone, s i l t s t one ,  

and sandstone of the  Tiglukpuk formation of ~ u r a s s i c ( 7 )  age. Test  holes 

Able and Baker ind ica te  t h a t  t he  devices w i l l  be located e n t i r e l y  i n  frozen 

mudstone containing numerous small f a u l t s .  The f a u l t  zones i n  the  mudstone 



are generally l e s s  than 1 foot thick. I n  Hole Baker, however, there is a 

14.1-foot f a u l t  zone from 136.2 f ee t  t o  150.3 f e e t  below the surface. 

Locally, the mudstone i s  so highly fractured tha t  it occurs a s  sp l in ters  118- 

t o  114-inch thick, 1/2- t o  1-inch wide, and about 3 inches 10%. 

During the d r i l l i ng  program i n  1959 the walls of the holes slumped in to  

the bottom of the hole when the re la t ive ly  warm d r i l l i n g  f l u i d  thawed the 

permafrost i n  the mudstone. Slumping of debris into the hole w i l l  be one of 
* .r* 

the major problems during the construction of the device holes i f  proper 

techniques a r e  not u t i l i zed .  The greatest  amount of slumping w i l l  take 

place i n  the f a u l t  zones and the unconsolidated materials t ha t  overlie the 

mudstone i f  they are  allowed t o  thaw. 

The moisture content of the rocks i n  place probably i s  much higher than 

tha t  reported by the Corps of Engineers f o r  samples of the rock. The reported 

moisture content (0.28 t o  5.67 percent) was based on thawed core sent t o  

the Corps of Engineers laboratory i n  Anchorage, Alaska, and no consideration 

could be given t o  the f a c t  tha t  the rocks are perennially frozen and tha t  

some of the fracture zones may contain i ce .  It i s  believed tha t  the 

moisture content i s  i n  the v ic in i ty  of 10 percent i n  the rocks tha t  underlie 

the t e s t  s i t e .  

On the bas is  of preliminary geothermal data the tentat ive depth of perma- 

f r o s t  i n  Hole Able i s  a t  l e a s t  800 f e e t  below the surface and a t  l eas t  1,000 

f e e t  i n  Hole Baker. The absence of re l iab le  data concerning the lower half 

of Hole Baker makes it d i f f i c u l t  t o  determine the undisturbed geothermal 

gradient below the zone of climatic change. 

Seismic measurements i n  the frozen Tiglukpuk rocks indichte veloci t ies  

ranging from 11,500 t o  14,500 fps  and averaging about 13,500 fps. Surface 

refraction measurements suggest a s l ight  increase of velocity with depth, but 
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t h i s  increase with depth i s  not supported by the in-hole velocity logs. The 

d r i l l i ng  program planned fo r  the summer of 1959 could not be completed, so 

tha t  seismic veloci t ies  i n  the unfrozen mudstones beneath the permafrost 

could not be measured; therefore an attempt was made t o  measure by seismic 

refract ion the depth t o  the high vel,ocity chert and limestone tha t  i s  be- 

l ieved t o  underlie the Tiglukpuk. However, t h i s  refraction work had not 

been planned previously and neither suff ic ient  equipment nor time were 

available t o  obtain sat isfactory r e su l t s .  Although a higher velocity w a s  

measured near the north end of a 7,500-foot profi le ,  there i s  considerable 

doubt whether t h i s  higher velocity represents a deep refractor .  I f  the high 

velocity does represent a deep refractor,  i t s  depth i s  somewhere between 

1,000 and 1,750 fee t .  

The beach a t  the Chariot s i t e  i s  i n  a steady-state condition and i s  

not advancing toward the land a t  a r a t e  tha t  i s  s ignif icant  from an engineer's 

standpoint. Erosion behind the beach may be i n  the order of 1 or 2 f ee t  a 

century. The net alongshore transport of sediments i s  approximately 5 cubic 

yards an hour t o  the southeast during the ice-free periods. However, during 

heavy storms the beach transport of sediments may be more than 1,000 cubic 

yards per hour. Therefore, j e t t i e s  should be constructed on each of the ex- 

cavated channels t o  accommodate the volume of material tha t  may be moved 

during these storms. 

Shallow and deep aquifers ex i s t  i n  the t e s t  s i t e  area. The shallow 

aquifers consist  principally of unconsolidated material dependent upon recharge 

from surface sources during the summer. The deep aquifers are i n  permeable 

portions of bedrock and receive recharge water from dis tan t  sources. Both 

types of aquifers may be contaminated by any radioactive fa l lout  from the pro- 

posed nuclear t e s t .  The shallow aquifers would receive contaminated surface 

water immediately, whereas it may take years f o r  the deep aquifers to  receive 

the contaminated surface water. 



On the basis  of data available the suspended sediment discharge of 

Ogotoruk Creek can be considered minor compared t o  the size of the proposed 

excavation. The chemical composition of the waters indicates springs as 

well a s  surface water ex i s t  i n  the v ic in i ty  of the t e s t  s i t e .  The radio- 

chemical leve ls  of the fresh waters are low and i n  the sane magnitude as  

are normally found. The highest beta ac t iv i ty  of the fresh waters was 

found i n  the two ponds approximately 6 miles north of the t e s t  s i t e ,  and 

might be ascribed t o  fa l lout  which has accumulated from previous detonations 

and which has not been flushed out owing t o  lack of natural drainage. The 

chemical composition of the water of the larger  control pond t o  the eas t  i s  

musual f o r  the area, i n  tha t  it has a high mineral content. 

For a l l  p rac t ica l  purposes no flow occurred i n  Ogotoruk Creek from 

October 1, 1958 t o  l a t e  i n  May 1959. There may have been s ome flow on 

cer tain scattered days but amounts were too small t o  be considered of any 

importance i n  the overall  surface water study. No defini te  conclusions can 

be drawn from the l imited stream-flow records obtained thus fa r ,  except 

t h a t  l i t t l e  flow i s  l i k e l y  between mid-October and mid-May. 

General introduction 

General statement 

In  1958 the U. S. Geological Survey was requested by the Atomic Energy 

Commission t o  conduct geologic studies t o  develop data which w i l l  contri- 

bute t o  determining the f eas ib i l i t y  and safety of detonating several nuclear 

explosives t o  create an excavation tha t  could be used f o r  a channel and 

harbor near the mouth of Ogotorulr Creek, northwest Alaska. The proposed 

t e s t  excavation i s  Project Chariot of the Atomic Energy Commission's 

Operation Plowshare Program. 



Previous work 

I n  t he  ea r ly  spring of 1958 the  U .  S.  Geological Survey was asked t o  

u n d e r t e e  a study t o  evaluate the  geologic and oceanographic f ac to r s  

re levant  t o  the  se lec t ion  of a s i t e  between Point Barrow and Nome, Alaska. 

Later, an a rea  between Cape Seppings and Cape Thompson, Alaska, was 

se lected and the  Survey prepared a repor t  on t h i s  20-mile area  (PAW;, 

Hopkins, and Lachenbruch, 1959). PAW;, Hopkins, and Lachenbruch's work 

w a s  based e n t i r e l y  on the study of published reports ,  manuscripts, f i e l d  

notes, and unpublished maps i n  the  f i l e s  of the  U. S,. Geological Survey. 

This information was supplemented by interviews with geologis ts  who had 

v i s i t e d  the  area,  and the  geologic in te rpre ta t ion  of a e r i a l  photographs. 

On the  ba s i s  of the  above sources of information, 3 s i t e s  were se lected i n  

t he  20-mile coasta l  s t r i p  from Cape Seppings t o  Cape Thompson. The repor t  

suggested t h a t  a geological  f i e l d  invest igat ion of the  3 s i t e s  be made t o  

determine the  most su i tab le  s i t e  f o r  the  t e s t .  

Accordingly, a Survey f i e l d  par ty  worked i n  the  area from July  7, 

1958 t o  August 25, 1958. The data  col lected on the  3 s i t e s  were discussed 

with representa t ives  of the  A t o m i c  Energy Commission, Lawrence Radiation 

Laboratory, Sandia Corporation, U. S. Corps of Engineers, and Holmes and 

Narver, Inc . , who v i s i t ed  t he  Survey par ty  from Ju ly  17 , 1958 t o  July  19, 

1958. On the  b a s i s  of the Survey findings it was decided t o  conduct the  

t e s t  a t  the  Ogotoruk Creek s i t e .  A report  was prepared by the Geological 

Survey and transmitted t o  the  Atomic Energy Commission during the  winter of 

1958 (~achadoorian,  Campbell, Sainsbury, and Scholl, 1958) . This report  

and the  repor t  by PAW&, Hopkins, and Lachenbruch were placed on open-file 

i n  October 1959 by the  U .  S .  Geological Survey. 



Present work 

This report includes the Geological Survey's participation i n  the 

investigation of the Ogotoruk Creek t e s t  s i t e  area during the 1959 f i e l d  

season. This en t i r e  phase of the investigative program i s  referred t o  a s  

Chariot, Phase 11, by the Atomic Energy Commission. The Survey investi-  

gation fo r  1959 consisted of 6 parts :  (1)  s i t e  geologic investigations, 

(2) a rea l  geologic mapping, (3) coastal  processes investigations, (4) geo- 

thermal investigations, ( 5 )  seismic velocity investigations, and (6) water 

resources investigations. The seismic velocity investigations, i n  turn, 

were i n  two categories: in-hole velocity and a seismic refraction investi-  

gation. The water resources investigation was i n  three categories: surface 

water, ground water, and quality of water investigations. The seismic 

refraction study was not i n  the or iginal  Geological Survey proposal fo r  

f i e l d  work f o r  1959, but was begun i n  the f i e l d  when it became apparent 

t h a t  in-hole velocity equipment could not provide needed information on 

seismic veloci t ies  of the rocks at depths t o  1,500 fee t  because the 

diamond-drilling program would not give required depth of 1,500 fee t .  

All pertinent major problems tha t  are associated with the Geological 

Survey investigations are considered i n  t h i s  preliminary report. Some 

revisions may be necessary when complete laboratory resu l t s  have been 

obtained, but the authors believe tha t  these revlsions w i l l  be s l ight  and 

w i l l  not materially a f fec t  the conclusions expressed i n  t h i s  report. 
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Lo cat ion 

The Chariot s i t e  area l i e s  north of the Arctic Circle i n  northwestern 

Alaska a t  longitude 16'j045'W. and la t i tude  68O06'~. , a t  the mouth of Ogotoruk 

Creek ( f i g .  1). The area i s  approximately 125 miles northwest of the town of 

Kotzebue and about 24 miles southeast of the town of Point Hope. The coastal 

processes investigation included the coastline from Sheshalik Spit, 110 @les  

southeast of the t e s t  s i t e ,  t o  the mouth of the Kukpuk River, 27 miles north- 

west of the s i t e .  

Accessibility 

The only means of access t o  the Ogotoruk Creek area a t  the present time 

i s  by boat, l i g h t  a i r c ra f t ,  o r  tracked vehicle. The Alaska highway system 

does not extend in to  northwestern Alaska. Light single-engine a i r c ra f t  can 

land a t  the s i t e  on a 700-foot a i r s t r i p  b u i l t  by the U. S. Geological Survey 

personnel i n  1958. Twin-engine a i r c ra f t  can land on a 2,200-foot a i r s t r i p  

constructed by the contractor, Holmes and Narver, Inc., i n  1959. 

Methods of f i e l d  work 

Onshore f i e l d  work by the Geological Survey consisted of a ser ies  of 

foot, tracked vehicle, and boat traverses, during which geological data 

were gathered and plot ted on ve r t i ca l  a e r i a l  photographs of 1 :40,000 and 

1:12,000 scale and on surface photographs ranging i n  scale from 1:600 t o  

1:3,000. The information was l a t e r  transferred t o  topographic maps of 

1:4,800 and 1:48,000 scale (p ls .  1 and 2, respectively) . Information con- 

cerning the depth of permafrost and thickness of ice  wedges was obtained 

from diamond-drill holes. 





Data regarding submarine topography, marine geology, oceanography, 

and coastal  processes were collected by teams using e i the r  a weasel, o r  

a small boat equipped with an outboard motor. 

The Survey party included three two-man f i e l d  teams. One team worked 

from Sheshalik Spi t  t o  the Kukpuk River doing the coastal  processes inves- 

t igat ion;  the second team did the a rea l  mapping; and the t h i r d  team did 

the s i t e  investigation study. I n  addition t o  the three two-man f i e l d  

teams, Survey personnel doing the geothermal, ground water, surface 

water, and seismic investigations were also a t  the s i t e  f ran time t o  time. 

Climate 

The climate of the Ogotoruk Creek area i s  characterized by long cold 

winters and short cool summers. Data from weather s ta t ions a t  Kotzebue 

Airport, and Cape Lisburne about 70 miles north of Ogotoruk Creek, are 

shown i n  tables  1 and 2. Additional data fo r  dates of freeze-up and 

breakup of ice  are  available fo r  Kivalina, 30 miles southeast of Ogotoruk 

Creek, and Point Hope, and are  shown i n  table  3 .  

Weather data have been collected by the Geological Survey a t  Ogotoruk 

Creek f o r  the past  two f i e l d  seasons. Wind direction, maximum and mini- 

mum temperatures, and precipitation were recorded. The summary of these 

data  i s  shown i n  table  4. 
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Table 1.--Climatological data for Kotzebue Airport, Alaska L/ 

- -- 

Month Average temperature 
OF 

Average precipitation 
inches 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

20.6 8.02 Annual 

I! U. S. Weather Bureau, 1958, Climatological data, Alaska Annual 

Summary, 1957, v. XLIII, no. 13 

Years of record: 

Precipitation, 15 years 

Temperature, 15 years 



Table 2.--Climatological data for Cape Lisburne, Alaska r/ 

Average temperature Average precipitation 
?I? inches 

January -9.5 27 

February -10.6 13 

March -8.7 - 25 
Apri 1 20.9 .21 

June 

J ~ Y  

August 

.44 ) 
1 

2.12 ) 
) Partly 

3.50 ) estimated 
1 
I 

September 35 -8 2.61 ) 

October 28.2 1-94 

November 

December 

5.9 .44 
(1-10 days 

-8.2 record missing) .12 

Partly 
Annual 19-7 12.05 estimated 

U. S. Weather Bureau, 1958, Climatological data, Alaska Annual 

Summary, 1957, v. XLIII, no. 13 

Years of record: 

Precipitation, 3 years 

Temperature, 4 years 



Table 3.--Miscellaneous climatological data for Kotzebue, Cape Lisburne, 

Point Hope, and Kivalina, Alaska, 1957 1! 



Table 4.--Summary of weather data for the Ogotoruk Creek area 

collected during 1958 and 1959 field seasons 

J 

August 1-31 
1959 

1.4 in. 

0.5 in. 
(Aug. 22) 

August 1-27 
1958 

4.4 in. 

1.0 in. 
(Aug. 10 
and 11) 

Total precipitation 

Maximum precipita- 
tion in 24 hours 

Maximum temperature 

Average maximum 
daily temperature 

Minimum temperature 

Average minimum 
daily temperature 

Average daily 
wind velocity 

Maximum wind 
velocity 

Average daily 
cloud cover 

Nwnber of essential- 
ly cloudless days 

July 7-31 
1958 

0.4 in. 

0.2 in. 
( J ~ Y  9) 

July 13-31 
1959 

0.8 in. 

0.7 in. 
(July 23) 

70'~ 
(Aug- 27) 

60.2'~ 

34OF 
(Aug. 19) 

42.7'~ 

17 mph 

60 mph N 

65 percent 

7 

80'~ 
(~uly 10) 

63.5'~ 

35'~ 
( July 27) 

44.  OF 

14 mph 

30 mph SE 

60 percent 

7 

81°F 
(Auk30 13) 

59 3OF 

34'~ 
( A U ~ .  24 
ELnd 25) 

41. O'F 

16 mph 

50 mph N 

50 percent 

7 

L 

7g°F 
( J U ~ ~  20) 

57- 9OF 

~ PF 
( July 27) 

47. OOF 

14 mph 

30 mph NE 

55 percent 

7 



Literature cited--continued 

P&w&, T. L., Hopkins, D. M.,  and Lachenbruch, A. H., 1959, Engineering 

geology bearing on harbor s i t e  selection along the nurthwest coast 

of Alaska from Nome t o  Point Barrow: U .  S, Geol. Survey, TEI-678j 

&160, U.. S. Wb$. Survey open-file report. 

U. S. Weather Bureau, 1958, Climatological data: Alaska Annual Summary, 

1957, v .  XLIII, no. 13 

ENGII'LEXlUNG GEOLOCY OF THE 

CHARI(YT SITE NEAR CAPE THOMPSON, NORTHWESTE3N ALAEJCA 

BY 

Reuben Kachadoorian 

Introduction 

General statement 

During the 1959 f i e l d  season a ,two-man Geological Survey f i e l d  party 

worked a t  Ogotomk Creek, Alaska doing s i t e  engineering geology investi-  

gations. I n  addition, the party i n  cooperation with U.  S. Coast and Geodetic 

Survey and Holmes and Narver, Inc . personnel, selected several seismic 

recording s tat ions.  The s i t e  investigation consisted chiefly of logging core 

from diamond-drill holes Able and Baker, giving geologic advice and counsel 

t o  other participants i n  the Chariot Program, and evaluating the s i t e  

geologic investigations conducted by the Survey i n  1958. I n  addition t o  

the s i t e  investigation studies the engineering geology team a t  the Chariot 

s i t e  collected the water samples a t  Ogotoruk Creek and elsewhere, collected 

da i ly  weather data, and performed a d  provided a coordination and l i a i son  



function with other participants i n  the program. 

Geology 

Bedrock 

The s i t e  i s  located ent i re ly  i n  highly deformed and fractured mudstone, 

s i l t s tone ,  and graywacke of the Tiglukpuk formation of ~ u r a s s i c ( ? )  age ( p l .  

1) . Locally these rocks a re  so highly fractured tha t  they occur as  

sp l in t e r s  1/8- t o  1/4-inch thick, 1/2- t o  1-inch wide, and about 3 inches 

long. The mudstone, s i l t s tone ,  and graywacke are frozen t o  depths of a t  

l e a s t  800 t o  1,000 f e e t .  The permafrost problem i s  analyzed by Lachenbruch 

and Greene i n  a l a t e r  chapter of t h i s  report .  

Two diamond-drill holes were d r i l l ed  during the summer of 1959. Tables 

5 and 6 are  detai led l i thologic  logs of these holes, Able and Baker, res- 

pectively. The d r i l l  cores indicate that  the bedrock i s  mudstone a t  the 

s i t e  of the d r i l l  holes. Thin-section and X-ray analyses of the mudstone 

show t h a t  it consists of about 70 percent d e t r i t a l  grains (0.2 mm t o  0.04 

mm i n  diameter) and 30 percent matrix (grains l e s s  than 0.04 mm i n  diameter). 

Grains larger  than 0.2 mm were not observed i n  the th in  sections analyzed. 

However, a s  indicated i n  the l i thologic  logs, pyrite crystals  as  much as  a 

quarter of an inch i n  diameter were noted i n  the core. The d e t r i t a l  mate- 

r i a l  consists chiefly of subangular t o  angular grains of quartz, muscovite, 

feldspar, and chlorite.  The matrix consists chiefly of mica, and probably 

ipcludes clay minerals of the i l l i t e  and kaol ini te  groups a s  very minor 

constituents. The mudstone was analyzed specif ical ly  fo r  clays of the 

montmorillonite group and none was observed. 

( ~ e x t  continued on p. 32) 



Table 5 .--Lithologic log of Hole Able, Chariot s i t e ,  northwestern Alaska 

Depth Description 
( f ee t )  

0 .O-2.1 Concrete (note: depths were measured from top of concrete 

block, 2.1 f ee t  above or iginal  ground). 

2.1-9.6 Sand and s i l t ;  top of permafrost 4 .5  fee t ;  ice  wedge a t  

4.5-5 -8 fee t ;  loca l  small ice  lenses a t  5 -8-9.6 f e e t .  

9.6-22 .4 Gravel, subrounded t o  rounded, 114-inch t o  3 inches long, 

loca l ly  contains sand layers or pockets as  much as 2 f ee t  

thick; deposit may be beach gravel. 

22.4-45 .O Mudstone, dark-gray, highly fractured into average 

length of 1 inch; fracturing chiefly due t o  dr i l l ing ;  

core contains ve r t i ca l  fracture cleavage. 

45 .O-50.3 Mudstone, dense, dark-gray; core broken into average lengths 

of 4 inches, except between 46.0-47.7 feet ,  vhere highly 

fractured into pieces 2-112 by 2 by 1/2-inches; kight joints  

0 
a t  45 , average spacing 0.7-foot. 

50.3-51.3 Mudstone, crumbles and forms clay and s i l t  b a l l s  when wet; 

f a u l t  gouge. 

51.3-60 -4  Mudstone, medium dark-gray, massive, core pieces averaging 

1 foot long; interbedded with crumbled mudstone a t  51.7-52.0 

feet ,  54.5-55.0 fee t ,  and 57.7-58.0 fee t ;  joints  at 50°, 

generally loose, loca l ly  healed with quartz, average spacing 

0.4 foot; ver t ica l  f racture cleavage. 



Table 5 .  --Lithologic log of Hole Able, Chariot s i t e ,  northwestern Alaska-- 
continued 

Depth Description 
( f e e t )  

60 -4-96.1 Mudstone, medium dark-gray, dense, massive; highly 

fractured by d r i l l i ng  a t  65 -8-67.5 feet ,  79 -9-80.2 feet ,  

80.8-81.4 fee t ,  and 84 -9-85.5 fee t ;  crumbled mudstone a t  

67.8-68.2 feet ,  may be small f a u l t  zone; joints  a t  70' and 

45' loose, local ly  f i l l e d  with quartz. 

96 '1-104 .O Mudstone, dark-gray; interbedded massive mudstone and thin- 

bedded mudstone; fractured zones a t  96.0-98.3 fee t ,  and 

101.7-103.0 f ee t  i n  thin-bedded mudstone; joints  a t  70°, 

t igh t ,  loca l ly  loose; average spacing 0.8-foot; ver t ica l  

fracture cleavage. 

104 .O-108.5 Mudstone, dark-gray; highly fractured pieces tha t  average 

1 inch i n  length; ve r t i ca l  fracture cleavage. 

108.5-136.2 Mudstone, gray-black, f i s s i l e ,  th in ly  bedded, highly 

fractured by dr i l l ing ;  50 percent of core fractured 

in to  pieces l e s s  than 1 inch i n  length, some core 18 

inches long; joints  a t  60°, loose; ver t ica l  fracture 

cleavage i s  t i g h t  and contains so f t  clay material. 

136 -2-138.6 Mudstone, gray-black; crumbles in to  small fragments, clayey 

i n  spots; f a u l t  zone; hole s ta r ted  caving here because of 

permafrost thawing and gouge slumping into hole. 

138 -6-150.3 Mudstone, gray-black, highly fractured and crumbled; core 

pieces loca l ly  0.5-foot long, more commonly l e s s  than 1 

inch; local ly  appears t o  have high content of clay-size 



Table ?.--Lithologic log of Hole Able, Chariot s i t e ,  northwestern Alaska-- 
continued 

Depth Description 
(feet) 

pa r t i c l e s ;  caving i n  t h i s  i n t e rva l  during d r i l l i n g  between 

136.2-150.3 f e e t .  

150.3-177.0 Mudstone, gray-blackj general ly  massive core a s  much 

as 3.4 f e e t  long, more commonly 4 inches; jo in t s  at  40' 

and 60°, general ly  t i g h t ,  average spacing 0 -8-foot. 

177 -0-203.7 Mudstone, gray-black, thin-laminated, interbedded with 

massive mudstone; thin-laminated mudstone crumbles e a s i l y  

i n t o  pieces general ly  l e s s  than 1/2-inch i n  length, con- 

0 
s t i t u t e s  65 percent of core; j o in t s  a t  75 , t i g h t  and healed 

with quartz; v e r t i c a l  f rac ture  cleavage. 

203 -7-222 -9 Mudstone, dark-gray, massive, core pieces a s  much a s  

2.0 f e e t  long, generally 1 .0  fa&; a t  220.9-222.9 f e e t  core 

more broken; jo in t s  a t  70°, t i gh t ,  some healed by quartz; 

hor izontal  jo ints ,  a l l  healed by quartz; average spacing 

0.6-foot; ver t ica l  fracture cleavage; core contains quartz 

veins a s  much a s  l/k-inch t h i ck .  

222 9-246.8 Mudstone, dark-gray; highly f ractured and crumbled, pieces 

general ly  l e s s  than 112-inch i n  length, l oca l l y  as much a s  

3 inches; v e r t i c a l  f rac ture  cleavage, l oca l l y  healed with 

f i n e  s i l t .  

246.8-277.5 Mudstone, thin-laminated, laminae range from 45' t o  p a r a l l e l  

t o  core ; a t  254.1-258.5 f e e t  core r e l a t i ve ly  massive ; at 

269.9-272.5 f e e t  core i s  mud, appears t o  be f a u l t  zone; 



Table 5.--Lithologic log of Hole Able, Chariot s i t e ,  northwestern Alaska-- 
continued 

Depth Description 
(feet) 

str ingers  of quartz throughout core, chiefly a t  254 .l- 

258.5 fee t ;  joints a t  60') open. 

277 05-317-5 Mudstone, dark-gray, massive; core pieces generally more 

than 1 foot and l e s s  than 3 fee t  long; a t  315.7-316.0 fee t  

core broken by dr i l l ing ;  joints a t  4 5 O ,  healed with 

quartz, spaced 1-3 f e e t  apart .  

317 *5-333.5 Mudstone, dark-gray; moderately fractured, most fractures 

along joints;  joints a t  70°, open t o  t ight ,  spaced 

0.3-0.6 foot apart, loca l ly  healed by quartz; ver t ica l  

f racture cleavage. 

333-5-408 *7 Mudstone, dark-gray; massive with loca l  highly fractured zones 

a t  341.3-342.8 feet ,  379.6-380.4 feet ,  395.5-395.7 fee t ,  and 

399.4-400.5 feet ,  fractured zones caused by dr i l l ing ;  joints  

a t  70°, t igh t ,  spaced 0.4-1.0 foot apart; a t  45O,  t i gh t  and 

occur only occasionally; horizontal joints, spaced 2 f ee t  

apart, f i l l e d  with quartz; ve r t i ca l  f racture cleavage; lenses 

and pods of quartz throughout core. 

408.7-430 .7 Mudstone, dark-gray, generally highly fractured; longest core 

piece 1 .6  feet ,  pieces more commonly l e s s  than 0.8 $oo%j core 

highly fractured a t  409.1-410.7 fee t ,  411.9-412.3 feet ,  and 

418.5-420.5 fee t ;  joints  a t  70°, t igh t ,  spaced 1.0-1.5 f ee t  

apart; ve r t i ca l  fracture cleavage; s t r ingers  and pods of 

quartz throughout core. 



Table 5.--Lithologic log of Hole Able, Chariot s i t e ,  northwestern Alaska-- 
continued 

Depth Description 
(feet) 

430.7-457 .O Mudstone, gray-black t o  438.0 fee t ,  dark-gray t o  444.5 fee t ,  

gray-black t o  457.0 f ee t ,  massive with l o c a l  highly f rac-  

tu red  zones a t  435 -0-435 .5 fee t ,  437.5-438.3 f ee t ,  448 -0- 

448.3 f ee t ,  449.8-450.3 f ee t ,  and 453.2-453.5 f ee t ;  jo in t s  

0 
a t  45 , t i gh t ,  average spacing 0.7-foot; 70°, t i gh t ,  

average spacing 1 . 2  f e e t ;  quartz pods and s t r i nge r s  l/2-inch 

i n  maximum thickness throughout core, l oca l l y  contain 

p y r i t e .  

457.0-522.3 Mudstone, dark-gray, massive, with l o c a l  highly f ractured 

zones a t  470.2-471.0 f ee t ,  491.0-491.5 f ee t ,  502.3-502.4 

f ee t ,  and 511.0-511.5 f e e t ;  j o in t s  a t  45O, t i gh t ,  average 

0 
spacing 0.7-foot, l oca l l y  healed with quartz; at  70 , t i gh t ,  

1.5-foot apar t ,  l oca l l y  healed with quartz; quartz pods and 

s t r i nge r s  a s  much a s  112-inch th ick throughout core, 

numerous quartz s t r i nge r s  l e s s  than 1 mm. 

522.3-530 -8 Mudstone, dark-gray, highly fractured;  continuously f rac-  

tu red  from 525.3-530.8 fee t ,  core makes mud b a l l s  when wet, 

e spec ia l ly  a t  525.3-526.0 f ee t ,  which i s  probable f a u l t  

zone; j o in t s  a t  45' and 70°, t i gh t ,  spaced 0.5-0.7-foot 

apar t ,  l oca l l y  healed by quartz; core contains minute 

s t r i nge r s  and pods of quartz.  

530.8-534 .O Mudstone, dark-gray, massive, contains quartz pods and 

0 
s t r ingers ;  j o in t s  a t  45' and 70 , 0.8-foot apart,  t i g h t .  



Table 5 .--Lithologic log of Hole Able, Chariot s i t e ,  northwestern Alaska-- 
continued 

Depth Description 
( f ee t  ) - - 

534 .o-546 .O Mudstone, dark-gray, at  540.4-541-6 f e e t  core gray-black, 

thin-laminated; highly f rac tured  core, pieces generally l e s s  

than 0.6-foot long, average length 0 . l - foot ;  jo in t s  at  45' 

spaced 0.3-foot apart ,  t i g h t ;  a t  70°, spaced 1 . 2  f e e t  apart ,  

t l g h t  . 
546 .O-598 .O Mudstone, gray-black; core pieces generally l e s s  than 

1 .O-foot long, highly f ractured by d r i l l i n g ;  from 566.6- 

567.7 f ee t ,  56b.4-564.7 f e e t  core t h in ly  laminated; f a u l t  

zone a t  586 .o-586.9 f ee t ;  j o in t s  a t  To0, 0.1-1.0-foot 

apar t ,  t i gh t ,  same healed by quartz; a t  45', average spacing 

0.5-foot, t i gh t ,  some healed by quartz; a t  549.2-549.4 f e e t  

quartz pods 1 inch o r  l e s s  i n  thickness; a t  572.0 f e e t  

l - inch quartz s t r i nge r  



Table 6.  --Lithologic log of Hole Baker, Chariot s i t e ,  northwestern Alaska 

Depth Description 
( f ee t )  

0.0-12.2 S i l t  and sand; permafrost from 2.1 f ee t .  

12.2-17.2 Gravel; generally l e s s  than 1 inch i n  diameter. 

17.2-41 .O Mudstone, no core ; dr i l l i ng  with rock b i t .  

4 1  -0-85 .2 Mudstone, dark-gray, highly fractured, longest core piece 

8 inches, local ly  f i s s i l e ,  chiefly fractured by dr i l l ing ;  

joints  at 60°, spaced 0.3-foot apart, t i gh t ;  ve r t i ca l  

fracture cleavage; bedding a t  75'; a t  41.0-55.7 f ee t  quartz 

veins and vugs throughout core. 

85 -2-125 .5 Mudstone, medium dark-gray t o  dark-gray, massive; core broken 

0 
by dr i l l ing ;  core pieces 0 .I-1 .2 f ee t  long; joints a t  65 , 
spaced 0.8-foot apart, t igh t ;  ve r t i ca l  fracture cleavage; 

quartz veins common a t  86.6-88.9 feet ,  94.0-95.3 feet,  and 

120 .o-121 .8 f ee t .  

0 
125 -5-130 .7 Mudstone, massive; bedding a t  70 ; joints  along bedding 

loca l ly  healed by quartz. 

130.7-160 .4 Mudstone, dark medium-gray, massive; core pieces as  much 

as  2.6 f ee t  long, average 0.5-foot; quartz veins, vugs 

scattered throughout core, 1/2-inch quartz vein a t  143.4 

f ee t  containing crystals;  pyri te  crystals  to  1/32-inch a t  

142.4-142.8 f ee t ;  joints  a t  4 5 O ,  spaced 2 fee t  apart, generally 

t i g h t .  

160 -4-193 .0 Mudstone, dark-gray, massfve; loca l ly  fractured a t  164.0- 

165-7 fee t ,  a t  164 .o-178 .O f ee t  core generally i n  0.2-foot 

pieces; from 178.0-193.0 f ee t  core i n  1-foot pieces; joints 



Table 6 . - - ~ i t h o l o g i c  log of Hole Baker, Chariot s i t e ,  northwestern Alaska-- 
continued 

Depth Description 
(feet > 

at  7 5 O ,  t i gh t ,  occur along bedding planes, healed by f ine  

quartz veins.  

193 .O-215 .1 Mudstone; appears t o  be ch ie f ly  f a u l t  gouge; a t  193.0- 

209.5 f e e t  s e r i e s  of f a u l t  zones with chief f a u l t  zone a t  

209.5-215.1 f e e t .  

215 .1-239 .7 Mudstone, dark-gray; highly f ractured a t  220.3-222.6 f ee t ,  

core thin-laminated; bedding a t  70'; core pieces 0.3-0.8- 

foot  long; small quartz veins throughout core, a t  227.4- 

229.0 f e e t  quartz veins 114-inch o r  l e s s  i n  thickness; a t  

215.0-218.1 f e e t  massive mudstone i s  fau l ted  against  th in-  

laminated mudstone; f a u l t  i s  near ly  v e r t i c a l .  

239 -7-254 -0 Mudstone with clay gouge; movement along f a u l t  l a t e r  than 

i n j ec t i on  of quartz t h a t  occurs i n  the  core. 

254 -0-279 5 Mudstone, medium dark-gray t o  dark-gray, massive; core pieces 

1 foo t  long o r  l e s s ;  healed breccia  zone a t  267.3-267.8 f ee t ;  

j o in t s  a t  45O, spaced 0.5-foot apart ,  generally t i g h t ;  

quartz veins throughout core, except i n  breccia  zone. 

279 5-448 3 Mudstone; contains several  f au l t  zones; quartz has healed 

f rac tures  a t  i r r egu l a r  in te rva l s  ; f a u l t  zones a t  279.5- 

289 -7  f e e t ,  305.3-313.3 f ee t ,  326.8-333.5 f ee t ,  347.5-350.4 

fee t ,  367.5-379.2 fee t ,  388.6-391.5 f ee t ,  419.8-432.0 f ee t ,  

and 442.2-442.6 f e e t .  

Note : from 4 1  -0  t o  422.0 f e e t  d r i l l i n g  done by NC b i t ;  NX 

b i t  used from 422.0 f e e t  t o  bottom of hole .  



Table 6. - - ~ i t h o l o g i c  hole of Hole Baker, Chariot s i t e ,  northwestern Alaska-- 
continued 

Depth Description 
(feet)  

448.3-477. 0 Mudstone, dark-gray; highly fractured,  core pieces l e s s  than 

0.4-foot long; high percentage of quartz ve in s  scat tered 

throughout core; bedding at 60'; l oca l l y  zones of so f t  core 

indicate  movement. 

Mudstone, massive; f rac tured  by d r i l l i n g ;  quartz veins 

1/2-inch o r  l e s s  i n  thickness throughout core; jo in t s  a t  70°, 

spaced 3 f e e t  apar t ,  t i gh t ,  some jo in t s  healed by quartz; 

s m a l l  brecciated zones a t  501.8-502.3 f e e t ,  511.8-512.1 

f ee t ,  and 516.3-518.5 f ee t ;  small pyr i t e  c rys ta l s  a t  518.9 

feet , .  

Mudstone, dark-gray, r e l a t i v e l y  so f t  and highly f ractured 

from 538.6-540.9 f e e t ;  core pieces generally l e s s  than 

0.3-foot long except a t  532.0-535.4 f e e t  where they a re  about 

1 .6  f e e t  long; quarts  veins and vugs l/4-inch o r  l e s s  i n  

thickness throughout core; bedding a t  60'; brecciated zone 

a t  540.8-541.8 f e e t .  

f ids tone,  dark-gray, highly fractured,  core pieces averaging 

0.2-foot long, some 0.5-foot losg; l o c a l  quartz veins i n  

core; bedding a t  65'; f a u l t  gouge a t  605 .l-607.5 f ee t ;  

j o in t s  a t  4 5 O ,  spaced 0.1-0.6-foot apart ,  t i g h t ;  l o c a l  

v e r t i c a l  f rac ture  cleavage. 

Mudstone, dark medium-gray; highly f i s s i l e  a t  620.0-621.3 

f ee t ,  624.6-625-7 f e e t ,  massive elsewhere, espec ia l ly  at 

625 -6-637.7 f ee t ;  f a u l t  gouge a t  625 -3-625.7 f e e t ;  v e r t i c a l  



Table 6.  --Lithologic log of Hole Baker ,  Chariot s i te,  northwestern Alaska-- 
continued 

Depth Description 
( f ee t )  

fracture cleavage a t  615.2-618.0 f ee t  and 622.3-627-1 f e e t .  

637.7-662. 0 Mudstone, highly fractured, dark-gray; core contains quartz 

veins and vugs 114-inch o r  l e s s  i n  thickness; ver t ica l  

f racture cleavage; joints  a t  45O, where discernible, t i gh t ;  

f a u l t  gouge a t  640.1-643.3 feet ,  647.3-647-9 feet ,  and 

658.7-662.0 f e e t .  

662 -0-692.5 Mudstone, dark medium-gray, massive; core generally i n  0.5- 

foot  pieces; f rac tur i rg  caused by dr i l l ing ;  bedding appears 

t o  be a t  70°; a t  680.1-692.5 f ee t  core highly fractured, also 

by dr i l l ing .  

692 5-777 *o Mudstone, dark-gray; highly fractured mudstone and gouge a t  

699.6-70~ .2 feet ,  709.2-710.0 feet ,  725 .l-725.4 fee t ,  and 

760.9-761.7 feet ;  quartz veins 114-inch or  l e s s  i n  thickness 

throughout core; joints  a t  45O, spaced 0 .l-1.0-foot apart, 

t igh t ,  appear t o  be along bedding. 

777 -0-825 -6 Mudstone, medium dark-gray, massive except a t  777.0-781.2 

f ee t  and 791.7-792.6 feet ;  fracturing chiefly by dr i l l ing ;  

f a u l t  gouge a t  786.7-787.0 f ee t ;  core f i s s i l e  a t  791.8- 

792.3 f e e t  and 793.9-794.3 feet ;  bedding generally a t  55'- 

60°, local ly  ver t ica l .  

825.6-856.7 Mudstone, dark-gray, generally massive; core contains 

quartz s t r ingers  and vugs 114-inch o r  l e s s .  inafiChh;_ cgre 

highly fcactured~itnto 0-1-foot $ieges' atd8L9,3,81e91;~ feet5 

beddi& . a t  60° t o  80'. 



Table 6. - -~ i tho log ic  log of Hole Baker, Chariot s i t e ,  northwestern Alaska-- 
continued 

:Depth Description 
( f ee t )  

856.7-1109.6 Drilled with NX plug b i t ;  no core; bedrock i s  Tiglulrpuk 

formation. 

1109.5-1111.9 Mudstone, dark-gray, highly fractured; core broken into 

0.1-foot pieces by dr i l l ing .  

U11.9 -1172 . 0 Drilled with NX plug b i t ,  no core; bedrock i s  Tiglukpuk 

formation. 



A s  seen i n  th in  section, the Tiglukpuk rocks appear to  contain 

scat tered graphite o r  carbonaceous material. Tests were conducted t o  deter- 

mine whether the material was graphitic o r  carbonaceous. Graphite was not 

detected i n  x-ray diffract ion analyses of several specimens of core from 

holes Able and Baker. Carbonaceous material was indicated, however, when 

several specimens heated t o  a red heat color i n  a platinum crucible turned 

from the character is t ic  dark gray color t o  a buff brown color when the 

sample cooled. 

The Corps of Engineers reports tha t  the average moisture content of 

samples of mudstone ranges from 0.28 t o  5.67 percent (personal communication, 

1959). Moisture content was determined by drying the specimens of core, 

sent to  the Anchorage laboratories of the Corps of Engineers, t o  a constant 

weight a t  a temperature of 2 2 0 ~ ~ .  This technique does m t consider the 

moisture tha t  i s  chemically bound or  the ice i n  the fractures of the mud- 

stone. F.  W.  Clarke (1924) reports tha t  the t o t a l  moisture content of , 

composite sample of 51  Paleozoic shales was 4.71 percent. The mudstone of 

the t e s t  s i t e  area contains permafrost,and local ly  accumulation of ice  i n  

the fractures  would undoubtedly make the moisture content of the rocks i n  

place higher than t h a t  reported by the Corps of Engineers f o r  the thawed 

samples. On the basis  of the Corps of Engineers' results,  plus the 

chemically bound moisture and the ice  i n  the fractures  it i s  estimated tha t  

the moisture content of the Tiglukpuk mudstones tha t  underlie the t e s t  s i t e  

i s  about 10 percent. Locally, it may be higher or  lower depending upon 

the pattern of f ractures  tha t  may contain i ce .  Because of the nature of 

the d r i l l i ng  program, it i s  d i f f i c u l t  t o  determine t o  what extent the mud- 

stone i s  fractured, o r  t o  what extent the fractures  are  open and contain 

frozen moisture . 



Structure  

Fau l t  zones a r e  numerous i n  the  core from Hole Able and Hole Baker. 

A t  l e a s t  6 zones were observed i n  Hole Able and about 26 zones i n  Hole 

Baker ( t a b l e s  5 and 6 ) .  Most of the  f a u l t  zones were l e s s  than 1 foo t  

t h i ck .  I n  Hole Baker a 14.3-foot zone e x i s t s  between depths of 239.7 and 

254.0 f e e t .  It i s  d i f f i c u l t  t o  determine t he  t r ue  thickness of t h i s  f a u l t  

zone because the  a t t i t u d e  of the  f a u l t  was not  established,  but  undoubtedly 

the  t r u e  thickness i s  l e s s  than the  14.3-ft~o.iE v e r t i c a l  component t h a t  was 

measured i n  the  core.  Relat ive displacement along the f a u l t  zones could 

not  be determined i n  the  core.  It was determined, however, t h a t  movement 

occurred a f t e r  the  deposit ion of the  quartz i n  the  core.  

A t  l e a s t  two s e t s  of conjugate j o in t s  were noted: one a t  70' and 

the  second general ly  a t  45O. The spacing of the  j o in t s  va r ies  from 0 . 1  

foo t  t o  3 f e e t .  Most of the  j o in t s  were t i g h t  and commonly healed by 

quar tz .  The subsurface cha r ac t e r i s t i c s  of these  j o in t s  do not vary from 

t h e i r  surface expression except t h a t  a higher percentage of j o in t s  a re  

loose ins tead  of t i g h t  at  the  surface.  

Unconsolidated deposi ts  

Unconsolidated deposi ts  of Quaternary age over l i e  the  Tiglukpuk rocks 

( 1  1). They cons i s t  of ancient  beach deposi ts  (Qab), t e r race  deposits  

( ~ t ) ,  s i l t  and sand (Qss), colluvium (Qco), a l l u v i a l  f an  deposits  ( ~ a f ) ,  

swamp deposi ts  (QS), f lood p l a in  deposits  (Qfp), and modern beach deposits  

(~b). Although t h e  unconsolidated deposi ts  a r e  l o c a l l y  a s  much a s  30 f e e t  

t h i ck  i n  the  area  included i n  p l a t e  1, they a r e  general ly  only a t h i n  

veneer 5 t o  1 2  f e e t  t h i ck .  These deposits ,  a s  well  a s  the  bedrock, are  



only b r i e f l y  discussed i n  t h i s  repor t .  For a more de ta i l ed  discussion the  

reader i s  re fe r red  t o  an e a r l i e r  repor t  (~achadoor ian  and others,  1958). 

Permafrost 

Permafrost, o r  perennially frozen ground, e x i s t s  i n  the  t e s t  s i t e  area .  

The depth t o  permafrost i s  unknown i n  areas  of bedrock and modern beach 

deposits  ( ~ b ) ,  but  i s  believed t o  be about 10 f e e t  i n  bedrock areas and 

as much a s  25 f e e t  i n  modern beach deposits .  I n  unconsolidated deposits, 

except modern beach deposits  and marine deposits ,  permafrost l i e s  1 foot  

t o  3 f e e t  below the  surface.  Ice  l ayers  o r  lenses  a s  much a s  3 f e e t  th ick 

were measured i n  s i l t  and sand deposits  ( ~ s s )  during the  1958 invest i -  

gat ions  by the  Geological Survey. Permafrost was encountered 2.4 f e e t  

below the  o r ig ina l  ground surface i n  Hole Able and 2 . 1  f e e t  below the  

o r ig ina l  ground surface i n  Hole Baker. During the  d r i l l i n g  of Hole Able 

a 1.3-foot ice-wedge was  encountered a t  2.4 f e e t .  

Depths indicated i n  the  l i t ho log i c  log of Hole Able ( t ab le  5 )  were 

measured not from the  o r ig ina l  ground surface, but  from the  top of a 

2.1-footconcre'te block placed by the  d r i l l i n g  contractor i n  order t o  spud 

i n  the  hole more ea s i l y .  Unless otherwise indicated, a l l  depths i n  Hole 

Able used i n  t h i s  report  w i l l  be from the  top of the concrete block. 

Ice-wedge polygons a re  common i n  p a r t s  of t he  t e s t  s i t e  area  (p l .  I ) .  

A l l  of the  polygonal ground i n  the  a rea  included i n  p l a t e  1 i s  confined t o  

s i l t  and sand ( ~ s s )  areas .  I ce  wedges a s  much a s  3 f e e t  th ick  were observed 

along the  edges of the  polygons. I c e  is  general ly  no more than 1 foot  and 

l oca l l y  as l i t t l e  a s  3 inches below the  surface i n  areas  underlain by 

polygonal gmund . 



The thawfng of permafrost presented many problems during the  construc- 

t i o n  of the  camp and d r i l l i n g  of the  diamond-drill holes  during the  1959 

f i e l d  season. When the  camp supplies were brought from the  beach t o  the  camp 

s i t e  by heavy equipment the ground was dug up and the  protect ive  vegetation 

mat destroyed. The l o s s  of the  vegetat ion allowed the  permafrost t o  thaw. 

This thawing w i l l  continue u n t i l  a protect ive  mat i s  placed upon the  ground 

o r  u n t i l  thawing reaches such g rea t  depths t h a t  the  summer heat  w i l l  cease 

t o  thaw the  ground. 

The chief  d i f f i c h l t y  from thawing permafrost occurred during the  

d r i l l i n g  of Holes Able and Baker. The heat  of the  d r i l l i n g  f l u i d  thawed 

the  permafrost i n  the  bedrock and overlying s u r f i c i a l  deposi ts .  When t h i s  

occurred, slumping of the  thawed debr is  i n to  the  hole made it increas ingly  

d i f f i c u l t  t o  continue d r i l l i n g .  I n  Hole Able considerable caving occurred 

i n  t he  14.1-foot i n t e r v a l  between 136.2 and 150.3 f e e t .  As a r e s u l t  of 

t h i s  caving and minor caving deeper i n  the hole, d r i l l i n g  was discontinued 

a t  a depth of 598 f ee t ,  o r  a t  an ac tua l  depth below the  o r i g ina l  ground 

surface of 595.9 f e e t .  Caving because of thawing permafrost a l so  prevented 

d r i l l i n g  Hole Baker t o  i t s  planned depth of 1,500 f e e t .  This hole was d i s -  

continued at  a depth of 1,172 f e e t .  Caving ir, both Holes Able and Baker 

occurred ch ie f ly  i n  zones of weakness marked by f a u l t s  and c lose ly  spaced 

j o i n t s .  

Summary and conclusions 

According t o  present  plans, the  nuclear devices w i l l  be placed i n  frozen 

mudstone of the  Tiglukpuk formation of ~ u r a s s i c ( ? )  age. The mudstone con- 

t a i n s  numerous f a u l t s ,  of unknown displacement. The f a u l t  zones a re  general ly  

l e s s  than 1 foo t  th ick,  with the  exception of a f a u l t  zone i n  Hole Baker of 



unknown t rue  thickness but  extending 14.3 f e e t  i n  the  hole.  

The d r i l l i n g  o r  digging of the  l a rge  holes f o r  devices i n  1960 w i l l  

present  the  chief engineering problem i n  the Phase I11 program. The exten- 

s ive  slumping t h a t  was experienced i n  the  d r i l l i n g  of Holes Able and Baker 

ind ica tes  t h a t  s imi la r  d i f f i c u l t y  can be expected i n  a large-diameter hole 

o r  sha f t .  The grea tes t  amount of slumping w i l l  occur i n  the f a u l t  zones 

and t he  unconsolidated mater ia l  t h a t  over l i es  the  mudstone. Consideration 

should be given e i t h e r  t o  d r i l l i n g  the  holes with re f r igera ted  f lu ids ,  

such a s  d i e s e l  o i l ,  o r  t o  casing the  hole a s  d r i l l i n g  progresses. The use 

of  d r i l l i n g  mud d id  not prevent the  slumping Of the  thawed bedrock i n to  

the hole during t h e  d r i l l i n g  of Holes Able and Baker i n  1959. Unless a 

d r i l l i n g  mud i s  used t h a t  has "holding" charac te r i s t i cs  mater ia l ly  g rea te r  

than t h a t  of the  "mud" used during the  summer of 1959, it i s  doubtful t h a t  

slumping of the  walls  of the  device holes can be prevented without d r i l l i n g  

with a re f r igera ted  f l u i d .  

The moisture content of the  rocks i n  s i t u  probably i s  much more than 

reported. The wr i t e r  believes t ha t  the  t o t a l  moisture content i s  about 10  

percent i n  the  rocks t h a t  underl ie t he  t e s t  s i t e .  

The mnstruct ion and maintenance of f a c i l i t i e s  such a s  roads, a i r f i e l d s ,  

and l i v ing  quar ters  w i l l  re-quire some precautions because of f r o s t  heaving 

and thawing of permafrost. I f  s t ruc tures  are  t o  be b u i l t  t h a t  w i l l  require 

c r i t i c a l  tolerances i n  connection with the  t e s t ,  spec ia l  precautions w i l l  

be necessary during t h e i r  construction. Roads and a i r s t r i p s  should be 

placed on areas  that a re  not susceptible t o  f r o s t  ac t ion and t ha t  do not 

contain appreciable perennial  i c e .  I f  the  s t ruc tures  a re  placed on unconsol- 

ida ted  deposi ts  some f r o s t  heaving of the  s t ructures  w i l l  occur, and heated 

bui ldings  may s e t t l e  as a r e s u l t  of thawing of permafrost. If it i s  necessary 



t o  place s t ructures ,  roads, and a i r s t r i p s  on areas susceptible t o  f r o s t  

heaving and thawing of permafrost, construction techniques should be adopted 

t o  minimize t h e i r  e f f e c t s .  Fortunately, the  unconsolidated deposits  a re  

only a few f e e t  th ick  and the  foundations of s t ruc tures  can e a s i l y  be placed 

on bedrock. 
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AFEAL GEOLOGY OF THE OGOTORUK CREEK CHARIOT TEST SITE AND 

ADJACENT AREAS TO THE WEST AND NORTH, NORTHWESTERN ALASKA 

BY 

R .  H. Campbell 

Introduction 

The purpose of the  a r ea l  mapping study i n  the  Ogotoruk Creek area, 

Alaska, i s  t o  determine the  general  geologic s e t t i ng  f o r  the  proposed 

nuclear t e s t  excavation a t  the  mouth of Ogotoruk Creek. The chief objec- 

t i v e  of t h i s  study i s  t o  provide a mile-to-the-inch (1 :63,360) geologic 

map within  an a rea  of about a 15-mile radius of the  t e s t  s i t e .  The data 

from t h i s  map w i l l  serve as a general  ba s i s  f o r  consideration of engineering 

geolngy problems i n  the  immediate v i c i n i t y  of the  s i t e  and should provide 

da ta  f'undamental t o  considerations of the  d i s t r i bu t i on  of environments f o r  



t he  l o c a l  p lan t  and animal l i f e ;  it should a l so  provide background f o r  

evaluation of water resources, determination of sources of mater ia ls  involved 

i n  t he  coas ta l  processes, and other  r e l a t ed  geologic s tudies .  

The a rea  i n  the  immediate v i c i n i t y  of the  Chariot t e s t  s i t e  was mapped 

, i n  d e t a i l  by the  Geological Survey during the  summer of 1958. For de ta i l ed  

maps and discussion the reader i s  r e f e r r e d  t o  the  resu l t ing  repor t  ( ~ a c h a -  

doorian and others,  1958). During July  and August 1959, t he  mapping was 

extended t o  the  west and north by t h e  author, a s s i s t ed  by D .  R ,  Currey. 

The f i r s t  hal f  of the  1959 summer season was spent i n  a de ta i l ed  

examination of sea c l i f f  exposures west of the  t e s t  s i t e .  The remainder 

of t he  summer was spent i n  a r e a l  geologic mapping a t  a scale  of 1:48,000 

by means of weasel and foo t  t raverses .  The t raverses  were generally i n  

an east-west d i rect ion,  across the  general  s t r uc tu r a l  g ra in  of the  rocks. 

Photointerpretat ion was used t o  project  geologic un i t s  and s t ructures  

between t raverses  ( p l .  2 ) .  Geologic mapping during the  1959 f i e l d  season 

w a s  confined ch ie f ly  t o  t he  west and north of the t e s t  s i t e  because t h i s  

a rea  provides the  bes t  outcrop control  and i s  the  best  a rea  f o r  study of 

t he  s t ra t igraphy and s t ructure  of the  rocks t h a t  underl ie the  t e s t  s i t e .  

Geology 

Strat igraphy 

The rocks of the  area  consist  ch ie f ly  of consolidated e l a s t i c  and 

chemical sediments. They include sandstone, c a l c i t i c  and dolomitic lime- 

stone, chert ,  a r g i l l i t e ,  mudstone, s i l t s t one ,  and graywacke. A l l  t he  

rocks have been highly deformed and very s l i g h t l y  metamorphosed. The lime- 

stones have been converted t o  marble local ly ,  and the  s i l i ceous  cement of 

s i l t s ' b n e s  and graywackes has been rec rys ta l l i zed  t o  microcrystal l ine quartz.  



The rocks range i n  age from Early Mississippian t o  ~ u r a s s i c ( ? )  and Cre- 

taceous. Unconsolidated deposits  of Quaternary age, consist ing ch ie f ly  of 

colluvium, stream gravel, beach gravel, wind-deposited sand and si l t ,  and 

grave l  of uncertain or igin ,  conceal the  bedrock i n  more t h a n  50 percent of 

t he  area .  They a re  a s  muck a s  50 f e e t  th ick  l oca l l y  but  most commonly a r e  

l e s s  than 20 f e e t  t h i ck .  The d i s t r i bu t i on  of the  various types of s u r f i c i a l  

deposi ts  i s  shown on p l a t e s  1 and 2 .  Undisturbed outcrops of bedrock are  

general ly  exposed only i n  stream cutbanks and sea c l i f f s .  Away from such 

areas  of ac t ive  erosion bedrock i s  general ly  covered by 1 t o  6 f e e t  of 

rubble composed of frost-heaved fragments derived from the  underlying rock 

u n i t s .  

The d i s t r i bu t i on  and s t ruc ture  of the  bedrock u n i t s  i s  shown on p l a t e  

2; t h e  sequence and l i t ho log i e s  of the  layered sedimentary rocks a re  des- 

cribed on p l a t e  3 .  The sequences i l lus t i ra ted by the  columnar sect ion (p1.3) 

a r e  based on r e l i ab l e  measurements f o r  the  rocks of the  Lisburne group, the  

upper 400 f e e t  of t he  Lower Mississippian sandstone-shale un i t ,  the  Siksikpuk 

and Shublik formations, and t h e  lower 700 f e e t  of the  Tiglukpuk formation. 

The lower p a r t  of the  Lower Mississippian sandstone-shale u n i t  i s  highly 

deformed and l a rge ly  covered, and the upper pa r t  of the  Tiglukpuk formation 

and t h e  undifferent ia ted ~ u r a s s i c ( ? )  and Cretaceous rocks are  highly deformed; 

therefore ,  t he  sequence i l l u s t r a t e d  by the  columnar sect ion f o r  these rocks 

i s  l a rge ly  diagrammatic (see  a l so  cross-sections, p l .  2 )  . 
The o ldes t  rocks exposed i n  the  area  ( p l .  2) are  the  sandstone-shale 

beds of an unnamed formation of Early Mississippian age (Dutro, J. T., Jr ., 
Sable, E. G., and Bowhher, A. L., wr i t t en  cown ica t$on ,  ~ 9 5 8 )  The u n i t  

i s  general ly  noncalcareous and carbonized p lan t  remains a re  present i n  the  

lower p a r t  of t he  formation; however, a few limestone and calcareous sandstone 



beds containing marine f o s s i l s  are present i n  the upper 300 f e e t  of the 

unit. The sandstone-shale sequence is  overlain conformably (the contact is 

gradational) by about 5,700 f e e t  of marine limestone with minor amounts of 

shale of the Lisburne group tha t  probably ranges i n  age from Early t o  Late 

Mississippian. The Lisburne group has been divided in to  5 map uni t s  tha t  are  

generally recognizable i n  the area of plate  2. 

The Lisburne group i s  overlain by about 400 f ee t  of greenish-gray 

a r g i l l i t e  and chert w i t h  some black shale near the base, that;hxi,~e been 

assigned t o  the Siksikpuk formation of Permian age. The rocks are  gener- 

a l l y  noncalcareous but a few calcareous a r g i l l i t e  beds i n  the lower par t  of 

the uni t  contain marine f o s s i l s .  The Siksikpuk formation i s  generally i n  

f a u l t  contact with rocks of the Lisburne group i n  areas of good exposure. 

The Siksikpuk formation i s  o v e r b i n  by about 200 f e e t  of limestone, 

chert, and shale assigned t o  the Shublik formation of Triassic age. The 

Siksikpuk-Shublik contact i s  apparently conformeble, but may be a very 

s l igh t  angular unconformity. 

The Shublik formation i s  overlain by more than 2,500 fee t  of interbedded 

mudstone, s i l t s tone ,  and graywacke tha t  are tentat ively assigned t o  the 

Tiglukpuk formation and are probably Jurassic i n  age. These rocks grade up- 

ward almost imperceptibly t o  beds of similar l i thology but i n  which sandstone 

i s  generally more abundant. These consolidated rocks grade upward into 

rocks containing marine f o s s i l s  of Cretaceous age. 

Structure 

The general s t r ike  of the beds is  north and the dips are  generally west, 

but because of thrus t  and high-angle reverse faul t ing and overturning of 

many beds, there is a general progression from older rocks on the west t a  
- 



younger rocks on the eas t .  North-trending thrus t  f a u l t s  usually with older 

rocks thrust  over younger rocks from west t o  eas t  are  prominent along Emmik- 

roak Creek and par t s  of the west side of the valley of Ogotoruk Creek. 

Although thrust  faults dominate the structure, folding and high-angle faul t ing 

have also deformed the rocks intensively.  One thrust  f au l t  has a dip s l i p  

of at l e a s t  2 miles and i t s  t o t a l  dip s l i p  may be more than twice tha t  amount. 

Displacements on other thrus ts  are  probably of the same order of magnitude, 

The folding i s  generally more intense i n  the weaker rocks of the Sik- 

sikpuk and younger formations than i n  the r e l a t i v e l y  competent Lisburne 

group. As a resul t ,  the Tiglukpuk rocks of the t e s t  s i t e  area are  intensely 

contorted and broken by many small f au l t s  (see tables  5 and 6 ) .  I n  Ogotoruk 

Creek val ley there appear t o  be 2 o r  3 major folds  and innumerable minor 

fo lds .  The cross-sections on plate  2 indicate that the t e s t  s i t e  is located 

on the eas t  flank near the crest  of one of these major folds.  
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COASTAL PROCESSES I N  THE VICIIQITY OF CAPE THOMPSON, ALASKA 

BY 

G .  W .  Moore and J. Y. Cole 

Introduction 

Objectives of the coastal  processes study i n  connection with the 

Chariot project i n  the Ogotoruk Creek area, Alaska, are:  (1) t o  a id  i n  



determining what protect ive  measures a re  necessary t o  prevent f i l l i n g  of 

t h e  a r t i f i c i a l  harbor by beach sediment moving along the  shore under wave 

act ion;  and (2)  t o  ascer ta in  whether radioactive so l i d  material ,  i f  any, 

would move along the  beach a t  a s ign i f ican t  r a t e  toward Kivalina and other 

v i l l ages .  I n  addi t ion t o  these objectives,  which are  connected with the  

success and sa fe ty  of the  project ,  the  descr ipt ion of t he  physical aspects 

of  beaches and adjacent areas under Arctic climates may be of value t o  

b io log ica l  s tud ies  being conducted concurrently by other  invest igators .  

Work during the  s m e r  of 1959 was a reconnaissance invest igat ion of 

t he  coast from Sheshalik Spit ,  110 miles southeast of the  Chariot s i t e ,  t o  

the  mouth of the  Kukpuk River, 27 miles northwest of the  s i t e .  Richard 

Watson a s s i s t ed  i n  t h i s  work during shor t  periods and kept records of surf  

s t a t i s t i c s  at  t he  Chariot s i t e  during times when the  authors were working 

along o ther  p a r t s  of the  coast l ine .  

Dis t r ibut ion of beach sediment 

Along most of the  coasta l  region studied, the  beach i s  i n  a steady- 

s t a t e  condition. The shoreline i s  ne i ther  prograding toward the  sea as a 

r e s u l t  of permanent deposition of beach material ,  nor i s  it encroaching 

rapidly  toward the  land because of wave erosion. The energy available i n  

t he  waves i s  pr inc ipa l ly  expended i n  moving beach sediment f i r s t  toward 

t he  sea during times of heavy surf and then res tor ing it t o  the  beach 

during t he  longer periods of r e l a t i v e  calm. 

Permanent deposition i s  taking place, however, along approximately 7 

percent of t he  coast l ine ,  namely, on the  south side of Point Hope, on the  

south side of Cape Krusenstern, and a t  Sheshalik Sp i t .  Likewise, 

espec ia l ly  ac t ive  erosion i s  occurring along approximately 9 percent of t he  

coast l ine ,  p r inc ipa l ly  on the  north s ide  of Point Hope, a t  the  Cape 



Thompson c l i f f s ,  and on the west side of Cape Krusenstern. 

The width of the steady-state beaches i s  related t o  t h e i r  exposure t o  

wave action. Sheltered beaches, such as  the one fronting the Chariot s i t e ,  

are  wide, and exposed beaches tend t o  be narrow. 

Sediment related t o  the present beaches extends only t o  a depth of water 

of approximately 30 f ee t .  The sediment grades downward from f ine  gravel i n  

the  surf zone t o  very f ine grained sand. Finer grain s izes  are missing and 

have evidently been swept away by offshore currents, the velocity of which 

may be as  much as  100 fee t  a minute i n  the Cape Thompson area. 

Lithology of beach sediment 

Part of the energy available i n  waves may cause movemnt of beach 

material  pa ra l l e l  t o  the shoreline. As  an approach t o  the problem of learning 

the direction of the net alongshore beach transport, counts were made of the 

proportion of grains formed from different  rock types i n  beach samples col- 

lec ted  a t  many points along the coast. Typical data are plotted i n  figure 

2 and i l l u s t r a t e  tha t  a systematic difference ex i s t s  between the various 

grain counts. Limestone i s  a principal constituent of the beach material  

northwesSt of Kivalina, whereas it i s  nearly absent southeast of Kivalina 

( f ig .  2 ) .  

Two possible sources of limestone tha t  would denote beach transport t o  

the southeast past the Chariot s i t e  a re  the beach area north of Point Hope 

and the c l i f f s  a t  Cape Thompson. On the other hand, i f  t h e  limestone grains 

were derived from the Kivalina and Wulik Rivers, beach transport t o  the 

northwest would be implied. The r iver  gravels contain l e s s  than 20 percent 

limestone, however, so t h i s  l a s t  poss ib i l i ty  may be excluded, and beach 

transport  t o  the southeast past the Chariot s i t e  therefore seems indicated 
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by the l i thologic  evidence. Such transport would be accompanied by slow 

destruction of the sof t  limestone grains by a t t r i t i o n  and solution. 

Alongshore transport  i s  not inhibited by rocky promontories { ~ r a s k ,  

1955). In fac t ,  it has been demonstrated i n  Australia ( ~ a k e r ,  1956) tha t  

the r a t e  of alongshore movement of individual grains around c l i f fed  head- 

lands similar t o  those a t  Cape Thompson is much more rapid than on open 

beaches. The beach a t  the Chariot s i t e  i s  therefore not naturally protected 

against material moving around the c l i f f s  from the northwest. 

The ra te  of sediment movement i s  more d i f f i c u l t  t o  determine than i t s  

direct ion.  One method of measuring the r a t e  of alongshore transport t ha t  

has been t r i e d  by several investigators employs grains tha t  are marked by 

radioactivity,  luminescent dyes, or  other means. The most comprehensive 

study of t h i s  type i s  tha t  of Medvedev and Aybulatov (1958). Although a 

small percent of the marked grains can be followed f o r  significant distances, 

the method has not yet proved successful i n  determining the ra te  of t o t a l  

transport  because it has not been possible to  determine the thickness of 

the layer  of sediment i n  motion. 

Rate of alongshore beach transport  estimated from 

surf s t a t i s t i c s  

Two general methods were used t o  determine the average r a t e  of along- 

shore beach transport .  One entai led measurement of actual  transport under 

specif ic  surf character is t ics  with the r e su l t s  applied t o  the relat ive f re -  

quency of d i f fe rent  surf conditions- The other involved measurement of long- 

term sediment accumulation on a large s p i t .  

Only two previous attempts t o  r e l a t e  alongshore beach transport i n  the 

f i e l d  t o  specif ic  surf conditions have come t o  our attention, although there 



have been numerous small-scale laboratory experiments. Watts (1953) 

s tudied the  re la t ionship  of l o c a l  surf  charac te r i s t i cs  t o  the  movement of 

sand pumped from a s ta t ionary  sand bypassing p lan t  on the  e a s t  coast of 

Flor ida .  Caldwell (1956) re la ted  surf  conditions t o  the  r a t e  of d ispersal  

of an a r t i f i c i a l  sand accumulation i n  southern Cal i fornia .  

I n  the Cape Thompson area, a po ten t ia l  method presented i t s e l f  when 

large  lagoons overtopped and breached t h e i r  b a r r i e r  beaches during heavy 

r a in s .  As  soon a s  flow from the lagoons had ceased, s p i t s  began t o  bui ld  

i n  the  d i rec t ion  of beach t ranspor t  across the  newly formed o u t l e t s .  

Several p3-e-table surveys of these s p i t s  gave a measure of the  r a t e  of 

t ranspor t  which could be re la ted  t o  surf  conditions ex i s t ing  a t  the  time 

t he  s p i t s  were formed. 

Figure 3 i s  a s e r i e s  of maps of the  o u t l e t  of  Tasaychek Lagoon which 

i s  12 miles north of Cape Kruaenstern. The lagoon has a surface area  of 

approximately half  a square mile. On July  11, 1959, it began t o  dra in  a t  

7:OO a.m., and by 1 1 : l O  a . m .  the  lake l e v e l  had been lowered appmaimately 

6 f e e t  t o  sea l eve l ,  and outward flow had v i r t u a l l y  ceased. A t  l : 3 O  p.m. 

t he  s p i t  which formed across the  o u t l e t  was surveyed, and a t  4:30 p.m. 

a second survey was made. During t h i s  three-hour period, a t o t a l  of 585 

cubic yards of mater ia l  had moved onto the s p i t .  By 10:OO a.m. the  

following day, when a f i n a l  survey w a s  made, the  s p i t  had reached the  

opposite shore, and beach mater ia l  was bypassing the  ou t l e t .  

During t he  i n t e rva l  between t he  f i r s t  two surveys, the  wave height 

was 5.5 f ee t ,  the  wave period was 5.5 seconds, the  angle between the  wave 

c r e s t  and t h e  beach w a s  25O, open t o  t he  south, and the  longshore current  

w a s  126 f e e t  per  minute t o  the  south. The median gra in  s ize  of mater ia l  

being transported was 1 mill imeter.  By chance, these waves were among the  
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Figure 3.--Growth of a spit across the outlet of Taaaychek Isgoon, 
12 milea north of Cape menstern,  Alaska 



highest  t h a t  ex i s ted  i n  the  Cape Thompson a rea  during the  summer. 

Previous f i e l d  s t u d i t s  by Watts (1953) and Caldwell (1956) have 

shown t h a t  alongshore beach t ranspor t  ( Q) i s  probably d i r e c t l y  propor- 

t i o n a l  t o  the  alongshore component of t o t a l  wave energy (E)  : 

Q = k E  ( 1  

where k i s  a constant .  

I n  shallow water near the  shore, the  energy of each wave ( E ~ )  i s  

approximately proportional  t o  t he  wave length (L)  times the  square of the  

wave height ( h )   e each Erosion Board, 1954) : 

E s 6  L h2. (2) 

Empirical s tudies  i n  the  Cape Thompson a rea  ind ica te  t h a t  the  wave length 

may be r e l a t ed  t o  the  wave period (T) and wave height i n  the  following way: 

Combining equations (2 )  and (3) gives 

The port ion of the  energy t h a t  i s  d i rected along the  shore i s  dependent 

on the  angle ($) between the  wave c r e s t  and t he  beach. From vector analysis ,  

t h e  alongshore component of energy i n  each wave ( E ~ , )  i s  

Esa T h2*5 sin# cos#. 

The t o t a l  alongshore energy per day (E)  i s  

hence 

Combining equations (1) and (7)  gives  

Q = k h2'5 sin# cos#. 



Inser t ing  our data  i n  t h i s  formula provides the  following t en t a t i ve  

re la t ionsh ip  f o r  the Cape Thompson area:  

Q = 7 . 1  s in# cosg, 

where 

Q = alongshore beach t ranspor t  i n  cubic yards per  hour, 

h = wave height i n  f ee t ,  

$d = angle between wave c res t  and beach i n  degrees. 

Equation (9 )  may be used t o  evaluate t he  surf s t a t i s t i c s  of the 

summer of 1959 i n  an e f f o r t  t o  determine the  di rect ion and amount of 

alongshore beach t ranspor t  . 
Figure 4 presents the  wave height p lo t ted  against  the  angle between 

the  wave c r e s t  and beach f o r  the  period July  7, 1959, t o  September 7, 

1959. On two-thirds of the  days of the  summer, t ranspor t  was t o  the  south- 

e a s t ,  but, because of the  exponential re la t ionship  t o  wave height, almost 

a l l  t he  s ign i f ican t  t ranspor t  occurred during a r e l a t i ve ly  few storm days. 

The high waves a re  approximately equally divided between those causing 

d r i f t  t o  the  southeast and those  causing it t o  the  northwest. The evidence 

from surf  s t a t i s t i c s  therefore indicates  t h a t  the  net  alongshore beach t rans -  

por t  during the period of surf observation was approximately zero. 

But on the  ba s i s  of our invest igat ion i n  1959, it i s  apparent tha t ,  

during a s ingle  storm day, waves with sui table  surf angle can mwe the  

equivalent of several  cubic yards an hour f o r  the  whole F a r .  Moreover, 

independent evidence, t o  be given i n  the  next section, suggests t h a t  the  

t r ue  ne t  beach t ranspor t  i s  not zero. These r e s u l t s  therefore  point t o  

t he  necess i ty  f o r  col lect ing addi t ional  surf s t a t i s t i c s ,  especial ly during 

storms, f o r  the  e n t i r e  period t h a t  the region i s  i ce  f r e e .  
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Angle of wave crest wi th  beach (degrees)  

Figure 4.--Daily surf characteristics at Chariot site, July 7, 1959 
to September 7, 1359 



Rate of alongshore beadh t ranspor t  estimated from 

permanent beach deposi ts  

I n  the  absence of a r t i f i c i a l  s t ruc tu res  along the  beach, the  three  

a reas  of na tu ra l  permanent deposit ion of beach mater ia l  were studied t o  see 

i f  they poss ibly  would give a measure of t heave rage  r a t e  of beach t rans-  

p o r t .  Point Hope, Cape Krusenstern, and Sheshalik Sp i t  each consis t  of 

a r ea s  of beach r idges t h a t  have b u i l t  seaward from the  shore, and the  age 

of human hab i ta t ion  of c e r t a i n  of t he  r idges  a t  each l o c a l i t y  i s  known 

from archeological  and radiocarbon da tes .  

Deposition i s  occurring very rap id ly  on the  south shore of Point Hope. 

The archaeological  s i t e s  a t  the  Ipiutalr ruins,  which a r e  now 3,500 f e e t  

from the  south shore, have been dated by radiocarbon methods a t  A .  D.  340 

200 ( ~ a i n e y  and Ralph, 1959, p . 370) . The Ipiutak people subsiisbd p r inc i -  

p a l l y  on marine mammals, and it i s  in fe r red  t h a t  t h e i r  v i l l age  w a s  o r i g ina l l y  

on the  south coast  of Point Hope near the  sho re l i ne .  I f  so, land i s  being 

added at  a r a t e  of approximately 200 f e e t  a century. A d i f f i c u l t y  with t he  

Point  Hope da ta  f o r  our present  purposes, however, i s  t h a t  we a r e  not cer-  

t a i n  whether the  beach mater ia l  i s  coming from the c l i f f s  a t  Cape Thompson, 

from the  a r ea  north of  Point  Hope, o r  from both areas .  

Southeast of the  c l i f f s  a t  Cape Thompson, however, t h e  evidence i s  some- 

what l e s s  ambiguous. Cape Krusenstern was o r i g ina l l y  a s p i t  which b u i l t  from 

the  northwest and, without question, was formed by mate r ia l  moving south- 

eastward. Dated beach r idges indicate  t h a t  severa l  thousand years ago the 

t i p  of t he  former Krusenstern s p i t  arched back toward the  coast u n t i l  it 

impinged agains t  +,he shore again.  Since t h a t  time, permanent deposition at 

Cape Krusenstern has been reduced and most beach mate r ia l  has bypassed the  

cape and i s  being deposited a t  Sheshalik Spi t ,  20 miles f a r t h e r  southeast.  



The shape of Sheshalik Spit  i s  such tha t  no sediment can pass it, and a l l  

material  moving onto the s p i t  i s  permanently deposited. 

A beach ridge on the s p i t  ( f i g .  5 )  contains ru ins  of the Western Thule 

cultureuwhich has been dated cul tural ly  a t  about A. D .  1000 by comparison 

with neighboring s i t e s  dated by the radiocarbon method and by tree-ring 

analysis (J. L.  Giddings, personal communication). The area of the s p i t  

t h a t  has formed since tha t  time i s  equal t o  apprmimte ly  1.4 square miles. 

The thickness of the beach material i s  not def in i te ly  known, but a similar 

deposit a t  Kotzebue, 10 miles t o  the southeast, i s  23 fee t  thick (ceder- 

strom, 19.52, p .  35). Using t h i s  thickness f o r  Sheshalik Spit, the authors 

calculated tha t  a t o t a l  of 33 million cubic yards of sediment has been 

deposited since A .  D. 1000. This means tha t  deposition has taken place a t  

an average r a t e  of 1 . 9  cubic yards per hour during the whole year, o r  5.7 

cubic yards per hour f o r  the 4-month period tha t  the area i s  ice f ree .  

The material a t  Sheshalik Spit  has moved t o  the southeast and evi- 

dently moved past the Chariot s i t e .  An uncertainty remains because we do 

not know the contribution of the intervening Kivalina and Wulik r ive r s .  

Until  fur ther  data are available, however, we sha l l  neglect t h i s  contri- 

bution and assume tha t  the average alongshore beach transport a t  the Chariot 

s i t e  i s  of the order of 5 cubic yards an hour to  the southeast during the 

ice-free months. 

Surmnary and recommendations 

The steady-state beach a t  the Chariot s i t e  i s  not advancing toward the 

land a t  a r a t e  tha t  w i l l  a f fec t  an a r t i f i c i a l  harbor. Erosion behind the 

beach may be of the order of one o r  two f e e t  a century. The beach i t s e l f  

i s  i n  a dynamic s tate ,  however, and during a large storm it might be swept 





en t i r e ly  out t o  sea, only t o  be restored again during the waning period of 

the storm. 

Plans f o r  measures t o  protect the a r t i f i c i a l  harbor against f i l l i n g  by 

beach material must consider two aspects of the problem: (1) short-term 

movement of sediment during periods of heavy surf;  and (2)  the ne$ along- 

shore beach t ransport ,  

The l a t e r a l  component of beach transport during a storm generating 

10-foot waves (the supposed maximum f o r  the area)  may be as  much as  27,000 

cubic yards a day (equation 9 ) .  J e t t i e s  should be constructed on each 

side of the harbor entrance tha t  w i l l  r e ta in  volumes of material of t h i s  

general order of magnitude o r  greater .  

The net alongshore beach transport i s  believed t o  be apprmimately 5 

cubic yards an bour t o  the southeast during the ice-free months. It may 

be considered desirable t o  i n s t a l l  a small sediment bypassing p l a t  t o  

pump beach material from the northwest side of the harbor t o  the southeast 

side.  Such an ins t a l l a t ion  would prohibit  sediment from entering the 

harbor around the northwest j e t ty  and would also prevent erosion of the 

beach t o  the southeast by restoring material whose movement i n  tha t  

direction was arrested by the harbor entrance. 
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PRELIMINARY REPORT OF GEOTHERMAL STUDIES AT THE OGOTORUK CREEK 

CHARIOT SITE, NORTHWESTERN ALASKA 

BY 

A. H. Lachenbruch and G. W. Greene 

Introduction 

A geothermal study a t  Ogotoruk Creek was undertaken t o  supply infor- 

mation on dis t r ibut ion of permafrost and i t s  re la t ion  t o  the shoreline. To 

obtain t h i s  information it was judged necessary t o  measure temperatures i n  

two 1,000-foot holes, one within a few hundred f e e t  of the shoreline, and 



the second a few thousand feet  inland. To interpolate between these two 

holes and t o  extrapolate seaward and landward from them it i s  necessary 

f i r s t  t o  use geothermal data tha t  are obtained to  reconstruct the his tory of 

shoreline movements during the past several thousand years. The effect  

of such shoreline movements on permafrost dis t r ibut ion is  then calculated 

(~achenbruch, 1957). The shoreline history, therefore, i s  a useful by- 

product of the permafrost-distribution study. It provides helpful back- 

ground f o r  the coastal  processes studies. I n  addition, the thermal 

study yields information about climatic change i n  the l a s t  few centuries, 

including tha t  probably occurring a t  present. Such information i s  per- 

t inent  t o  ecological studies of the area. 

In  the process of d r i l l i ng  the holes, the natural thermal regime i s  

profoundly disturbed, and many months may pass before the pre-dril l ing tem- 

peratures are approached a t  each depth (~achenbruch and Brewer, 1959). The 

thermal cables must be l e f t  i n  the holes and allowed t o  freeze i n  place. 

They are  read periodically u n t i l  the d r i l l i ng  anomaly i s  dissipated. 

Field work 

Hole Able was s ta r ted  July 13 and abandoned July 30 a f t e r  attaining 

a depth of 598 f e e t .  Thermistor cable no. 336 (u.  S.  Geological Survey 

designation) was ins ta l led  t o  a depth of 584 f ee t  on July 30, 1959, and 

allowed t o  freeze i n  place. The hole i s  about 300 fee t  from the shoreline 

and about 100 fee t  from Ogotoruk Lagoon. 

Hole Baker w a s  d r i l l ed  t o  a depth of 1,172 fee t  between August 3 and 

September 1, 1959. Thermistor cable no. 249 (u.  S.  Geological Survey 

designation) was ins ta l led  t o  a depth of 1,015 fee t  on September 2, 1959, 



and the hole was back-filled with gravel ( t o  prevent convection) on 

September 3, 1959. A t  various depths below 500 fee t ,  the walls of the hole 

were caving when it was abandoned. This caused serious problems during 

ins t a l l a t ion  of the cable and resulted i n  damage t o  the lower half of the 

cable. Hole Baker i s  about 2,000 fee t  from the ocean. 

The cables i n  Holes Able and Baker were read periodically u n t i l  Sep- 

tember 4, 1959, the l a s t  date on which project personnel were a t  the s i t e .  

An additional s e t  of readings was provided on September 22, 1959 by 

Harry Spencer, radio operator and winter resident of the Ogotoruk Creek 

camp. This i s  the f i r s t  of a ser ies  of bimonthly readings t o  be taben 

throughout the winter by M r .  Spencer. 

The 1959 f i e l d  work was l e s s  successful than anticipated, inasmuch a s  

Hole Able was bottomed a t  598 f ee t  (402 fee t  short  of the required depth), 

and Hole Baker was not clean enough so tha t  c r i t i c a l  par t s  of the cable 

were damaged during ins ta l la t ion .  

Selected thermal data from Holes Able and Baker are presented i n  

figures 6 and 7 respectively. From figure 6, it i s  seen tha t  Hole Able 

cooled rapidly a t  f i r s t ,  but t ha t  only small changes occurred between Sep- 

tember 3 and September 22, 1959. On the last date (~eptember 22, 1959) the 

post-dril l ing period was about four times as great a s  the d r i l l i n g  period, 

and it is evident tha t  these temperatures are approaching t h e i r  natural 

values. I n  contrast, the data from Hole Baker show very rapid cooling 

between September 3 and September 22. This i s  t o  be expected when it is 

realized t h a t  the post-dril l ing time on September 22 was s t i l l  l e s s  than 
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the duration of the disturbance. ( I t  took about a month t o  d r i l l  Hole 

Baker.) A few remarks about these preliminary data follotfz' 

1. Although Hole Baker i s  s t i l l  f a r  from equilibrium, the temperatures 

i n  the upper 500 fee t  are already substantially below those a t  Hole Able. 

On the basis  of a theoret ical  extrapolation formula (~achenbruch and 

Brewer, 1959) it i s  estimated tha t  the equilibrium tempemtures a t  about 

100 fee t  i n  Holes Able and Baker are  roughly - 4 ' ~  and - 6 O c  respectively. 

The mean annual surface temperature i n  the area is, therefare, probably 

close t o  - 6 ' ~  a t  present. 

2. The thermal e f fec ts  of the ocean and lagoon evidently cause anoma- 

lously high temperatures i n  the upper portion of Hole Able. However, it is 

the behavior of these anomalies a t  depth tha t  plays the c e n t r d  role i n  

problems of in t e res t .  The thermal anomaly introduced by the lagoon is 

expected t o  reach a maximum i n  the upper 300 o r  400 fee t  and then t o  dimi- 

nish with increasing depth. I f  the shoreline is  i n  equilibrium, the anomaly 

caused by the ocean should increase progressively with increasing depth. 

However, i f  recent shoreline movements have occurred, the ocean anomaly, 

too, is expected t o  reach a maximum in;$he upper 500 or  so f ee t .  Clearly, 

temperature information over the f u l l  1,000-foot range i s  required t o  

untangle the ef fec ts  of these two bodies of water, 

3 .  Although Hole Baker was f a r  from equilibrium on September 22, the 

curvature i n  the upper par t  of the thermal prof i le  f o r  tha t  date strongly 

suggests tha t  a significant climatic warming change has occurred a t  

Ogotoruk Creek i n  the past century. It i s  l ike ly  tha t  it i s  s t i l l  i n  

progress. 

4 ,  A t  depths below 465 f e e t  i n  Hole Baker the data are unreliable 

owing to  damage t o  the thermistors i n  ins ta l la t ion .  From the data a t  940 



fee t  and 1,015 feet,  however, it seems reasonable t o  in fe r  that the perma- 

f r o s t  depth is probably somewhat greater than 1,000 f e e t  a t  Hole Baker. 

The abaence of rel iable  data i n  the lower half of Hole Baker makes it 

d i f f i c u l t  t o  determine the undisturbed geothermal gradient below the zone 

of climatic change, a quantity fundanental t o  all aspects of the study. 

5.  Linear extrapolation of the data af figure 6 t o  O'C would seem t o  

yield a permafrost depth of Hole Able comparable t o  that  at  Hole Baker. 

Such extrapolation, however, is  not jus t i f ied  i n a m c h  as  the thermal 

regime at  Hole Able is evidently anomalous, and its behavior at  depth is 

uncertain. It seems l ikely,  however, that there is  a t  l e a s t  800 fee t  of 

permafrost a t  ~ b x e  "Able. 

6 .  Preliminary appraisal of these data does not exclude the possi- 

b i l i t y  tha t  a s ignif icant  marine transgression occurred i n  the last few 

thousand years. Such an event would have profound e f fec t s  on the present 

dis t r ibut ion of permafrost beneath the ocean, and on temperatures 500 

t o  1,000 f e e t  beneath the land surface. 

The above comments are  highly tentative,  qual i ta t ive inferences based 

upon ear ly  trends i n  the data.  A more preciae s tory  should emerge i n  the 

course of the next f e w  months as the thermal disturbance caused by d r i l l i ng  

diss ipates .  Rowever, inasmuch as the holes d r i l l e d  l a s t  summer did not 

permit adequate study of the c r i t i c a l  500 t o  1,000 fee t  depth range, con- 

clusions based upon data from exis t ing ins ta l la t fons  are expected t o  be 

highly uncertain. Further work next summer has been recommended t o  elimi- 

nate  t h i s  uncertainty. 
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SEISMIC VELOCITY MEASUREMENTS AT T.€B OGOTORUK CREEK CHARICYT SITE, 

NORTHWESTERN ALASKA 

BY 

D .  F .  Barnes 

In-hole veloci t ies  

In  the l a t e  spring of 1959 the Geological Survey w a s  asked t o  measure 

the velocity of sound through 50-foot depth intervals  a t  the t e s t  holes 

Able and Baker d r i l l ed  a t  the Chariot t e s t  s i t e  a t  Ogotoruk Creek. These 

velocity measurements were made with a standard in-hole veloci ty  geophone 

cable 1,000 f e e t  long and having s ix  geophones spaced a t  50-foot intervals  

on i t s  lower 250 f e e t .  The time of a r r iva l  of the sound energy was 

recorded by a 12-channel portable refract ion seismograph. The f i r s t  t e s t  

hole was logged on July 30 and 31, 1959. One man and h i s  seismic equipment 

remained a t  the s i t e  from August 17 t o  September 7, 1959, awaiting completion 

of the d r i l l i ng  of Hole Baker, but t h i s  hole was not logged because i t s  

walls were so unstable tha t  caving would probably have jammed the geophone 

cable i n  the hole, thereby preventing insertion of the thermistor cable. 

I n  logging the f i r s t  hole most of the charges were f i r e d  i n  two 3-foot 



holes dug i n  the muskeg approximately 50 f e e t  eas t  of the t e s t  hole and 

almost level  with i t s  col lar .  Charges of dynamite as  large as 1s pounds 

were f i r e d  i n  these muskeg holes, but these did not always provide suf- 

f i c i en t  signal t o  be detected clear ly over the large amount of noise 

caused by the high wind which blew continuously during the t e s t s .  Accord- 

ingly, a second ser ies  of shots was f i r e d  i n  the lagoon formed by 

Ogotoruk Creek 115 f ee t  west of the hole and 16 f e e t  below it. Four cable 

positions were used fo r  each shot position, i n  which the bottom geophone 

was 250, 350, 475, and 575 f ee t  deep, respectively, so tha t  there was 

e i the r  100 o r  125 f e e t  of overlap between each cable position. A refer- 

ence geophone was placed a t  the co l la r  of the hole, and was used t o  compute 

corrections of as  much as 0.005 second t o  compensate fo r  variations i n  

depth and form of the muskeg shot holes. The energy a r r iva l  times are  

plot ted versus geophone depth i n  figures 8 and 9, which show both the 

&served, s lan t  times, and the ve r t i ca l  a r r iva l  times computed by the 

method of Dix (1952). 

Both curves show a ve r t i ca l  velocity of about 14,200 fee t  per second 

throughout the lower 450 f e e t  of the hole, but there i s  a s l igh t  velocity 

decrease i n  the upper 125 feet .  This high velocity def ini te ly indicates 

t h a t  the rocks surrounding the hole are  frozen throughout i t s  depth. The 

velocity of unfrozen Tiglukpuk rocks i s  unknown, but rocks of similar 

geologic age and li thology were logged far ther  east  during the exploration 

o f Naval Petroleum Reserve No. 4; and veloci t ies  of 9,200 and 12,800 fps 

were obtained where these rocks were present at depths of 2,000 and 6,200 

feet ,  respectively (~ayne ,  1951; Legge, 1948; Gilbert, 1949). Even where 

deeply buried the velocity of the unfrozen rocks was not as  high as  the 
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ve loc i ty  of the  frozen rocks measured at Ogotoruk Creek. 

large-size thawed zone o r  o ther  marked ve loc i ty  change is  indicated 

by t he  ve loc i ty  logs, but  the  resolut ion of these  measurements i s  poor. The 

accuracy with which a seismic re f rac t ion  a r r i v a l  may be picked off  on an 

oscil lograph record var ies  from 0.001 t o  0.002 second depending on the 

record qua l i ty .  The lagoon shots gave good records and a l l  a r r i v a l  times 

l i e  within 0.001 second of the  veloci ty  l i n e  ( f i g .  9 )  ; the  muskeg shots 

gave poorer records and the  s c a t t e r  mounts t o  as much as 0.002 second 

( f i g .  8 ) .  A thawed layer  30 f e e t  th ick representing a veloci ty  decrease 

from 15,000 fp s  t o  10,000 fp s  would be indicated by a var ia t ion  of only 

0.001 second, and a thawed zone would have t o  be at  l e a s t  50 f e e t  th ick 

i n  order t o  be detected.  

One other  p a i r  of shots was f i r e d  t o  determine whether there was any 

anisotropism i n  the  veloci ty  of the  sediments. The r e s u l t s  suggested t h a t  

t h e  veloci ty  might be somewhat g rea te r  p a r a l l e l  t o  the  s t r i k e  than perpen- 

d icu la r  t o  it, but  t h i s  apparent anisotropism i s  more probably the  r e s u l t  

of a grea te r  thickness of low-speed unconsolidated mater ia l  a t  one shot 

point  than at  the  o ther .  

Surface re f rac t ion  measurements 

To supplement the  in-hole veloci ty  information obtained i n  Hole Ahle, 

and t o  obta in  desired subsurface informatdran when it became apparent t h a t  

Hole Baker would not a t t a i n  the required depth of 1,500 f ee t ,  the  Survey 

began a seismic re f rac t ion  study. This study was designed t o  obtain sub- 

surface information t o  a depth of 1,500 f e e t  i n  the  v i c i n i t y  of Hole Baker. 

This work had not been planned, and the  proper supplies and equipment were not 



available a t  Ogotoruk Creek. Although some additional items were l a t e r  

sent t o  the s i t e  from Fairbanks, the work could not receive proper support on 

such short notice. The r e su l t s  are therefare preliminary and largely incon- 

clusive. 

The locations of the seismic refraction spreads are shown on the map 

( f i g .  10) .  A l l  spreads consisted of 12 geophones separated by e i the r  25- 

or  LOO-foot in te rva ls .  Charges ranging from 1 t o  100 pounds were f i r e d  at 

various distances from the ends of these spreads. Charges were f i r ed  i n  

the lagoon of Ogot~ruk Creek, i n  the ocean, and i n  shallow holes dug i n  

the tundra. Because of the  shortage of explosives many of the prof i les  

could not be f i r ed  from both ends, and the indicated veloci t ies  may be sub- 

ject  t o  e r rors  caused by the slope of the refracting surface. 

The refract ion prof i les  indicate veloci t ies  i n  the frozen Tiglukpuk 

rocks that  range from 11,000 t o  14,500 fps.  In general the surface re- 

f ract ion measurements gave s l ight ly  lower veloci t ies  than the in-hole 

velocity measurements; t h i s  discrepancy cannot be eas i ly  explained. There 

is some indication from the surface measurements tha t  the veloci t ies  increase 

s l igh t ly  wit4 depth, but t h i s  increase would not extend below the bottom of 

the permafrost. 

The major refract ion e f fo r t  was a 7,500-foot profi le  made along the 

valley of Ogotoruk Creek i n  the hope of determining the depth t o  a layer of 

high-velocity Triassic limestone and chert t ha t  i s  believed t o  underlie the 

Tiglukpuk rocks a t  the t e s t  s i t e .  The prof i le  could not be completed 

because of lack of explosives. No shots were made t o  determine variations 

in  surface geology, and no reverse shot w a s  f i r ed  a t  the opposite end of 

the prof i le  . These additional shots m e  generally, considered standard aids 





f o r  the  in te rpre ta t ion  of seismic re f rac t ion  surveys, and t h e i r  absence 

severely hinders t he  analysis  of the  r e s u l t s .  

D y m i t e  charges f o r  the  7,500-foot p r o f i l e  ranged from 2 t o  100 pounds 

and were f i r e d  i n  the  lagoon of Ogotoruk Creek. The shot i n s t an t  was t rans-  

mit ted t o  the  recording instruments by wire f o r  the  f i r s t  2,200 f e e t  of the  

p ro f i l e  and by radio f o r  the  l a s t  2,200 f e e t ,  but  no shot i n s t a n t  was 

recorded f o r  the  middle spreads covering the  distances between 2,200 and 

5,400 f e e t .  The a r r i v a l  times i n  the  middle port ion of the  p ro f i l e  a re  

therefore  uncertain, although the  ve loc i t i e s  recorded by the  individual  

spreads should be accurate .  

The locat ion of the  p ro f i l e  i s  shown i n  f igure  10 and t h e  travel-time 

curve i n  f igure  11. The ve loc i ty  throughout the  f i r s t  6,400 f e e t  of the  

p r o f i l e  averages 13,200 f e e t  per second, but  between 6,400 and 7,000 f e e t  

t he  indicated ve loc i ty  i s  more than 16,000 f e e t  per second. However, f o r  

t he  l a s t  500 f e e t  of the  p ro f i l e  the  veloci ty  decreases again t o  about 

13,000 f ee t  per,second, but t h i s  l a s t  pa r t  of the  record i s  very hard t o  

read because only a small amount of energy was recorded by these geophones. 

The in te rpre ta t ion  of the  p ro f i l e  depends on the  significance attached t o  

t he  veloci ty  recorded between 6,400 and 7,500 f e e t .  The ve loc i t y  increase 

could represent e i t h e r  a deep, high-velocity re f rac t ing  layer  o r  a decrease 

i n  thickness of an unfrozen, unconsolidated s u r f i c i a l  l ayer .  

The surface l ayer  of most of the  Ogotoruk Creek Valley consis ts  of a 

1- t o  3-foot veneer of unfrozen unconsolidated sand, s o i l ,  peat, o r  alluvium 

t h a t  over l i es  e i t h e r  frozen unconsolidated mater ia l  o r  bedrock sha le .  The 

ve loc i ty  of the  unfrozen, unconsolidated layer  i s  very low and sound energy 

general ly  requires  about 0.01 second t o  pass through it. A reduction i n  the  

thickness of t h i s  l ayer  causes an apparent increase i n  veloci ty  f o r  a short  





distance, and an increase i n  i t s  thickness causes a,n apparent ve loc i ty  

decrease.  The map ( f i g .  10)  shows t h a t  the  long p ro f i l e  passes very close 

t o  an outcrop of the  Tiglukpuk a t  the  place where t h e  veloci ty  changes 

occur. I f  the  high ve loc i ty  i s  caused by a deep refractor ,  the  veloci ty  

decrease at  the  end of the p ro f i l e  could e a s i l y  be explained by an 

increasing thickness of unconsolidated mater ia l  beyond the outcrop. On 

the  other  hand, much of the  veloci ty  increase between 6,400 and 7,000 f e e t  

might be caused by a th inning of the  overburden a s  the  outcrop i s  approached, 

and no re f rac tor  would be indicated.  

However, the  high veloci ty  seems a l i t t l e  more pronounced than might 

be expected from a bedrock outcrop, and the  pos s ib i l i t y  of a deep re f rac tor  

deserves consideration. Calculation of the depth of t h i s  re f rac tor  depends 

on the  ve loc i ty  of the  r e f r ac to r  which cannot be accurately determined over 

such a shor t  d is tance.  The dashed l i n e s  i n  f igure  11 show the  range of 

ve loc i t i e s  between 17,000 and 20,000 f e e t  per  second t h a t  might be indi-  

cated by the da ta .  Calculations using these ve loc i t i es  indicate  t h a t  the  

g r ea t e s t  depth f o r  t h i s  possible deep re f rac tor  would be 1,750 fee t ,  and 

t h a t  it might be even shallower than t he  bottom of D r i l l  Hole Baker a t  

1,172 f e e t .  A r e l a t i v e l y  small amount o f  well-planned, addi t ional  seismic 

work could el iminate many of the  very ser ious  uncer ta int ies  i n  these 

calcula t ions .  
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GROUND-WA53R CONDITIONS I N  THE VICINITY OF PROJECT CHARIOT, 

OGOTORUR CREEK, NORTHWESTERN ALASKA 

BY 

R .  M. Waller 

Introduction 

A ground-water investigation of the Ogotoruk Creek area, Alaska, 

w a s  undertaken by the Geological Survey t o  determine the  poss ib i l i ty  of 

contamination of ground-water by f a l lou t  from the detonation of the nuclear 

devices i n  the construction of the proposed excavat ionat  the Chariot s i t e .  

Gmund-water may occur i n  the Arctic region of Alaska i n  shallow aquifers 

immediately beneath, and adjacent to ,  surface-water sources and a lso  i n  

deep aquifers beneath and within the perennially-frozen ground. The 

shallow aquifers consist  principally of unconsolidated material dependent 

upon water influent from adjacent surface sources during the summer. The 

deep aquifers are  permeable layers of bedrock and may very l ike ly  receive 

recharge from dis tan t  surface-water sources a t  most times of the year. 

Both of the above types of aquifers can be contaminated by any radio- 

active f a l lou t  from the proposed Project Chariot nuclear detonation. The 



shallow aquifers could receive contaminated surface water immediately, 

whereas it might take many years f o r  the deep aquifers t o  receive water 

t h a t  came from a contaminated surface source. Both types of aquifers i n  

the v ic in i ty  of Ogotoruk Creek and the assessment of possible contami- 

nation by radioactive f a l l o u t  are  discussed herein. 

Oaotoruk Creek Valley 

Shallow aquifers 

The lower reach of Ogotoruk Creek flows across a broad valley under- 

l a i n  by a re la t ive ly  th in  layer of unconsolidated material resting on 

bedrock. Several shallow t e s t  p i t s  were excavated i n  the flood p la in  

( f i g .  12) t o  determine t h e  thickness and character of the flood plain 

deposits and the presence of permafrost and bedrock. The first 4 p i t s  

were aligned i n  a profi le  across the flood plain between rock outcrops 

near the stream-gage s i t e  and on the opposite side of the creek. A few 

f e e t  of coarse, water-bearing gravel overlying a th in  frozen clay layer 

which i n  turn l i e s  upon highly fragmented bedrock, was penetrated i n  a l l  

the t e s t  p i t s  except one. Pit 3 had a harder frozen-clay layer than the 

others, which could not be penetrated. I n  p i t  2 a maximum depth of 5 

f ee t  was reached. 

P i t s  5 and 6 ( f i g .  12) were excavated half a mile and a quarter of 

a mile from the beach, respectively. P i t  5 was dug t o  abaut 8 fee t  i n  

water-bearing gravel; the bulldozer was unable t o  dig deeper owing t o  the 

high water-table i n  the t e s t  p i t .  Although the thickness of gravel was 

not determined i n  t h i s  t e s t  p i t ,  there seemed t o  be clay a t  the bottom 

of the p i t ,  P i t  6 exposed similar coarse water-bearing gravel which 
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could not be dug below a depth of 5 f ee t  because of the presence of e i ther  

frozen clay o r  bedrock. The nature of the bottom material i n  the t e s t  p i t  

could not be determined because of the high water-table but the bulldozer 

operator s ta ted  tha t  "it f e l t  l ike  bedrock." 

The highly permeable deposits i n  the flood plain of Ogotoruk Creek 

readi ly permit i n f i l t r a t i o n  of creek water which gradually thaws the 

seasonally frozen ground each year. I f  an unfrozen zone ex i s t s  between 

the bottom of the seasonal f r o s t  and the top of permafrost it w i l l  

remain unfrozen as long as recharge from the creek i s  adequate t o  maintain 

the creek underflow. The adequacy of recharge, the depth of seasonal f ros t ,  

the thickness of the gravels, and presence or absence of a thawed zone 

during the winter are  unknown. The occurrence of icings ( ice  formed by 

freezing of ground-water outflow) on the flood plain during the non-flow 

period of the creek would be an indication of a thawed zone. Late f a l l  

investigations are  planned t o  note any flood plain icings.  

Bedrock aquifers 

The bedrock beneath the valley i s  primarily mudstone, as  recorded i n  

core hole Baker, t o  a depth of 1,172 f e e t .  Hole Able also was cored i n  

mudstone t o  a t o t a l  depth of 598 f e e t .  Limestone, chert, and sandstone 

have been mapped i n  the s i t e  area and occur principally west of Ogotoruk 

Creek. The rocks generally s t r ike  northeastward and dip t o  the northwest, 

and minor overturned folds to  the eas t  are common. Moreover, as  stated 

e a r l i e r  i n  t h i s  report and by Kachadoorian (1958), the beds have been 

" .  . . . fur ther  disturbed by north-northeastward-trending high-angle 

reverse f a u l t s  and imbricate thrust  fau l t s . "  



The tnydstone i n  the  core holes  w a s  reportedly frozen f o r  the  e n t i r e  

depth. Much sloughing occurred a t  places, e spec ia l ly  from 136 t o  150 f e e t  

i n  Hole Able and i s  believed t o  represent  highly f ractured zones. No water 

was reported i n  such zones. Although not  noted i n  permafrost, ground- 

water may occur below the  permafrost i n  f rac tured mudstone and if so 

would probably be mineralized. 

Bedrock aqu i fe r s  may be recharged where streams flow across  the  

s t r i k e  of the  beds, such a s  along the east- trending course of the Kukpuk 

River about 10  miles t o  the  nor th .  It i s  l i k e l y  t h a t  a deep aquifer  

could be contaminated only i n  such an a r ea .  Because of the  normally slow 

r a t e  of ground-water movement, it probably would take many years f o r  such 

contamination t o  migrate t o  the  v i c i n i t y  of Ogotoruk Creek. 

Ad.i acent areas  

Shallow aqu i fe r s  

Shallow ground-water bodies probably occur i n  the  adjacent  major 

stream val leys .  The Kukpuk River t o  the  north and Kisimulowk Creek t o  

t he  e a s t  a r e  t he  neares t  streams. The Kukpuk River i s  much l a rge r  and 

hence probably sus ta ins  thawed zones beneath i t s  course more read i ly  than 

t he  creeks. 

Deep aquifers  

Deep aqu i fe r s  i n  the  area  a re  indicated by springs.  It i s  suspected 

t h a t  many of the  major streams, as wel l  a s  the  smaller ones, derive par t  

of t h e i r  flow from ground-water outflow i n  the  form of springs.  Permafrost 

extends t o  g r ea t  depths and the  springs indicate  t h a t  ground-water has 



su f f i c i en t  pressure and temperature t o  maintain unfrozen passages through 

t h e  permafrost. These unfrozen passages a r e  thought t o  be pr incipal ly  

along f a u l t s  o r  highly f rac tured  zones i n  the  limestone and sandstone rocks 

throughout much of t h e  a rea .  Both types of rock are  usually permeable and 

a r e  l i k e l y  t o  be the  water-bearing formations beneath the permafrost. 

Water i n  the  deep aquifers  may be mineralized t o  some extent .  

One s e t  of springs was discovered by Survey personnel 27 miles south- 

e a s t  of Ogotoruk Creek, near Cape Seppings. The springs, which have f i v e  

major zones of flow, emerge from unconsolidated gravel  and sand near the  

base of Covreruk Mountain. Covreruk Mountain i s  repor tedly  sandstone 

( ~ o o r e ,  G .  W . ,  personal communication, 1959) with limestone t h ru s t  over it 

from the  west. The springs had a measured discharge of more than 20 cubic 

f e e t  per second (9,000 gal lons  per minute) on September 9, 1959 (slaughter,  

M. J., personal communication, 1959) and had a temperature ranging from 

3 7 ' ~  t o  3 8 O ~ .  A chemical analysis  of t he  spring water i s  given i n  t ab le  

11 ( i n  pocket). 

Covreruk Springs, o r  s imilar  ones, may be recharged from the  Kukpuk 

River and other major r i ve r s  t o  the  north, o r  from the  Kivalina River t o  

the  northeast .  Both r ivers ,  and other  l e s se r  streams, f low across the  

regional  s t r i k e  of the  rocks throughout t he  Chariot s i t e  area  and may lose  

water t o  permeable, unfrozen port ions of the  rocks. Here i s  probably the  

chief a rea  where contaminated water could have access t o  t h e  deep aqu i fe r s .  

The springs, of course, may not show contamination f o r  years because of 

t he  slow r a t e  of ground-water movement and the  p o s s i b i l i t y  of a more 

remote source of recharge. 

A water sample of Nusoaruk Creek, 3 miles west of Ogotoruk Creek, 



was analyzed (see table  11) because the locale indicated a possible source 

of ground-water outflow. The small creek flows along the s t r ike  of steeply 

dipping limestone. An analysis of Ogotoruk Creek water i s  given fo r  com- 

parison ( table  7 ) .  

The writer believes tha t  other springs are l i ke ly  .in t h i s  region, The 

presence of limestone and sandstone, the structure of the formations, and 

a source of recharge i n  the large r ivers  t o  the north, a l l  contribute to  

the probabili ty tha t  ground-water i s  present i n  deep aquifers i n  the 

v ic in i ty  of the Project Chariot s i t e .  
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QUALITY OF WATER OF THE CHARIOT TEST SITE AND V I C I N I T Y ,  

NORTHWE STERN ALASKA 

BY 

W. L. Lamar 

Introduction 

A quality-of-water investigation was made of the Chariot t e s t  s i t e  and 

vicini ty ,  northwestern Alaska, t o  gather background data fo r  the Chariot 

event and i s  concerned chiefly with the public safety aspects of the 

Chariot program. The Chariot t e s t  of fers  an opportunity t o  investigate the 

e f f ec t s  of underground nuclear detonations on the water supplies of the 
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t e s t  a rea  and on t he  recovery of the  water supplies from rhdioactive con- 

tamination. Samples were col lec ted a t  se lected points  within the  area  

of predic ted contamination and a t  control  po in t s  outside of t h i s  area  t o  

provide information on pre-shot background l eve l s  of a c t i v i t y  of the  

waters.  Regular chemical analyses of the  waters were made t o  provide back- 

ground information and t o  provide data  f o r  the b io log ica l  s tudies .  Since 

under the  o r i g ina l  plan Ogotoruk Creek would discharge i n to  the  proposed 

harbor, the  sediment discharge of t h i s  stream w a s  measured. 

Appreciation i s  expressed t o  t he  following members of the  Geological 

Survey who a s s i s t ed  i n  t h i s  study: I?. B .  Barker and B.  P. Robinson who 

provided the  radiochemical examinations and evaluations, F .  B .  Walling who 

w a s  i n  charge of the  chemical qua l i ty  and suspended sediment t e s t i ng  of 

Ogotoruk Creek, and George Po r t e r f i e l d  who provided the  suspended-sediment 

evaluat ions .  

Collect ion of samples 

Ogotoruk Creek was sampled d a i l y  a t  the  Chariot s i t e ,  jus t  below the  

gaging s t a t i o n  which i s  1 . 2  miles upstream from the  mouth. Samples were 

co l l ec ted  f o r  chemical qua l i ty  examination and suspended sediment measure- 

ment f o r  the  period Ju ly  8 t o  August 30, 1959. Chemical analyses were 

made on 5 composite samples f o r  t h e  months of Ju ly  and August. The com- 

pos i t ing  of these  samples was control led  through d a i l y  t e s t s  f o r  spec i f i c  

conductance. 

The samples f o r  suspended sediment were col lec ted with the  US 

DH-48 hand sampler. These samples were depth in tegrated and col lec ted by 

t he  equal  t r a n s i t  r a t e  method. The highest  water discharge occurred during 

the  i n i t i a l  p a r t  of the  sampling. Since no rainstorm of any pa r t i cu l a r  



consequence occurred e i t h e r  during the  last half  o f  July  o r  i n  August, 

only one sample w a s  taken f o r  s ize  gradation.  

Spot water samples Mere col lected i n  northwestern Alaska during the  

period August 4 t o  September 9, 1959 a s  follows: Surface water samples 

were col lected at four  points i n  t he  Kukpuk River basin eastward from 

near the  mouth of the  Kukpuk River t o  about longitude 165%. One sample 

w a s  collected from the  Wulik River near i t s  mouth and one sample from 

the  Noatak River a t  the  junction with the  Kelly River. This l a t t e r  sample 

was col lected on the  same s ide  a s  the  inflow of the  Kelly River and 

probably represents p r inc ipa l ly  t he  water from t h a t  stream. Samples were 

a l so  col lected from a s t r e t ch  of the  coas ta l  region extending from 5 . b 2  

miles northwest of Cape Thompson t o  9 miles southeast of Cape Scppings. 

These col lect ions  were from small streams, ponds, a lagoon, and Covreruk 

Springs. One of these small streams, Nusoaruk Creek, appears t o  be spring 

fed  from a deep source. Two samples were taken from the  Chukchi Sea: one, 

two miles south of Point Hope, and another hal f  a mile offshore from the  

mouth of Ogotoruk Creek. A t  15 of the  above points  samples were a l so  col- 

l e c t ed  f o r  comprehensive radiochemical examination. I n  addition, 4 com- 

pos i tes  of da i l y  samples from Ogotoruk Creek were se lected f o r  examination 

f o r  alpha and be ta  a c t i v i t y .  Acetic ac id  was added t o  the  samples col- 

l e c t ed  f o r  comprehensive radiochemical analysis  at  the  time of  col lect ion 

t o  keep the  radiochemical consti tuents i n  solut ian.  Each sample f o r  radio- 

chemical examination included a sample f o r  regular chemical analys is .  

The water temperature was measured a t  the  time the  samples were col- 

l ec ted .  The chemical and physical measurements including the radiochemical 

analyses a re  reported i n  t ab l e s  7 t o  13. The locat ion of the sampling 

points  i s  shown i n  f igure  13. 





Water quality of Ogotoruk Creek 

Ogotoruk Creek drains an area underlain chiefly by sandstone, silt- 

stone, and mudstone with a l i t t L e  limestone and chert .  The su r f i c i a l  

deposits consist of gravel and windblown sand and silt  covered and/or mixed 

with an organic mat i n  places. The unconsolidated material i s  generally 

permanently frozen 1 t o  2 fee t  below the surface, whereas permafrost may 

be as  much as 10 f e e t  below the surface i n  bedrock. The geology and frozen 

condition of thR ground i s  reflected i n  the quality of water of Ogotoruk 

Creek. Rain and surface water does not penetrate f a r  into the ground and 

the ground water, which i s  discharged into Ogotoruk Creek, percolates 

through materials of re la t ive ly  low solubi l i ty .  Thus, the maximum dissolved 

so l ids  observed i n  waters of Ogotoruk: Creek was 40 par t s  per mill ion (ppm) 

during the summer of 1958, and 55 ppm during the summer of 1959. The 

chemical analyses f o r  Ogotoruk Creek f o r  the summer of 1959 are  shown i n  

table  7 and the r e su l t s  of water temperature and specific conductance 

measurements are  shown i n  table 8. 

The sediment discharge of Ogotoruk Creek was lower i n  the 1959 water 

year ( ~ c t o b e r  1, 1958 t o  September 30, 1959) than i n  the 1958 water year. 

This i s  due, i n  part, t o  greater shower ac t iv i ty  and more flow from storm 

runoff i n  the 1958 water year. I n  1958, the maximum instantaneous con- 

centration of suspended sediment w a s  1,530 ppm, observed on August 11, 

while i n  1959 the maximum instantaneous concentration w a s  161 ppm, observed 

on July 9 .  The highest monthly water discharge occurred i n  June 

pr ior  t o  the a r r i v a l  of the f i e l d  party and the collection of sediment 



Table 8.--Water temperature and specific conductance of Ogotoruk 

Creek at Chariot site, northwestern Alaska 

Specific 
conduct- 
ance 

(micromhos 
at 25OC ) 

52 - - 
49 

5 3 
- - 
59 
60 
60 

62 
5 9 
5 9 
6 1  
60 

- - 
63 
- - 
72 
65 

- - 
67 
6 7 
69 
70 
71  

Specific 
conduct- 
ance 

(micromhos 
at 2 5 ' ~ )  

69 
70 
- - 
73 
76 

76 
79 
79 
78 
8 1  

83 - - 
- - 
- - 
88 

88 
88 
90 

100 
90 

92 
93 
94 

100 
- - 

99 
100 
92 
93 
93 - - 

Mean 
discharge 

(cfs) 

14 
11 
7 
6 
5 

5 
4 
4 
6 
6 

5 
4 
3 
2 
2 

2 
2 
2 
2 
2 

2 
7 

16 
21 
18 

29 
92 

144 
134 
125 
116 

1959 

Water 
temper- 
ature 
(OF) 

43 - - 
44 

46 
- - 
43 
48 
45 

47 
55 
49 
60 
5 4 

- - 
50 - - 
49 
50 

49 
46 
- - 
44 
45 
5 3 

Day 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

August 1859 

Water 
temper- 
ature 
(OF) 

49 
46 
- - 
5 1 
5 1 

47 
48 
48 
46 
45 

48 - - 
- - 
- - 
5 2 

49 
53 
53 
54 
50 

45 
46 
42 
44 
- - 
- - 
47 - - 
42 
42 
- - 

July 

Mean 
discharge 

(cfs) 

210 
700 
500 

380 
270 
200 
140 
100 

70 
51 
21 
18 
16 

16 
17 
18 
95 
75 

69 
59 
45 
3 3 
25 
18 



samples. It i s  l ike ly  tha t  the highest monthly sediment discharge 

occurred during t h i s  period. A more complete picture of the sediment dis- 

charge of Ogotoruk Creek can be obtained through sediment sampling begin- 

ning a t  the time of breakup. On the basis  of the data available, the 

sediment discharge from Ogotoruk Creek i s  considered minor i n  relat ion t o  

the s ize of the proposed excavation. The r e su l t s  fo r  suspended sediment 

concentration and loads a re  given i n  table  9 .  

One determination of the par t ic le  s ize of the suspended material 

transported by Ogotoruk Creek was made i n  1959. These resu l t s  are given 

i n  table  10. In addition, three particle-size analyses were made on 

samples collected i n  1958 (~achadoarian, Campbell, Sainsbury, and Scholl, 

1958, P *  40) 

Chemical composition of waters of northwestern Alaska 

The waters examined i n  northwestern Alaska f a l l  i n  several cate- 

gories.  The waters of Ogotoruk and Kisimulowk Creeks are sof t  and low i n  

mineral content. Kisimulowk Creek drains an area roughly,; of the same 

kind of t e r r a in  as tha t  drained by Ogotonik Creek. Only 2 ppm of calcium 

was present i n  the sample from Kisimulowk Creek, and t h i s  low concen- 

t r a t ion  could be expected i n  view of the v i r tua l  absence of limestone 

outcrops i n  the drainage basin. 

For Ogotoruk Creek the cationic concentration consisted of 28 percent 

and more of a lka l i  metal ions, and the anionic concentration consisted of 

48 percent and more of strong acid ions as based on equivalents. In  

~ i s t i r g d l ~ w k  Creek the cationic concentration of a lka l i  metal ions and the 

anionic concentration of strong acid ions were both 57 percent. The above 

r e su l t s  a re  based on seven analyses for  Ogotoruk Creek and only one 



8 6 
'~abl; 9.-�  on cent ration and discharge Of suspended redlment for Ogotoruk Creek at Chuiot site, northwestern Alaaka 

+ k 8 8  thaa 0.05 ton. Collputed tm erti..tcd concentration m h .  

1 

Ry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

3.l 

l2 

13 

14 

15 

16 

17 

18 

19 

20 

21 

n 

23 

24 

25 

26 

27 

28 

29 

30 

31 

'Ibtrl 

Ilbtal discharge for period (cis--8) 3,944 
' ~ b t r l  load for period (tom) 408.5 

Mean 
di8chue 

( c h f  

216 

700 

500 

380 

270 

XK) 

lbo 

100 

70 

51 

21 

18 

16 

16 

17 

18 

95 

75 

69 

59 

45 

33 

25 

18 

3,146 

Mean 
dirchuge 

(cfa) 

14 

11 

7 

6 

5 

5 

4 

4 

6 

6 

5 

4 

3 

2 

2 

2 

2 

2 

2 

2 

2 

7 

16 

21 

18 

29 

92 

144 

134 

125 

116 

79s 

JULY 1959 

Supended 

m- 
concentration 

(PI 

70 

142 

P 

17 

17 

10 

1.2 

8 

5 

5 

3 

2 

2 

1 

1 

2 

15 

4 

3 

2 

1 

1 

3 

2 

1959 

sediment 

TOW 
per d.Jr 

40 

268 

40 

17 

a 12 

5.4 

4.5 

2.2 

.9 

.7 

.2 

.1 

.1 

(+I  

(+I  
.1 

3.8 

.8 

.6 

.3 

.1 

.1 

.2 

.1 

397.3 

Srurpended 

)bm 
concentration 

(mm) 

1 

70 

120 

65 

l2 

4 

4 

1 

-- 
1 

1 

-- 
-- 
-- 
- - 
-- 
-- 
-- 
-- 
1 

3 

1 

1 

-- 
-- 
-- ., 
1 

4 

4 

4 

2 

suLhent 

Tons 
Per deJr 

(+I  
2.1 

a 2.3 

1.0 

.2 

(+I  
a (+ I  

(+I  
(+I 
(+I  
(+I  

a (+I  

a (+I  
a (+I  

(+I  
(+ I  
(+ I  
(+I  

(+ I  
(+I  

.- (+I  
(+I  
(+I  

(+I  
a (+I  

(+ I  
.2 

1.6 

1.4 

1.4 

a .6 

u . 2  



Table 10. --Particle-size analysis of suspended sediment, 

Ogotoruk Creek at Chariot site, northwestern Alaska 

(Method of analysis: Bottom withdrawal tube; sieve; in distilled 
water; chemically dispersed; mechanically dispersed) 

Date and time of collection: July 8, 1959 at 11:20 a.m. 

Discharge, cubic feet per second ------------- 210 

Concentration of sample, ppm ----------------- 48 

Concentration of suspended analyzed, ppm ----- 150 

Particle size 
( in millimeters ) Percent finer than size indicated 

30 

38 

50 

60 

79 

87 

96 

100 



ana lys i s  f o r  Kisimulowk Creek, 

The waters from the other streams, except f o r  Nusoaruk Creek which 

appears t o  have ground-water contribution from a deep source, were moder- 

a t e l y  hard t o  hard. The dissolved so l ids  of the  waters of these streams 

ranged from 184 pprn fo r  the  creek flowing i n t o  the  southeast end of 

Tusikpok Lagoon t o  212 pprn f o r  both the  E a s t  Fork of the  Ipewik River and 

Ahgahyoukuk Creek. The waters from these streams contain l e s s  than 15  

percent a l k a l i  metal cations and l e s s  than 36 percent strong acid  anions. 

Nusoaruk Creek, 3 miles northwest of the  Chariot s i t e ,  had a dissolved 

s o l i d s  content of 1,530 pprn a t  the  time of observation. The qua l i ty  of 

water ind ica tes  t h a t  t h i s  stream i s  spring f ed  from a deep source. Two 

samples of water were collected f ran  Covrerulr Springs which a r e  southeast 

of the  Chariot s i t e .  These samples showed a dissolved mineral content of 

1,330 pprn on August 15 and 1,650 pprn on September 9.  Both of these waters 

a r e  high i n  sodium chloride and f o r  both the  cat ionic  concentration con- 

s i s t e d  of about 70 percent a l k a l i  metals ions and the anionic concen- 

t r a t i o n  consisted of about 90 percent strong acid  ions.  

The two biological  control  ponds (analyses 6 and 7, t ab l e s  11 and 12)  

north of the  Chariot s i t e  show a s t r i k ing  difference i n  chemical compo- 

s i t i o n .  The smaller pond t o  the  west i s  low i n  mineral content (dissolved 

so l i d s  36 ppm) as may be expected f o r  a thaw pond i n  t h a t  a rea .  The 

l a rge r  pond t o  the  ea s t  was considerably higher i n  mineral content (dis-  

solved so l i d s  94 pprn). The composition of the  water from t h i s  pond i s  

unusual f o r  a surface source i n  the  area.  On the  ba s i s  of usual  chemical 

combinations t h i s  water contained pr inc ipa l ly  magnesium su l fa te  and sodium 

su l f a t e .  It i s  a l s o  noted t h a t  the  magnesium is more abundant than the 



calcium. Except fo r  the sea water, t h i s  relationship i s  t rue i n  only 

one other place, Nusoaruk Creek which i s  considered spring fed. The 

cationic concentration of both ponds consisted of more than 74 percent 

a l k a l i  metal ions. The smaller pond t o  the west contained 60 percent 

strong acid anions consisting primarily of chloride, whereas the larger  

pond t o  the east  contained 79 percent strong acid anions consisting 

primarily of su l fa te .  

Radiochemical analvses 

The concentrations of alpha act ivi ty ,  beta act ivi ty ,  uranium, radium, 

radiostrontium and radiocesium were determined on 17 samples from streams, 

ponds, a lagoon, Covreruk Springs, and the Chukchi Sea. In addition, 

concentrations of alpha ac t iv i ty  and beta ac t iv i ty  were determined on four 

selected composite samples from Ogotoruk Creek. These resu l t s  are shown 

i n  tables  12 and 13. 

The concentrations of alpha and beta ac t iv i ty  were, i n  general, of 

the  same magnitude as  normally found i n  similar water from other par t s  of 

the United States .  The two biological control ponds, located north of 

the Chariot s i t e ,  contain relat ively high concentrations of beta ac t iv i ty  

a s  compared with other water i n  the vicini ty .  However, it seems unlikely 

tha t  the beta ac t iv i ty  can be due ent i re ly  t o  a build-up of natural radio- 

elements. A t  l e a s t  par t  of t h i s  beta ac t iv i ty  might be ascribed t o  f a l l -  

out which has accumulated from previous nuclear %ests  and which has not 

been en t i r e ly  flushed from the basin by natural drainage. The sea water 

samples contained considerable beta ac t iv i ty ;  most, i f  not pract ical ly  

a l l  of t h i s  ac t iv i ty  can be ascribed t o  the potassium-40 content of the 

water. The concentrations of radiocesium were below the detection l i m i t  



Table 13.--Radiochemical data fo r  composite water samples from Ogotoruk 

Creek a t  Chariot s i t e ,  northwestern Alaska 

( ~ n a l y t i c a l  resu l t s  i n  micromicrocuries per l i t e r )  

i n  some samples (table 12), and the concentrations of radiostrontium were 

equal t o  o r  l e s s  than detection l i m i t  i n  a l l  samples. 

The natural  radioelements, uranium and radium, were found i n  very low 

concentrations i n  a l l  fresh-water samples. The samples col lected i n  the 

immediate v ic in i ty  of Ogotorulc Creek, however, have notably low uranium 

concentrations, even for  t h i s  area. 

Conclusions 

Beta ac t iv i ty  

5.1 + 2.6 as  of 
Novezber 2, 1959 

6.0 + 2.6 as  of 
Novezber 3, 1959 

4.0 + 2.6 as  of 
NoveGber 2, 1959 

5.6 + 2.6 as  of 
~oveEber 3, 1959 

Number  
on map 
( f ig .  13) 

9 

9 

9 

9 

On the bas is  of the data available the suspended sediment discharge of 

Ogotoruk Creek can be considered minor i n  re la t ion  t o  the s ize of the 

proposed excavation. A more complete evaluation of the sediment discharge of 

Ogotoruk Creek can be obtained through measurements beginning at the time of 

bredcup . 

Date of collection 

July 13-20, 1959 

July 22, 
July 24-~ug. 2, 1959 

August 15-24, 
26-27, 1959 

August 4-11, 1959 

Alpha ac t iv i ty  

< 0.2 as  of 
, November 3, 1959 

< 0 . 2 a s o f  
November 3, 1959 

< 0 . 3 a s o f  
November 3, 1959 

< 0 . 2 a s o f  
November 3, 1959 



The chemical composition of the  waters of northwestern Alaska f a l l  

i n t o  several  categories.  The analyses of samples from two sources, 

Covreruk Springs and Nusoaruk Creek, ind ica te  ground-water contribution 

from a deep source, which i s  i n  accord with repor ts  t h a t  these sources 

flow throughout the  year .  

The radiochemical l eve l s  of the  f r e sh  waters were low and of the  

same magnitude a s  would normally be found i n  s imilar  waters from other 

p a r t s  of the  United S ta tes .  The highest  a c t i v i t y  of the  f r e sh  waters 

was found i n  the  two biological  control  ponds located north of t he  Chariot 

s i t e .  Par t  of t h i s  higher be ta  a c t i v i t y  might be ascribed to- f a l l o u t  

which has accumulated from previous b l a s t s  and which has not been flushed 

out because of some lack of na tura l  drainage. However, it should be noted 

t h a t  the  chemical composition of the  water of the  l a rge r  control  pond t o  

t he  ea s t  i s  unusual f o r  the  area .  

The evidence of deep ground-water aquifers  i n  the  area imposes s 

p o s s i b i l i t y  of ground-water contamination pa r t i cu l a r l y  i f  the  intake areas  

a r e  i n  the  zone of f a l l o u t .  The analysis  of Nusoaruk Creek i s  indicat ive  

t h a t  t h i s  stream i s  spring fed from a deep source. It i s  l i k e l y  t h a t  

o ther  streams i n  t he  area derive some par t  of t h e i r  flow from springs.  

The slow rate of ground water movement provides the  pos s ib i l i t y  of l a t e  

contamination which could appear i n  the  discharge a s  much as several  years 

a f t e r  the  detonation, i n  the  event such a c t i v i t y  i s  not removed by ion 

exchange and/or adsorption. 
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SURFACE WATER DISCHARGE OF OGOTORUK CREM NEAR 

POINT HOPE, ALASKA 

BY 

M. J. Slaughter 

Introduction 

Ogotoruk Creek empties into the Chulrchi Sea approximately 6$ miles 

southeast of Cape Thompson and about 24 miles southeast of Point Hope, 

Alaska. The creek i s  approximately 10 miles long and is braided through- 

out most of its length. It flows westward fo r  the f i r s t  6 miles and 

southward f o r  the remaining 4 miles; it drains approximately 40 square 

miles. 

The stream bed consists of clean gravel and mudstone, graywacke, 

and sandstone. The flood plain i s  about 1,000 f e e t  wide and consists of 

gravel, sandstone, and mudstone . 

Hydrology 

The stream-gaging s ta t ion  on Ogotoruk Creek, 1 .2 miles above the 

mouth, was reactivated on May 27, 1959. A tabulation of da i ly  mean dis-  

charge through September 30, monthly flows June through September, and 

peak flows tha t  exceeded 400 cubic f ee t  per second is shown i n  table 14. 



Table 14. --Daily discharge of Ogotoruk Creek near Point Hope, Alaska 

from May 27, 1959 to September 30, 1959, in cubic feet per second 

Day May June July August September 
1 b 240 80 14 
2 

87 
b 222 5 1 11 
b 204 

5 9 
3 48 7 3 5 
4 b 266 37 * 6 29 
5 312 a 38 5 21 
6 316 a 60 5 16 
7 240 a 110 4 14 
8 183 210 4 * 12 
9 195 a 700 6 10 
10 180 a 500 6 
11 

7 
171 a 380 5 6 

12 256 a 270 4 5 
13 377 a 200 3 3 
14 276 a 140 2 2 
15 319 a 100 2 2 
16 370 a 70 2 2 
17 266 * 51 2 1 .  
18 216 21 2 1 
19 198 18 2 1 
20 256 16 2 1 
21 180 16 2 1 
22 * 148 17 7 b 1 
23 148 18 16 a 1 
24 126 95 21 a 1 
25 118 75 18 a 1 
26 124 69 29 a 2 
27 *b 41 153 59 92 a 3 
28 b 63 137 45 144 a 4 
29 b 83 102 3 3 134 16 
30 b113 86 
31 b156 

25 125 53 
18 116 

Total 6,385 3,570 798 397 
Mean 213 115 25-7 13.2 
AC-ft 12,660 7,080 1,580 787 

Peak discharge (base, 400 cfs).--~une 13 (2  p.m.) 436 cfs (4.39 ft); . 
June 15 (9 p.m.) 504 cfs (4.56 ft); July 9 (time unknown) 1,260 cfs_ 
(4.3 ft). 

* Discharge measurement made on this day. 

a No gage-height record; discharge estimated. 

b Stage-discharge relation affected by ice. 



For a l l  prac t ica l  purposes no flow occurred i n  Ogotonrk Creek from 

October 1, 1958 u n t i l  l a t e  i n  May 1959. Some flow may have occurred on 

cer tain scattered days but amounts were too small t o  be of importance i n  

the  overal l  surface-water study. 

The peak discharges recorded on June 13, 1959, June 15, 1959, and 

Ju ly  9, 1959 were 436 cfs, 504 cfs, and 1,260 cfs, respectively. The 

flood plain indicates tha t  peaks much higher than these can be expected. 

The t o t a l  discharge f o r  June was 12,660 acre-feet; f o r  July, 7,080 acre- 

fee t ;  f o r  August, 1,580 acre-feet; and f o r  September, 787 acre-feet. 

Conclusions 

No conclusions can be drawn from the l imited streamflow records 

obtained thus far ,  except tha t  any flow between mid-October and mid-May 

i s  l i k e l y  t o  be m a l l .  Between mid-May and mid-October unusually warm 

temperatures or  heavy precipitation may markedly increase the flow. A t  

times during t h i s  period, the ra te  of increase i n  flow may be rapid as  

on July 9, 1959. 

End 
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