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m 
GEOLOGIC -ASPECTS OF TNE NOVEMBER 1960 

TEST AT THE PROJECT CHARIOT SITE, NORTHWESTERN ALASKA 

BY 

Reuben Kachadoorian 

ABSTRACT 

I n  November 1960, a 256-pound high explosive crater ing experiment 

was conducted a t  the  Chariot t e s t  s i t e ,  northwestern Alaska. The ex- 

plosive was detonated a t  a depth of 8.7 f e e t  i n  steeply dipping th in ly  

bedded mudstone of the  ~ l _ ~ l u k ~ u k d ? )  Formation of Late Jurass ic  age. The 

mudstone was frozen t o  a depth of 1.5 f ee t ,  thawed between l r 5  and 4.0 

f e e t  below the  surface, and permanently frozen below 4 , O  f e e t  from the 

surf  ace. 

A symmetrical c r a t e r  8 f e e t  deep and 26 f e e t  i n  diameter was pro- 

duced. An asymmetrical apron of ejected debris was deposited within a 

550-foot radius around ground zero. Three zones of debris were recognized: 

1 )  an inner zone, c losest  t o  ground zero, composed of very coarse debris 

derived from the  upper frozen zone, 2) an intermediate zone composed of 

f i ne  debris derived from the  thawed zone, and 3) an outer zone composed 

of coarse debris derived from the  thicker  beds of t h e  permanently frozen 

zone. In  addition, a very f i n e  grained tonguelike sheet of f a l l ou t  

debris was mapped, 

The s p a t i a l  d i s t r ibu t ion  of t he  debris was controlled by the  proximity 

of t he  parent material  t o  the  explosive. Debris derived from close t o  the  

center of the  explosive was thrown the  grea tes t  distance from the  c ra te r ,  

Debris fragment s i ze  was controlled by the  cementation of the  mudstone by 

ice and proximfty t o  t he  center of the  explosion, Debris derived from un- 

frozen zones was f ine ,  i n  contrast  with coarse debr is  derived from frozen 

zones, Debris from the  permafrost zone close t o  the  center of t he  explo- 

sion was f i n e r  than debr is  froin the  frozen zone near the  surface. Asymmetry 



of the  debris apron was probably controlled by the a t t i t u d e  of the  mud- 

stone. Fallout d i s t r ibu t ion  was controlled by the  wind direction.  

The cloud resu l t ing  from the detonation was about 190 t o  200 f e e t  i n  

average height and was about 175 f e e t  wide. However, i n  the center of t he  

cloud a streamer about 30 f e e t  wide rose t o  a height of about 250 f ee t .  

This streamer of cloud debr is  probably marks the  t r a j ec to ry  of the  con- 

c r e t e  stenrming t h a t  was thrown out 335 f e e t  south of ground zero. 

INTRODUCTION 

In  October 1960, the  Atomic Energy Commission requested the  Geologi- 

c a l  Survey t o  provide engineering geological advice to the  Lawrence 

Radiation Laboratory, Livermore, California, which had been authorized 

to conduct a pre-Chariot chemical explosive experiment a t  the Chariot 

t e s t  s i t e  i n  northwestern Alaska. Accordingly, Reuben Kachadoorian of 

the  U. S. Geological Survey spent from November 6 t o  November 19, 1960, 

a t  the Chariot t e s t  s i t e  locat ing the  s i t e  f o r  the  high-explosive t e s t  

and making pre- and post-shot geological observa+,ions. 

The Chariot t e s t  s i t e  is  about 110 miles north of the  Arctic Circle 

on the  northwestern coast of Alaska ( f i g .  1). It is  about 125 miles 

northwest of the  town of Kotzebue and 32 miles southeast of Point Hope. 
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GEOLOGY 

General statement 

The experiment consisted of the  detonation of a 256-pound spher ical  
Late 

charge of TNT i n  the  ~ i g l u k ~ u k ( ? )  Formation ofAJurassic age. The center 

of t he  charge was placed i n  a 26-inch diameter hole a t  a depth of 8.7 

f e e t .  A sand cushion was placed around the  charge and t o  a height of 2 

f e e t  above the  center of the  sphere. The remaining 6.7 f e e t  of the  hole 

was stemmed with concrete which had an average weight of 144 pounds per  

cubic foo t  (Lawrence Radiation Laboratory, personal communication, 1960). 

The charge w a s  detonated a t  11: 30 a.m. on November 19, 1960. 

Pre-shot s tudies  

The t e s t  was conducted i n  the ~ i g l u k ~ u k ( ? )   oma at ion which basi -  

c a l l y  i s  a mudstone-sandstone un i t .  However, the  charge was placed i n  

t he  mudstone p a r t  of t he  u n i t .  The hole i n  which the charge was placed 

(ground zero) was mapped and the  rocks were subdivided in to  3 zones: 

frozen ac t ive  zone, thawed ac t i ve  zone, and permafrost zone ( f i g .  2 ) .  

Frozen ac t ive  zone 

The top 1 .5  f e e t  of the  hole i s  i n  the  frozen ac t ive  zone and the  

rocks consis t  of t h in ly  bedded mudstone. The average thickness of the  

beds i s  about a quar ter  of an inch. . However, some beds a s  much a s  2 

inches th ick were noted. Owing t o  the annual freezing and thawing cycle, 

the  beds were highly f ractured and d i s to r ted ,  Although the  s t r i k e  of t he  

beds was f a i r l y  constant a t  N. 55' E.,  the  dips ranged from 80' SE. t o  



F'rozen active zone; mudstone, thinly bedded, average thickness of beds 
# inch, docdly  2 inches thick; beds highly fractured and dfstorted 
due to  ice action; very l i t t l e  clear  ice  noted, although locally, 
some fractures healed by Ice. 

Thawed active zone; mudstoone 8 1 m i l u  to  m z e n  active zone material, 
hyever, intex%d6 are loost. 

Pemafroet romf muastone, thinly bedded; beds range from 1/16 to  
2 incher thiek and average t inch; local ly be& of clay-like 
material t p  1/8 inch thick; *-inch beds &out 60 percent of unit; 
ice lens an4 vugs c-n, locally 7 incher thick; fraa 4.0 t o  
5.0 feet ice content &bout 30 percent, hawbmr, average iee 
content ia t h i r  unit is &+mat 10 t o  15 peresat; fmm 8.6 to 
9.6 feet  no clear i c e  nolt+a although fract-8 and jeintr 
healed by ice; bed6 rfrfke I. 5 9  E. with av- dip of 8 5 O  ICW. 

Pigum 2, kologic rection expo~ed i n  t e s t  bole at ground zero. Plane of 
section etrAkm R35q which is no& t o  @tribe of beds, R550E. 



70° NW. Although the unit was frozen, clear ice vugs or lenses were not 

noted. The fractures, however, were healed by ice. The moisture content 

of this unit based on one sample collected at a depth of 1.3 feet was 3.1 

percent (table I). All moisture determinations in this report, unless 

Table 1.--Moisture content-determinations of rocks in the frozen 
active, thawed active, and permafrost zones at ground zero 

Zone Depth (ft) Percent moisture 

Frozen active 1-3 3-1 

Thawed active 

Permafrost 

Do. 

Do. 

Do. 

Do. 

otherwise indicated, were conducted in the field in the following man- 

ner: a sample was collected, weighed, and placed upon a stove (approxi- 

mately 90' c), and heated to a constant weight. The loss of weight was 

recorded and the moisture content determined. It should be pointed out 

that the results may be slightly low because moisture determiqations are 

usually done at a temperature of 10'jO C. 

Thawed active zone 

The thawed active zone thatunderlies the frozen active zone was 2.5 

feet thick and extended from 1.5 to 4.0 feet below the surface. The rocks 

in this unit were similar to those of the overlying frozen active zone 

rocks, with one exception. Whereas the rocks of the frozen active zone 



were well cemented by ice, the thawed zone rocks were not. The fractures 

in this zone were loose, and the rocks, as a whole, were relatively more 

friable than the overlying frozen rocks. The moisture content of the 

thawed active zone rocks, based on one determination of a sample col- 

lected at 3.4 feet below the surface, was 3.6 percent. 

Permafrost zone 

Permafrost was encountered at a depth of 4.0 feet in the test Hole 

at ground zero and existed to the bottom of the hole, which was 9.6 feet 

deep. The mudstone of this unit was thinly bedded, ranging from 1/16 .Inch to 

2 inches thick, and averaged a quarter of an inch thick. Locally, beds of 

claylike material up to an eighth of an inch thick were observed. The 114- 

inch fraction of the beds comprised about 60 percent of the total unit. 

The beds in the permafrost unit showed very little fracturing and dis- 

tortion. The strike of the beds was fairly constant at N. 55" E. and the 

dip, although ranging from 70" NW. 6 85" SE., was rather uniform at 85O NW. 

The moisture content of the permafrost zone rocks varied greatly 

(table 1). Ice lenses and vugs were common, especially from 4.0 to 5.0 

feet, where an ice lens 7 inches thick and 2 feet long was present. The 

average moisture content of thls 1-foot zone, based on a visual estimate, 

was about 30 percent. Several samples were collected in the permafrost 

zone. One of the samples collected at 6.5 feet with a moisture content 

of 4.4 percent represents the minimum moisture content of the perma- 

frost zone. The other sample bollected at 6.5 feet with a moisture con- 

tent of 9.3 percent represents approximately the average moisture content 

of the permafrost zore . 



Post-shot studies 

Crater 

The diameter of the crater resulting from the high-explosive deton- 

ation was remarkably uniform and averaged 26 feet at the original ground 

level. However, the vertical configuration of the crater appears to 

vary (pl. 1). Time and weather did not permit a thorough examination of 

the crater and, therefore, it must be stated that the following discus- 

sion on the vertical configuration of the crater could be subject to 

change upon a more thorough examination. 

Based on an analysis of sections A-At and B-Bt (pl. 11, the dip of 

the crater wall ranges from 50" to 60" in the permafrost zone, from 30" 

to 60' in the frozen active zone, and from 20" to 25" in the thawed active 

zone. It is unknown at this time whether this rather uniform dip, espec- 

ially in the permafrost and thawed active zones, is characteristic and 

could be demonstrated again in future htgh-explosive tests under similar 

conditions at the Chariot test site. 

Clifford Bacigalupi, of the Lawrence Radiation Laboratory, Liver- 

more, Calif., reported (written communication, 1960) that the apparent 

volume of the crater was 78.5 cubic yards, the volume of the lip of the 

crater 110 cubic yards. Bacigalupi has calculated the swell of the 

debris as 40 percent. 

The distribution of debris fractured by the detonation and left in 

the crater is indicated on the geologic map and sections A-A' and B-Bt 

( 1  1). Although some intermingling of debris from the different zones 
# 

occurred, the intermingling was only minor, and the debris on the crater 

walls consisted chiefly of debris as indicated on plate 1. 



Figure 3.-Map showing distribution of throwout and fallout debris 
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Throwout debris  

Throwout as  used i n  t h i s  report  consisted of material  which followed 

baU&ic  t r a j ec to r i e s  t o  i t s  s i t e  of deposition. It was dist inguishable 

from fa l lou t  debris on the basis  of i ts  coarser s ize  and ra ther  uniform 

s p a t i a l  d i s t r ibu t ion  pat tern.  The throwout debris from the high-explosive 

detonation could eas i ly  be mapped and subdivided in to  the same un i t s  t h a t  

were used i n  mapping the hole a t  ground zero. 

The diameter of the  d i s t r ibu t ion  apron of throwout debris ranged from 

8 minimum of 800 fee t  i n  a northeast-southwest direct ion t o  a maximum of 

900 f e e t  i n  a northwest-southeast di rect ion ( f i g .  3 ) .  The minimum radius 

of the  d i s t r ibu t ion  apron of throwout debris i s  about 350 f e e t  i n  a north- 

westerly direction,  the direct ion of the average d ip  of the  beds. The 

maximum radius i s  550 f e e t  i n  a southeasterly direction,  1.80' from the 

direct ion of the  average dip. In  northeasterly and southwesterly direc- 

t ions,  along the s t r ike ,  the r a d i i  are  450 and 360 f ee t ,  respectively. 

The asymmetry of the  debris apron suggests t h a t  the d ip  may have had an 

effect  upon the d i s t r ibu t ion  of the throwout debris.  
outwar c. 

The debris from the c r a t e r  l l p  t o  within '45 t o  50 f e e t  of ground 
A 

zero consisted chiefly of material deriyed from the frozen act ive zone, 

with some material  from the underlying thawed act ive and permafrost 

zones. The la rges t  boulder noted was i n  t h i s  area and was 5 x 4* x 1$ 

fee t .  The frozen-unfrozen interface,  1 . 5  f e e t  below the surface, con- 

t ro l l ed  one dimension of the fragments derived from upper frozen act ive 

zones. No fragments with a minimum dimension la rger  than 1$ f ee t  were 

noted. The debris i n  t h i s  zone traveled only a short  distance, and the  

large platy  fragments were mostly overturned. Although the majority of 

the large fragments had only been overturned and moved short  distances,  



the top 2 t o  3 f e e t  of the concrete stemming landed 335 f e e t  from ground 

zero on an azimuth of 185". The median diameter of the  throwout debr is  

became rapidly smaller toward the  outside boundary of  the  zone (45 t o  50 

f e e t  from ground zero) where the  median diameter of the  fragments was 

about 2 inches ( f ig .  4).  

From a radius of 45 t o  50 f e e t  t o  an average radius of about 250 f e e t  

from ground zero, the throwout debris consisted chief ly  of material  de- 

r ived f r o m  the  thawed ac t ive  zone. The thickness of debr is  deposit was 

much l e s s  than t h a t  derived from the frozen act ive  zone. Figure 4 shows 

tha t  the median diameter of the  debr is  i n  t h i s  throwout zone was much l e s s  

than tha t  of fragments obtained from the frozen-rock zones. This i s  ex- 

pected because the  rocks of the  thawed zone were not cemented by i ce  and 

the rocks were somewhat more f r i a b l e  than the frozen rocks. 

I n  the area  from 250 f e e t  t o  the  maximum distance of throwout (550 

f ee t ,  see f ig .  3), the  rocks consisted ch ie f ly  of scat tered fragments of 

rocks derived from the more massive beds of the  permafrost zone. The 

median diameter of the rocks was l a rge r  than the  debr is  i n  the  45- t o  

250-foot throwout zone but smaller than t h a t  of the  rocks i n  the  throwout 

zone from the c r a t e r  l i p  t o  about 50 f e e t  from ground zero. However, the  

number of fragments was much lower. Beyond 300 f e e t  from ground zero 

only an occasional fragment was noted. 

Fal lout  debr is  

Fallout a s  used i n  t h i s  report  i s  non-radioactive debr is  a r res ted  i n  

i t s  b a l l i s t i c  f l i g h t  by atmospheric drag. Subsequent deposition was con- 

t r o l l e d  by f ree  f a l l  and atmaspheric currents.  In  contrast ,  Co t h e ' . g e n e d l y  

coarse thxowout debris,  fa l lou t  cblllsisted almost wholly of fine-grdined 

debris whose s p a t i a l  d i s t r ibu t ion  was not uniform around ground zero. 





Undoubtedly some f a l l o u t  debr is  was intermingled with throwout 

debr is  i n  the  throwout zone but the  amount could not be established 

visual ly .  However, outside of the  throwout zone d i f f e r en t i a t i on  on t he  

ba s i s  of s i z e  was read i ly  possible.  The only f a l l o u t  noted outside of 

the  outer  margin of  the  t,hrowout zone occurred south of ground zero 

( f ig .  3). This f a l l o u t  d i s t r ibu t ion  pa t te rn  was the  r e s u l t  of the  d i r -  

ec t ion of the  wind a t  time of the  detonation. A t  t h a t  time the  wind, 

3,700 f e e t  west of ground zero, was from the  north-northwest (340') a t  

a ve loc i ty  of 12 knots. Fallout  debr is  was noted a t  l e a s t 8 7 5  f e e t  

from ground zero on an azimuth of 175' and was about 215 f e e t  wide 

550 f e e t  from the  c r a t e r  center. 

Material comprising the  f a l l o u t  consisted ch ie f ly  of mudstone from 

the  thinner beds. Based on the information now available,  it i s  d i f f i -  

cu l t  t o  s t a t e  with any degree of ce r ta in ty  which of the  3 zones 

(frozen act ive ,  thawed act ive ,  and permafrost) was  the major source of 

f a l l o u t  debris .  There i s  no doubt, however, t h a t  the  f a l l o u t  debris  

represented mater ia l  from the  thinner mudstone beds. Kermit H. Lar-. 

son, University of California a t  Los Angeleg determined p a r t i c l e  s i z e  

d i s t r i bu t i on  along the  estimated f a l l ou t  midline (azimuth of 175" ) , 
and repor ts  t h a t  390 f e e t  from ground zero, 100 percent of t he  p a r t i -  

c les  a r e  smaller than 2000 microns (wri t ten  communication, 1961). 

Cloud height and width 

The calcula t ion of t he  height and width of the cloud resu l t ing  from 

the  detonation i s  based on data  obtained with a Brunton compass and from 

pacing, and i s  therefore,  only approximate. The average height of t he  

cloud w a s  about 190 t o  200 f e e t  and the  width w a s  approximately 175 f ee t .  



However, i n  the  center of the  cloud a streamer about 30 f e e t  wide rose t o  

a height of approximately 250 f e e t .  This streamer of cloud debr is  prob- 

ably  marks the  t r a j ec to ry  of the  concrete stemming t h a t  landed 335 f e e t  

south of  ground zero. 

SUMMARY 

In  general, the  rock proper t ies  and geologic environment played a 

major ro l e  i n  the  d i s t r i bu t i on  and s i ze  of throwout debr is  and the  source 

of f a l l o u t  debris .  Some of the more spec i f ic  conclusions are:  

(1)  The c r a t e r  was remarkably symmetrical; however, minor irregu- 

l a r i t i e s  were present. 

( 2 )  The deposition of throwout debris  was controlled by i t s  distance 

from the  charge. Material from the  a rea  close t o  the  charge traveled 

the  f a r t he s t .  Most of the  debris  from the  surface frozen ac t ive  zone was 

overturned and t raveled only a shor t  distance. Material  from the  more 

massive beds of the  permafrost zone was thrown fu r the r  than mater ia l  

derived from the  th in  beds i n  the  p e w f r o s t  zone. 

( 3 )  Tlie s i ze  of t he  e jected fragments was dependent upon the  cementa- 

t ion  by freezing of moisture i n  t h b  rocks. The l a rges t  fragments were 

derived from the  frozen ac t ive  zone and consisted of debr is  t h a t  had been 

overturned by the  detonation. I n  contrast ,  fragments from the  thawed 

ac t ive  zone were small. 

(4)  Very l i t t l e  f rac tur ing  of bedrock i n  the c r a t e r  w a s  noted. 

(5)  There i s  a corre la t ion between the a t t i t u d e  of the  beds and t h e  

radius asymmetry of the  d i s t r i bu t i on  of throwout debris .  The minimum 

radius (350) f e e t  of throwout debr is  occurred i n  t he  d i rec t ion  of the  



dip. The maximum radius of 550 feet occurred 180" from the direction 

of dip. 

1 (6) Fallout debris consisted chiefly of material from the thin beds 

in contrast to the:thick beds. The direction of fallout distribution 

was controlled by the direction of the wind at time of detonation. 
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