
NV0-746-122 

MILROW/CANNIKIN 
SEISMIC EFFECTS 

RE.C~IVE.D BY TIC M A
y 3 0·1972. 

CTI --

TH\S DOCUMENT CONFIRMED AS 
• JNCLASSIFIED 

DIVISION .. OF CLASSiFICATION 

BY ~ Ii~ rv!: -
DATE_.. ... I 

U. S. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

ENVIRONMENTAL RESEARCH LABORATORIES 

ROCKVILLE, MARYLAND 20852 

MAY 1972 

R5303 

PREPARED FOR THE U. S. ATOMIC ENERGY COMMISSION 

NEVADA OPERATIONS OFFICE 
UNDER CONTRACT AT(29-2) - 746 

DISTRtBUllON l}f nus aocUMENl IS UMUMlTElf j 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



NOTICE 

This report was prepared as an account of work 
sponsored by the United States Government. Nelther the 
United States nor the Unlted States Atomic Energy Com
mission, nor any of their employees, nor any of thetr 
cc:ntractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, complete
ness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its 
use would not infringe privately-owned rights. 

AvA1lnble from thP 
National Technical Information Service 

u. S 0 Department of Commerce 
Springfield, Virginia 22151 



• 

NV0-746-122 

MILROW/CANNIKIN 

SEISMIC EFFECTS 

u. s. Department of Commerce 

NATIONAL OCEANIC AND· ATMOSPHERIC ADMINISTRATION 

Environmental Research Laboratories 

Rockville, Maryland 20852 

May, 1972 

Prepared for the Uo S 0 Atomic Energy Commission 

Nevada Operations Office 

under Contract AT(29-2)-746 

f' " ' 
· .. · NOT IC E.------:-1 

i 
I· 

. . d as ~n . account of work 

This ... report. wa~ ~r:~=~e Staies Government.' Neither 

soc;>nsored by th · I· United St•tes Atomic Energy 

the, un.it~d States nor I ·~ their employees, nor any ot 

:"·' Comm1ss1on; nor any o to s or their employees, 

"' their contractors, subcontrac '-i:iplied or assumes any 

. k warranty. express or ' • 

ma es any • . 'bTt for the accuracy, com-

!, . . legal liability or respons~'' Y infor(Tlation apparatus, 

pleteness rir usi:fuhid~~3 1° a;y or rt: presents' that 11~ use 

' . roduct or. process isc ose ' . . 

'. '~ould .not infringe privately owned rights. ,, ;flSTRIB.UTION Of THIS OOCUMl'NT IS UHUMI~ 



f_ __ 

ABSTRACT. . • 

INTRODUCTION. 

CAVITY DETERIORATION. . 

CONTENTS 

EXPLOSION-STIMULATED TECTONIC ACTIVITY. 

NATURAL SEISMICITY .. 

DISCUSSION. . 

REFERENCES. . 

. . . 

Page 
1 

3 

6 

16 

22 

30 

33 



ILLUSTRATIONS 

Page 
Figure 1. Playback of ASE third level for 48 hour 

period following CANNIKIN.. . . . . . . . 7 

Figure 2. Two types of CANNIKIN seismic effects 
recorded by Amchitka stations about 
18~ hours after detonation . . . . . . . 9 

Figure 3. Incremental frequency of collapse events 
from MILROW and CANNIKIN . . . . . . 11 

Figure 4. Hourly frequency of collapse events 
after detonation • . • . . • . . . . 12 

Figure 5. 

Figure 6. 

Figure·7. 

Figure 8. 

Figure 9. 

Hourly strain release of collapse 
events after detonation. . . . 

Representative focal mechariism for 
collapse events. Projection is on 
lower hemisphere • . • . • • . . . 

MILROW/CANNIKIN stimulated tectonic 
activity •••••••.••.... 

Composite focal mechanism for tectonic 
events near the CANNIKIN cavity •... 

Composite focal mechanism for tectonic 
events near the Rifle !$.nge Fault. . 

13 

15 

18 

19 

21 

Figure 10. Amchitka seismicity 1969-1971. • . • 23 

Figure 11. Cross -section of Amchi tka seismici ty 
1969-1971. • . . • • . • . . . . . . . . 24 

Figure 12. Incremental frequency of Amchitka seis
micity within approXi1118.tely 55 km of 
MILROW grounO. zero . . . . • . . . . . . 26 

Figure 13. Cumulative strain release and cumulative 
numbers for mag;ni tude 3. 0 v1' greater 
events occ~rring withi;n about 55 km of 
MILROW ground zero . • . . . . . . . . . 27 

Figure 14. Time -space diagram of Amchitka seis-
micity for 0-70 km focal depths. . . . . 29 



I • 

ABSTRACT 

Seismic effects of the underground nuclear explo-

sions MILROW (October 1969, about 1 m~gaton) and CANNIKIN 

(November 1971, under 5 megatons) were monitored by a 

network of continuously-recording, high-frequency, high-

gain seismographs located on Amchitka and nearby islands. 

Each explosion was immediately_ followed by hundreds 

of small discrete events (mB < 4-), of a similar focal mechan-

ism and with a characteristic low-frequency signature, which 

apparently occurred as a result of the deterioration of 

the explosion cavity. This activity intensified, then 

terminated, within minutes of a large complex multiple 

event and concurrent formation of a surface subsidence 

crater, signaling complete collapse of the explosion cavity 

(MILROW, 37 hours; CANNIKIN, 38 hours). 
-

On a smaller scale, apparently unrelated to the 

collapse phenomenon, wen:; a number of explooion ·· 

stimulated tectonic events which occurred intermittently 

for several weeks following each explosion near the 

explosion cavity and up to 13 km southeast of CANNIKIN 

ground zero along the Island. These events were con-

fined to the upper crµst of the Island, had characteris

tically high-frequency si~natures, and, near the Rifle Range 
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Fault, had focal mechanisms which correlated with pre

existing faulting. The evidence points to a short-term 

interaction of the explosions with the local ambient 

tectonic stresses of the Island through explosion

generated elastic body waves or changes in fluid pore 

pressure. 

Continuous monitoring of the natural seismicity of 

the region since 1969·reveals. no other apparent evidence 

for an interaction between either MILROW or CANNIKIN and 

natural tectonic processes. The high level of natural 

seismicity in the subduction zone 20-60,.. km beneath the 

Island and the apparent low level of stress in the upper 

crust of Amchitka suggest that these zones are effectively 

seismically decoupled, 
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INTRODUCTION 

Underground nuclear explosions in the megaton range 

often demonstrate pronounced geologic and geophysical 

·effects, not all of which are clearly understood.- It is 

the purpose of this report to describe as accurately as 

possible, within the limits of the observational data, 

seismic effects of the underground nuclear explosions 

MILROW and CANNIKIN on Amchitka Island. 

MILROW, about 1 megaton, was detonated on October 

2, 1969, in order to "calibrate" the region, 1. e., to 

establish a baseline from which to predict the effects 

of larger-yield explosions. A major concern was the 

effect of. these explosions on the natural seismicity, 

since Amchi tka lies in a region of act·ive subduction of 

the spreading sea floor (Engdahl, 1971) and there existed 

the remote possibility of triggering an earthquake large 

enough to generate a tsunami. Another consideration was 

the possibility of extensive explosion-related seismic 

activity such as that following several high-yield Nevada 

explosions (Hamilton et al, 1971). 

In view of these questions the National Oceanic 

and Atmospheric Administration (NOAA) initiated in 1969, 

at the request of the Atomic Energy Commission (AEC), a 

3 



seismic study of the region, which included the instal

lation of a network of continuously-recording, high-gain, 

high-frequency seismographs on Amchitka and nearby islands. 

Wit~ this network it was hoped that by observing extremely 

low-level seismic activity in the region we could predict 

the natural patterns normally observed on a larger scale 

over a longer period of time and could also document any 

explosion-related effects. 

For MILROW this network consisted of seven land

based seismographs supplemented by ten short-term ocean

bottom systems, providing sufficient capability to 

monitor low-level seismic activity up to 50 km from 

MILROW ground zero. The test was, in effect, instrumented 

for seismic effects several times that observed from 

similar tests in Nevada. The actual effects of MILROW 

were very small, localized, and difficult to interpret. 

Nevertheless, the test served to demonstrate that 

seismic effects of the type observed in Nevada were 

not as pronounced on Amchitka and to point the way to 

a successful instrumental program for CANNIKIN. 

CANNIKIN, under 5 megatons, was detonated on 

November 6, 1971. With the benefit of MILROW and more 

than 2 years of continuous monitoring of the seismic 
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activity of the region, NOAA fielded 14 land-based 

seismographs, 11 on-Amchitka and 3 on nearby islands to 

record seismic effects from this test. The observed 

data from CANNIKIN, as will be evidenced in this report, 

have allowed the seismic effects of MILROW and CANNIKIN 

to be interpreted in a self-consistent manner. These 

effects, although lower level, were similar in character 

to explosion-related activity from Nevada tests and 

provide important new evidence about this phenomenon. 

Three main categories of seismic effects will be dis

cussed: (1) Seismic activity related to deterioration 

of the explosion cavity; (2) Tectonic activity stimu

lated in the upper crust of the Island; and (3) Effects 

on the natural seismicity of the region. 
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CAVITY DETERIORATION 

The most dramatic and immediate effect following a 

high-yield underground nuclear explosion is the high rate 

of seismic activity concurrent with the deterioration 

of the explosion cavity which appears to effectively 

terminate when complete cavity collapse occurs. The 

data from CANNIKIN provide new evidence about this phe

nomenon which, in the case of MILROW and some of the 

larger Nevada tests, has often been confused with 

explosion-related tectonic activity. 

Figure 1 shows a playback of the 48 hour period 

following CANNIKIN as recorded by an Amchitka seismo

graph, about 16 km from ground zero at a gain 36 db down 

from nominal for clarity. Time reads left to right with 

~ hour between lines and time marks at 10 second intervals 

except on the minute. Seismic activity, almost wholly 

related to deterioration of the explosion cavity or 

collapse phenomenon, is visible to less than magn1tude 

2.0. The complete collapse of the CANNIKIN cavity 

occurred as a large complex multiple event about 38 hours 

after detonation, concurrent with the formation of a 

surface subsidence crater. Seismic ~ctivity effectively 

terminated at this time except for some minor events, 
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less than magnitude 1. 0, which continued for several 

weeks thereafter in the immediate vicinity of ground zero. 

In the case of MILROW similar phenonomena related 

to cavity deterioration were observed with the collapse 

occurring about 37 hours after detonation. This repre 

sents a departure from an earlier interpretation of the 

less-re liable MILROW data (Engdahl, 1971) which he ld that 

this activity was primarily tectonic. The actual 

explosion-related tectonic events from MILROW were so 

small and so few in number that they were not clearly 

distinguishable from the natural seismicity until it 

had been established over a longer period of time. 

Seismic activity from CANNIKIN related to the cavity 

deterioration could be easily identifi ed by its charac 

teristic low-frequency signature and by tho observed 

time differences within the network. Because of this 

low-frequency character these events have been described 

as emergent, when in actuality they often have clearly 

discrete first motions. In Figure 2 is shown a typical 

"collapse" event occurring about 18~ hours after detona

tion of CANNIKIN as recorded on develocorder film. First 

and second levels of the five stations recorded on this 
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unit have an 18 db separation. A characteristic frequency 

of 2 Hz eas ily distinguishes t he collaps e event from t he 

higher-frequency t ec tonic event. 

Hundreds of collapse events follow ed MILROW and 

CANNIKIN, many large enough to be recorded on the nearby 

islands and some as far away as Adak, about 295 km from 

CANNIKIN ground zero. For statistical purposes, only 

those near magnitude 1.5 or greater for MILROW and 2.0 

or greater for CANNIKIN were completely scaled. In 

Figure 3 is shown the incremental frequ e n cy of occurrence 

of collaps e event s from MILROW and CANNIKIN 0 Except 

for higher magnitudes, t he CANNIKIN data appear to fit 

a log norma l distribution with slope -1.0. MILROW 

data are l ess clear. Figures 4 anQ 5 summarize the 

tempora l stat is t ic s , assuming total detect ion at 

magnitude 1.5 o r greater for MILROW and 2.0 or greater 

for CANNIKIN 0 Although MILROW collapse activity was 

s ignificant ly lower l e ve l than for CANNIKIN, the temporal 

descriptions are quite similar. A high rate of activity 

occurred immediat e ly after detonation, followed by more 

regular behavior until about 1 hour before the col lapse, 

when the activity increased to the point that individual 

events were not distinquishable. All this activity 

10 
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effectively terminated within minutes of the cavity 

collapse .. All these characteristics are also readily 

evident in Figure 1. 

The radiation pattern from·cANNIKIN collapses, which 

includes both upgoing and downgoing rays, suggests a 

mechanism other than simple impact of material at the 

bottom of the cavity. In Figure 6 representative first 

motions from the NOAA stations and from 6 Sandia geophones 

are plotted on the lower hemisphere of an equal-area 

stereographic projection. Focal angles were computed 

for a depth of 1. 43 km (300 m abov.e the CANNIKIN working 

po1nt) using a detailed crustal model. Very few dila

tations were observed on this network from these events. 

Assumption of a double-couple source mechanism defines 

the two planes shown, which are limiting cases. Further 

study will be necessary to determine a more realistic 

mechanism for these phenomenon. 
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EXPLOSION-STIMULATED TECTONIC ACTIVITY 

One of the most carefully studied seismic effects 

of high-yield underground nuclear explosions is earth

quake activitr stimulated in the upper crust of the test 

area. This activity generally occurs sporadically for 

several weeks following the explosion and appears to be 

largely controlled by regional geologic and tectonic 

factors. Amchitka was similar to Nevada in these 
, 

aspects with the exception that Amchitka experienced 

generally lower-level and more localized seismic activity. 

Some reasonable arguments for this difference will be 

discussed later in this report. 

Because it is short-term and localized in zones of 

little or no previous seismicity, explosion-stimulated 

tectonic activity is usually separable from natural seis-

micity and other effects. A total of 12 of these tectonic 

events were detected following MILROW, 10 within 41 days 

of detonation. For CANNIKIN 22 tectonic events were 
' 

identified, all but one occurring within 23 days of deto-

nation. Since some of these events were relatively large 

and it is unlikely that any would go undetected by the 

seismic network down to at least magnitude 2.0, it 

16 



appears that normal recurrence rates do not apply to 

explos.ion-genera ted tee tonic ac ti vi ty on Amchi tka. In 

Figure 7 are plotted all the tectonic events which could 

be reliably located using a detailed crustal model of 

the Island. Three types of events can be identified: 

post-collapse events near the explosion cavity which had 

high-frequency signatures; events near the Rifle Range 

Fault; and events which could not be correlated with any 

known faults. 

Six explosion-stimulated tectonic events occurred 

very close to the explosion cavity but below it at depths 

of 3 to 8 km. The first did not occur until more than 

7 days after detonation and was the largest observed 

(magnitude 3.5). The last occurred nearly 3 months after 

CANNIKIN 0 In Figure 8 is shown a preliminary composite 

focal mechanism for these events on the lower hemisphere 

of the focal sphere. The mechanism .is not clearly re

lated to Island tectonics~ but may reflect localized 

geologic changes produced by the explosion. A more 

precise definition of this near-cavity explosion-related 

tectonic activity wi).l be the subject of.' further· study. 

17 
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Tectonic activity occurring near the surface trace 

of the Rifle Range Fault followed both MILROW and CANNIKIN 

and seems clearly related to motion along the fault. The 

first of these events occurred about 6 hours after CANNIKIN. 

The largest was less than magnitude 3. Focal depths are 

estimated at between 1 and 2 km. Figure 9 shows a com

posite focal mechanism for these events. Right-lateral 

motion along a northeast striking fault plane is in the 

same sense as apparent historical displacements along the 

Rifle Range Fault. In 1970 and 1971, before CANNIKIN, 

only two events were detected along this fault. These 

events occurred in September and November, 1970, along 

the southwestern extension of the fault and are shown in 

Figure 7 as residual effects of MILROW. The observed 

first motions are consistent with the focal mechanism 

shown .. 

Finally, several events followed MILROW and CANNIKIN 

which were well located but not clearly related to known 

faults, possibly representing new fault creation. It is 

not clear at thio time how these scattered events can be 

interpreted in context with other effects. 

20 
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NATURAL SEISMICITY 

A large part of the NOAA program is devoted to 

monitoring extremely low-level 'Seismic activity in the 

Amchitka Island region in order to accurately describe 

the natural patterns observable on a larger scale over 

a longer period of time, and to document any effects 

from either MILROW or CANNIKIN 0 A basic principle in 

this study is to establish a uniform detection capability 

by the network at some minimum level over some well-

described volume, so as to determine as accurately as 

possible the seismicity within that volume. 

In Figures 10 and 11 are plotted in plan view and 

section the 'preliminary locations of earthquakes of mag-

nitude 3.0 or greater near Amchitka Island occurring 

during :~he three-year period 1969-1971 (events before 
0 0 

February 1970 or outside the bounds 178 E and 179.5 W 

are PDE determinations only). The interesting details 

of this seismicity will be the subject of a more exten-

sive paper now in preparation. For purposes of this 

report, however, we note the considerable number of 

low-level earthquakes occurring primarily along a zone 

20 to 60 1an beneath Amchitka Island. In fact, a circle 

of about 55 1an in radius f:rom MILROW ground zero, as 

22 
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shown, conveniently encircles most of this activity and 

also describes a volume within which the seismicity can 

be uniformly monitored. In Figure 12 is plotted the 

incremental frequency of all events detected within this 

volume for a 23-month period. The maximum likelihood 

estimate of the slope of these data is-1.0 for a total 

detection capability of magnitude 3.0 or above. From 

the plot it appears that the data fit a log normal dis-

tribution as indicated, at least to magnitude 3.0. 
' 

On the basis of this network detection capability, 

we have plotted in Figure 13 the cumulative daily strain 

release and cumulative daily number of events of magni-

tude 3.0 or above as representative of the seismicity 
/ 

within the volume monitored. It is clearly evident that 

CANNIKIN had no apparent effect on the natural seismicity 

beneath the Island, at least to this level of detection. 

Careful review of smaller P.VP.nts before a.ml after· 

CANNIKIN, some of which may have gone undetected, ahd 

the natural seismicity before and after MILROW gave no 

indication that the occurrence rate and spatial distri

b1.~tion were different from normal patterns. 

In an alternative view, the data in Figures 10 and 

11 have been plotted as a funation of time of occurrence 

25 
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and distance along the arc for focal depths of 0-70 1an. 

Again, CANNIKIN, indicated by the star, appears not to 

have interacted with the' natural seismicity beneath the 

Island. 

\ 
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DISCUSSION 

Explosion-produced seismic effects are clearly 

separable into those occurring ne·ar the explosion cavity 

and related to chimney.development and those somehow 

related to changes in the state of stress and/or 

strength of the crust nearby. The number and size of 

events related to the cavity deterioration appear to 

scale, not unexpectedly, as the yield of the device, 

subject to local geologic conditions from region to 

region. Because this represents such a localized and 

short-term phenomenon, it does not constitute a reason-

able hazard. 

A key factor i~ determining tne extent of explosion

stimulated tectonic activity appears to be the state of 
' 

stress of the crust in the test area. Directly and in-

directly it can be shown that the upper crust of Amchitka 

Island is at a relatively low level of ambient tectonic 

stress. Although Amchitka lies above one of the world's 

most active seismic zones practically no natural earth-

quake activity occurs on the Island p~oper (see Figure 11). 

Marine terrace studies (Carr et al, 1971) indicate that 

the upper crust and major faults on Amchitka have· been 
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relatively stable during recent geologic time. Finally, 

in situ studies of stress in shallow drill holes suggest 

that a relatively low level of stress exists in the 

surface rocks, even in areas near faults. 

The mechanism by which the explosion interacts with 

the ambient tectonic stress is not clearly understood, 

however. One view is that the explosion-generated 

elastic body waves interact with hetereogenieties in the 

vicinity of the explosion to produce a field of t>mall 

dislocation loops (Kisslinger and Cherry, 1970). The 

continued action of the regioral stress field on these 

dislocations then produces tectonic activity, the extent 

depending on the level of regional stress. Another view 

has it that changes in fluid pore pressure result in 

changes in strength of the surrounding rock which sub-

sequently fail under the action of the regional stress 

field (Healy et al, 1970). In general, hypo centers f01' 

the tectonic events are located where changes in fluid 

pore pressure would be expected to have the greatest 

effect. An independent line of reasoning suggests the 

possibility of large nearby natural earthquakes triggering 

tectonic activity on Island faults. Since 1969 there 

has.been no earthquake large enough or close enough to 

test this hypothesis. 
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The high level of natural seismicity 20-60 lan 

beneath the Island and the apparent low level of stress 

in the rocks of Amchitka suggest that these zones are 

effe.ctively seismically decoupled. Although it is yet 

to be proven that explosions prodqce anything but 

localized effects, the seismic decoupling of Amchitka 

from the zone of subduction below, which is well sup

ported by observational data, is one of the most important 

considerations in evaluating the potential for the 

triggering of a major earthquake. 
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