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e urr t isc l y r, 1 9, ha se con i u d r -

tion of e easter shingto eismic network wi W Ch 

year are stlll rating, and o major develo nts in array 

confi ra 1on, data handling or processing were taken. A great 

deal of preparation has taken place for a maJor network expan-

sion. sides the routine processing of eastern Washington se-

ism1c data we have reanalyzed the data and produced a uniform 

catalog or the years 1969-1974. We have also taken delivery on 

a new computer and have been developing software for it. We ran 

a rather unsuccessful downhole e eriment and have purchased and 

built the addi anal equipment needed for a successtul one. We 

have also installed and are obtaining data from a broadband 

three-c nent network of stations for studying average crustal 

structure and attenuation properties. have completed a re-

fraction tudy of e north Case de mountains and e rea 

east. D tails of t se projects re covered in later sections of

this rep rt. 

r h v b ntic 

i f r h e n t r 

ern c L t c lt lon t t r 

n c d i i pr e r-

r n in r t r 1re y c n 
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r o e rece r 

r o e 1t s. loc lly cord 

t t nd on on line for telemetry 

o

-1 s t t n e st r n 

a sol

ceiv 

triangles. 

d1t1on su 

r r 

ring th past several months we hav re-

r r s1x ore stations in the south cen-

tra1 C s de 

rmal res arch 

se stations ill be used for a special geoth-

oject supported by the U.S. Geological survey. 

hop to have these stations installed before the winter bad 

weather c oses e high ountry. The three most easterly or 

these 1x stations re own as dashed triangles in fi re I-1. 

These tations s well s the ve just installed must await the 

oftware ror 

at ti l 

ecord n 

e onlin computer before they can be recorded. At 

tation n Wa ington Wlll be Simultaneously 

the same d u • This includes the 21 stations n 

th st rn hin to et, e 3 stations of the eastern Wash-

in the 6 new east Ca a es stations, th 6 south rn C s-

cad 

to al 

yst 

t t . 

ex 

66 

station 

nline 

re t y 

r 

11 s 

v d 

t 

New r station, for a 

init ation or is recor n 

qu it for th 

y 

w 1 b c 

d ru 

of

v 

nt r 
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i e yst of th 

re r on n this report r sul o:t: ra writt d 

un p /70 t r. In ct is report s 

rit t ed ted, n tt n i ac in a us r t . 
r b ty th c t w re be inn in t 

de ver po r ul rou in s for the naly is of s i 

Field ration o 

igital event recorders over e past year ve provided several 

dozen high ality recordings of local earthquakes in the Cascade 

region nd in the Columbia River basalt. Analysis or ese 

records prov1des some new opportunities for understanding of both 

sourc ffects and wave propagation effects. 

first ta ich is currently underway, involves the 

ev nt of wave polarization filt rs to assist in separation 

and de t1fic tion of different classes of waveforms present on 

e se r , particu arly in the int rval between the P and S 

arrivals. adit1onally tnis has been accomplished by s1mp e 

rotat on f coordinat s to radial and transverse. SH waves re 

ld nt1fied on e tr ns r c ponent, and p and v re 

er ep r t on d al ponent by c ring it wi 

ves re " nd away" in polariz ti re 

p c r " nd t "

our ) r v y n. 

n b u u f fir t cut at n-

nd e r u 1n it 1 
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1 t 1 t y. d t 

av l ble i d ita it is sible is S1 

t o ysi ill enab us ddr ss the n tur d ext t 

f 1 wa e i n. t is i t re ve op n 

e r r tin s do parati on e d t n nd. 

t l

have been p osed in e st. Generally y make use o1 a 

equency decompos1t1on o! s1 al llowed by some type of

least square fitting of horizontal and vertical compone ts. 

A lie on of these methods has generally been limited to low 

frequency (less than 1 hz) body waves. The two areas of researcn 

responsible for this devel ent have been teleseismic body wave 

work in connection with the nuclear test discrimination problem, 

and earth ake prediction. 

Since most els of stress de ndent seismic velocities

depend on dilatancy or some other crack related phenomena, they 

also predict an anisotr ic ef ct. For is reason, we believe 

it is important to clarify the b s1c structural an1sotropy that 

ears to exist in layered volcan1c rocks sucn as those of the

Columbi asin. i i oder te1y difTicul t t k, but it 1 

ess n a to v thi i f rm t1on in h d b fore the poss1b lit 

of o v t For i r 

t r z t f r ill c nc trat 

- H 

Our o t lit r tur i fi l i dl 



u of w rt 1 p 5 

b filt r r t 1 ll ri t r 

se r on I i - - f-p on r lal d 

er c l c nts. T vi u ppli tion f this proc 

i par ti ve yl h 

a sv i proc s ' e rr d to as "r t 

in r r n " do no r y ro i te r 

r 

is necessary to define a ti e indow r the pulse be re the 

ana ys1s is done. is may be ap iate r teleseismic work, 

where e equency content is quite pr ictable, but it does not 

appear that it will work well for local earthquake data where 

there are a variety of frequencies present, and the seismic 

phases may be separated by only a very small time interval. One 

of the challenges is to develop a technique that can separate SV 

and SH \v n e time interval be een them is only a fraction of

their predominant period. Any signal decomposition technique 

des1gne to ace li this will of necessity be non-linear. 

ther i portant application of 3-component digital seismic 

data is in the comparison of recorded data from exp1os1ons nd 

earthqu k witn eoretically ca culated otion (syn etic 

se1 ) . e tee ic l c b lity to c l Ul te round 

tion fr r qu s in r tly durin th st 

e r ye r r r uc 

ti n r i r r 

r r r n e cru tr 

tur t r n. 
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1 t s op r ti n of sei tw 

is i 1 tion of rt nd some sur I 

eir n r re se. 11 th s infor atio 

di l i y cr s t n lots n 

r t t i r t 

ter retat on of such data s 1 ited by ability of an b-

server to ass1milate the information and synt size it into 

geologic m el. In the case of an a ershock se ence a er a 

large earthqu e, the three dimensional distribution otten leads 

to a p1cture or the buried fault plane responsible for the main 

shock. This is a particularlrly s1 le example where the t1me 

dependence, and the energy release are not critical for under-

standing the process. In other Situations there may be a rela-

tionsnip between earthqua s in one rt ot a region with OS 

in another. Physically this a es sense, s1nce each earthquake 

represents readjus ent in e stress field, it is reasonabl 

to expect that ey ill be interrel ted. To properly evaluat 

this type of nteraction, e ti -space-ener y nction t b 

di y d nner that will assist i tne interpretation. 

o t comput r raphi s to i probl i just n t 

in ncy. 

r p r r av xperi t d t 

s 

f u d i r' 

th u ter r for -D vi in , 0 
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p r i 

d n' u i 

1 h e i r te 

r t ef rt i r 

v d 

be a lied on a mor routine asis. 

e l p 

ei ic e 

n r 

r l 

have 

p 

vi 

views t 

r y r 

7 

ovi 

1 a e. 

x r -

r uc n 

en adapting some 

of e pro grams developed here as well as some devel d e1se-

where. Nota e amon the programs obtained outside the Universi-

ty has been e 3-D graphics ckage developed by Bishop and 

Foote at Battelle N. W. La ratories. basic Fortran programs 

for stereo projections including the ef cts of perspective have 

been converted and installed on our DEC 11/70 system. Work on 

obtaining nd installing the various data bases for mapp1ng is 

not yet c lete. 

Un rtunately we have made little pro-

gress with our propo ed do o e project. ran a rather unsuc-

cessful preliminary experiment in Febu ry and M rch or thi y r 

A single c nent old-style d 1 s ismom r was installed 

in DC- al wi five r i t l d ur c instr 

wi in ver kil ter o e 1 ere ere nume ou 

pro t r bly c t 

qu t r w re ob-

1 r t r r o ti 

w r t r to n . r r 

no n r r r re iv y rt per o f t m 
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n y t o F X r -n f

men tt n q r th v r tio 

se i ev 1 t de e surf ce. 

noise on or ne r the sur in round i un 

I prob b y 1 db i r a rby ittes on b 

sue as G 1 nt i nd r s c s 

des1gn1ng future exp riments. 

ve recently put in quite a bit of effort trying to find 

deepnole seismometers which are commercially available and not 

pronibitlvley expensive. In April we determined that a three-

component downhole instrument made by Geospace is the only in-

strument that comes close to meeting our requirements. Since 

this item was not in our ori ina1 budget there was some delay in 

obtain ng approval for its pure ase. The lead time on sucn an 

item is no up to 21 eeks. We have ordered a deephole set and a 

sha 1owhole set for c r tive purposes. Thes units are su-

posed to be shipped by the end of July and we hope to star 

another experiment later in the summer. 

The r a1nder of tni rep rt d1vided into everal ec-

tions eal v ri u r r t c ic r comp et d or 

t an Ch I 1 t i 

f in t r 

c r n 

y v r urr tu 

r v i t d r u r t t r 
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d f tr ur t n tion 

l i ar n th t. 

f e d b 

1 pri ry t 

p i r h 

c f c 
p 

velocity structure o! t e Cascade mountains. The complete cata-

log of relocated events om U.S. Geological Survey eastern 

shington networ is nclud d as an appendix to is report. 

re are also four large mapps that are i eluded at this 

t1me s1nce they summariz the seismicity of the last ten years. 

Figure I-2 shows e better located earthquakes during the period 

1969 - 1974, that period during which the U. S. Geol ical Survey 

operated the ne ork nd which e appendix covers as a catalo . 
st of e events on i ap occur in the central plateau since 

at is where most or th U.S.G.S. stations were located. (See 

fi re -1 Of the pendix.) ext catalogs of the U.S.G. 

and the u. of W re comb n i res I-3, I-4, an -5. 

Each of e i a different election of events from the com-

bined talo . Fi ure I-3 11 very well loc ted e rt u e 

r pl tt d re r to r size or d pt . A strict 

n r r tr 

n r t 

i r rt 1 ns t

F ur -4 r i b t f t e 

t but o y i ud v nt WhlC re 1 s n 6 in 
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s c r ith v r 1 c s i i tu 

ch 

r 

months. Having a camp ete and uni rm catalog from e sprin of 

1969 to the present as allowed us to 1 at some statistical 

patterns over is dec se studies are s cifically rel t-

ed to e temporal distribution of various classes of events and 

the size distribution of these same classes as revealed in re-

currence curves. First we deal with the seismicity pattern of 

the past year, which has been mostly rather ordinary. Figure 

III-1 shows the epicenters for 

major areas of activity are 

e st twelve months. The two 

tains and the 

qu es which 

e norh fla of the Saddle 

lan-Entiat area. There have only been 43 ear 

11 into e deeper than 6 lass and of 

n 

e e 

all but 8 were in the area around L Chelan. There have been 

no ten e i i r t t e spring of la t y ar. re av 

been a events in 

i continu s o b 

fie nt c ivi y. 

r 

r. r 

197 u t h 

e gener 1 Ellensburg region indicating 

o ly ar a of 

r 

w r 

i f D 

e Casca e 

b 

n 

ith any 

two 

r 

q 



u f r 

1 r i 

1. r r 

ctiv r 1 t un il pr 

s re n 

ov r r 11 

s e nt re 

is sequenc were erately e , (4- ) e focal s er is 

irly well s d. solution s not much dif rent than 

some e sou La Chel n re . 

s was reported in last quarter's 

technical report there was a lt earthquake near Walla lla on 

April 8 , 1979. have reanalyz all available data for this 

event and de rmine its epicenter to be at 45 59.7 north 118 .8 

west and its depth to be 4.7 The error on e epicentral 

coordinates is 1.2 km and on the depth coordinate, 1.4 km. 

unusual ct about is earthqu e is its total lack of associat-

ed activity. re were a y no re ocks or af rshoc s 

ich could be de cted at e e rest sta tion, com t-

ed rna nitude is event is . 15 ±·2 st events of is 

size have nurner f r c t ct bl on a nearby sensiti e 

sei r 

n r r b b ut 

r r t io 

te t v o

rp i r i r nt t 
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r 1 r r. ti 1 t 

on n r inc w h d to 

n t alt rn t v i t rpr t 

s s s ines. v locit u t c c 
1 
lin y on t .1 

e nd ncr t .0 e of p 

o

uch at e rays leavi g the cus rizontally reach the r-

ce at distance of 48 is was necessary to obtain ny 

sort of consistent plot. rna i urn princi stress direction 

this solution is much more near y east-west than all other 

solutions obtained in the plateau. cause of the importance of 

earthquakes in this region we pe to establi a locally record-

ing station near lla Walla soon. 

With the reanalysis of e 

U.S.G.S. da we now have a uni rm catalo i ich to examine 

te oral statistics of e earthquake activity in eastern 

Washington. compl te catal now goes from il 1969 to 

June 1979 and contains 25 events of ich 345 are own r 

su e ted bl s s and 2242 ar ear uakes. Some of se events 

11 outsid ound r eastern shin 0 t 

re t 11 n c t lo . er are 113 oft ese av-

n 212 f t oject. I 

t i cl d ta fr t 

r b 

r r 

t r r y r . It 1 
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r n t y h n 

n v r r d 

r q s v n vi d to dif ren c t r 

r 0 t if r t ch r of 

0 di t r e r u t 

activi y in i very little swarming is observed. In contr st 

to is area he e central Pasco basin and 

e Saddle Mountains area show a very marked swarming charac-

teristic. The deep events appe r ow little swarming tenden-

cy, much like the lan area seismicity. 

To study the swarm characteristics, events in a 1.4 degree 

of latitude by 1.6 d ree of longitude were selected. se 

events are plotted in figure III-3 Only the best located 

events are otted in is fi re, those with an rms less than 

0.2 and esti ted epic ntral error less than 2.0 The very 

obvious paci 1 clustering of ese events is evident in is 

figure. have rather rb trarily drawn bo ndari s around t 

we c 11 ndividu 1 "swarm re s". se subregions are lab 

wi 1 tt r e i t r for identi i t e i divi u 1 

ar a • n dr ri w ttempt to include only 

r rt 

-1 t rt iv 

r r t z ' d u 

v 
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III- r er rm r d p v n 

( i r 0 ) nd 11 t o ot 11 int on 

of e b v r es. All vents d n t i de z r r 

lu d r v t r r i u ther i 

ot over th ich it occurr . ere 

wi i one of th irteen select d swarm are s, 300 are shall 

but not in a swarm rea and 2 are deeper an 6 km and thus re 

lumped toge er n eir own category. 

Note in fi re III-6 at indeed the events la led "not in 

swarms" and "deep events" display very little temporal cluster-

ing. For the deep events there ap ars to be a weak cluster in 

the spring of '71 and e summer of '75. e '71 bunch are not 

much spacially associated ough e '75 group are made up of a 

large felt ear in the Horse Heaven Hills and its after 

shocks. events ich are allow and fall outside selected 

swarm areas ow almost no clusterin . us over three quarters 

e last 10 years in th s of the shallow ear qu es occurrin in 

area c ur in on y 5 rcent of the area. 
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sou 

lso e 
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y t 
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u 0 
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r pa 

r r 

" w ic i 1 t on 

e e r q k 

n 

as spikes stic ing ugh the b c grou d level and in some ases 

neighboring s rms were active near same time adding eir 

e ct toge er in s plot. e solid lines represent the 

number of swarm events per year and is just the sum of the i s 

below it in each year. Notice that th 1970 and 1972 had more 

than 200 swarm events ile 1 6 had er than 20 total. At the 

top of this same figure a similar plot is made r the earth-

quakes in the Lake Chelan area. Note that the number of events 

located b ore 1975 is far f er than after illustratin the 

change in array con i ration ich place in the summer of 

'75. There are no si ificant spi s representin clust rs in 

ese d ta ou there apears o b a very broad hump in ac ivi-

ty centered around '77-'78. 
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very intens sw it is ssible r a warms to stron ly 

e ect i ype of nalysis. plan fur er study on is sub-

ject becaus of e obvious implications of an annual cycle on 

the source art ua s. investigate this problem, as 

well as the ore general problem of the cause of the shallow 

earthquake , we propose to develop a quantitative statistic l 

el for the swarms. In this way the swarms can be considered 

events w s individual ear qu kes are not independent. 

would roduce a plot such s hown in fi re III-8 for clus-

rs o ven s ra er an ind vi a ones. 

Us in the same catal s 

bove w th rel tion ip of 1 to 1 r r r 

a es n s vera c s t dar of p r a chi g t 

probl to us r s ti c led b-v lu t 

di s. I i rt to d 

r p 

h p i t 
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1 b 
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b-v l or 1 • 0 ' 

tud nd 1 0 ti s r t de 1 events. us e b-value r 

slope f 

small 

observed 

e recurr nee urve is a measure of e ratio of the 

a es to large vents. Traditionally it has en 

at ectonic eart a es on major plate boundaries such 

as those fou d in Cali rnia or western Wa ington ve b-values 

around .7 t .8. Earthquake sequences on volcanoes or swarm 

events h ve b-values larger than 1.0. There may be some rela-

tionship be en the degre of homogeneity of the medium or 

stre s field and the b-value r earthquakes. 

Si ce there are easil 

e stern ashin ton it i a r 

separ ble classes of event i 

to dete ine the b-values for 

ese di ere t cl s s. In 

relatio or r cla f 
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LOCATED SHALLOW EARTHQUAKES 1969 - 1979 
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hi 
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r re, 
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rson 
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rn shi is 

m 2. (log10 C) .46 where m = length magni 

C = coda length (in seconds) 

For coda lengths as defined for magnitude rmination in ea rn 

Washington. the coda (C) is the time interval, in seconds, from the initial 

P wave arrival until amplitude returns to twice the noise level 

observed prior to the initial P wave arrival. In western Washington the 

length la is same· however, the length of the coda is defined as 

extendi from the initial P arrival until the trace litude is the same 

as the bac round lit prior to the P wave arrival. What this means 

is that same of a event, the coda length used for 
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