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SEISMXCITY INVESTIGATIONS I N  THE CASCADE MOUNTAXNS 
VICINXTY, OREGON 

H. Richard Blank, Jr. and Morris M, Brown 

INTRODUCTION 

This report  concerns work performed by personnel of t he  Center 

f o r  Volcanology, University of Oregon, under the  terms of MASA/MSC 

Contract NAS 9-9690 during the period 1 May 1969 - 30 April 1970. 

work w a s  directed towards a study of seismicity i n  the Cascade 

Mountains and v ic in i ty ,  Oregon, a Cenozoic volcanic region of diverse 

s t ruc tu ra l  and l i tho logic  aspects which o f fe r s  an array of terrestrial 

analogs to  lunar and planetary volcanic te r ra ins .  

the work reported here, a complementary program of seismic f i e l d  

s tudies  i n  Oregon was  undertaken by personnel of Lockheed Electronics 

Company under the terms of a separate NASA/NSC Contract; a report  of 

tha t  work has been prepared by Westhusing (19701, and is germane t o  

the  discussion which follow. 

The 

Concurrently with 

Specific object ives  of t he  University of Oregon program included 

1) i n s t a l l a t ion  and operation of a seismic s t a t i o n  a t  the  su i tab le  site 

on Pine Mountain i n  central  Oregon (in conjunction with Lockheed); 

2) design and fabricat ion of an "ultra-portable" (back-pack capabili ty) 

seismic system for t he  detection of micro-earthquakes; 3) determination 

of absolute and relative seismicities of major Cascades volcanoes by 

means of reconnaissance micro-earthquake surveys; and 4) comparison 

of seismicity levels i n  the IUgh Cascades with seismicity levels i n  
. .  
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adjacent volcanic provinces. 

been achieved i n  f u l l .  

as w i l l  be seen, but owing t o  delays i n  equipment procurement, which 

resulted i n  a shorter  than ant ic ipated 1969 f i e l d  seasonp and the 

generally very low seismicity levels encountered, which require 

long-term monitoring f o r  s t a t i s t i c a l l y  va l id  samples, it w i l l  be 

The f i r s t  two of these objectives have 

The latter two have been p a r t i a l l y  achieved, 

necessary t o  extend and reinforce the  seismicity da ta  obtained t o  date. 

This work w i l l  be great ly  enhanced by the application of remote data  

transmission using the RF data l i n k  which is  an in tegra l  pa r t  of the 

ultra-portable system. 

Progress has been made i n  the review and tabulation of data  from 

the  s t a t ion  at Pine Mountain, although t o  date  only the visual 

recorder recorda of a short-period (I-&) v e r t i c a l  seismometer have 

been canvassed. 

w a s  not possible during the contract  period due t o  delay i n  delivery 

of a magnetic tape playback system and reader-printer f o r  t he  microfilm 

records. 

Detailed study of a l l  components fo r  spec i f ic  events 

Studies beyond those specif ied i n  the o r ig ina l  contract  have been 

carr ied out at Crater Lake wfth the  operation of a t r i p a r t i t e  seismic 

array and a tilt meter system during f a l l  and winter 1969-70. 

Seismicity s tudies  i n  volcanic te r ra ins .  With the  development of 

high-gain portable seismographs many invest igators  have turned t o  the  

study o f  micro-earthquakes i n  re la t ion  t o  spec i f i c  geologic s t ruc tures  

and tectonic environments. Pioneering work in the  application of 



micro-earthquake studies to volcanic problems was done at Asama in 

Japan by Asada (1957) and Minakami (1960), who used time-and space 

distributions of micro-earthquakes in the prediction of volcanic 

eruptions. 

Matsushiro earthquake swarms. 

Ward (1967) in the Katmai region demonstrated for the 

first time that micro-earthquakes could be used for the detection of 

subsurface magma reservoirs in andesitic terrains, although Baton 

(1962) and others have long used earthquake distribution to trace the 

subterrarean mvement of highly fluid basaltic magma in Hawaii. Some 

investigations of aftershock sequences, such as those of Page (1968) 

in Alaska and Eaton (1967) in California, shed additional light on 

micro-earthquake source mechanisms, whfle the report of Oliver and 

others (1966) on micro-earthquakes in Nevada affords comparison with 

seismicity over wide areas in a single geologic province. 

many studies have been made on local seismicities of the mid-oceanic 

ridge system (e.g. hacks, Oliver and Sykes 1368). 

to terrestrial volcanic problems is the work of Ward and others (1969) 

on the mid-Atlantic ridge in Iceland, where the high local seismicity 

is at least partly attributable to geothermal activity. 

Hamada (1966) used similar techniques in a study of the 

In Alaska the work of Matumoto and 

By now 

Of direct importance 

The first study of micro-earthquakes associated with volcanoes 

in the Pacific Northwest was that of Unger (1969) and Unger and Decker 

(1969) on Mt. Rainier, 

detected, and it was shown, through use of an array sufficient for 

An average of 11 local events per day was 
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accurate determination of hypocenters, tha t  the bulk of these events 

is  probably related t o  an i s o s t a t i c  adjustment of the  volcanic massif 

under its own weight, while a re la t ive ly  minor residuum of about 8% 

of the events may be re la ted  t o  magma movement a t  a depth of 0.2 t o  

20 km. d i r ec t ly  beneath the summit of the  volcano. 

is  continuing, and i n  addition, Decker and Harlow (1970) have completed 

a brief reconnaissance survey of seismici t ies  of major volcanoes 

throughout the Cascades i n  Washington, Oregon, and California. 

s tudies  of seismicity at  M t .  S t .  Eelens and M t .  Lassen are a l so  i n  

progress (Unger, 1970, o r a l  communication). 

Previous seismicity s tudies  i n  Oregon. 

The Rainier study 

Array 

Except fo r  the recent 

work by Decker and Harlow (op. c i t . ) ,  which included surveys of 

6 Oregon vulcanoes, previous seismic investigations i n  Oregon have 

been concerned with analysis of spec i f ic  events and aftershock 

sequences. 

teleseismic data  then available indicated a gross decrease of mantle 

velocity passing from east t o  w e s t  across the  Oregon Cascades, but 

h2s data was insuf f ic ien t  t o  provide d e t a i l s  of Fppropriare velocity 

models, 

current by - Berg and Baker (1963). The Portland Earthquake of Nay 13, 1968 

(magnitude 3.7 on the Richter scale), was studied by Couch and others  

(19681, and the Warner Valley (southeastern Oregon) 1968 earthquake and 

aftershock sequence, by Couch and Johnson (1968), A th i rd  region of 

r e l a t ive ly  high seismicity -- i n  addition t o  the southeastern Oregon 

Dehlinger and others  (1965) showed that analysis o f  a l l  

Smith's (1919) catalogue of Oregon earthquakes was made 
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and Portland areas -- is  present off the Oregon coast and has been 

reported on by Couch and Pietrafesa (1968). 

relation of seismicity i n  Oregon to volcanoes and volcanic terrains, 

however, began with the program of investigation reported here. 

The study of the specific 
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PIHE MOUWEAIN SEISMIC STATION 

The Pine Mountain seismic s t a t ion  was  i n s t a l l ed  and operated during 

summer 2969 by personnel of Lockheed Electronics Company with the  

assistance of personnel from the Center for  Volcanology, under the  

general d i rec t ion  of J. K. Westhusing. The s t a t ion  currently consis ts  

of a 3-component long-period (15 see.) LT-304 seismometer and 4 short- 

period (1 sec.) Geotech 18300 seismoneters--2 vertical and 2 horizontal-- 

housed i n  insulated tank vaul ts  and connected t o  the  NASA/MSC 11-ton 

Field Geophysical Van which contains f a c i l i t i e s  fo r  cal ibrat ion,  timing, 

f i l t e r i n g ,  e tcetera ,  and da ta  storage (35 mm fi lm, visual recorder, and 

magnetic tape). The site is located on Deschutes National Forest Lands 

(Fort Rock Ranger Di s t r i c t )  about one-fourth m i l e  w e s t  of the  Astronomical 

Observatory of the University of Oregon near the  summit of Pine Mountain, 

about 9 m i l e s  south of Millican, a hamlet some 26 miles southeast of 

Bend on U. S. Highway 20. 

constructed Pac i f ic  Northwest B e l l  Telephone Company microwave relay 

s t a t ion  l inking Bend to Glass Butte, and can normally be reached i n  

about 20-30' by gravel-surfaced road from Millican. Power is provided 

at: the  site by t he  Central Electric Cooperative of Redmond; water must 

be hauled from the  nearby Observatory. The coordinates of the s t a t ion  

are 43' 48' north l a t i t ude  and 220' 56' w e s t  longitude, and the  

approximate elevation is 6320+10' (see f igures  1,2). 

It is immediately adjacent t o  a recently 

Technical par t icu lars  of the  s ta t ion ,  as well as an account of 

i t s  i n s t a l l a t i o n  and summer operation and maintenance, are contained 

i n  the  report  by Westhusing (op. cit.).  
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Winter operation and maintenance. Operation and maintenance of t he  

s t a t ion  becme-the responsibi l i ty  of the Center fo r  Volcanology a f t e r  

about mid-September 1969, when winterization was completed and the  resident 

custodian/technician for  the Pine Mountain Observatory, Martin McCoy, 

had completed a supervised t ra ining period. 

tenance are recounted by Westhusing (op. ci t . ) ,  These were generally 

Various problems of main- 

surmounted, with minimal down time, by McCoy in telephone consultation 

with Westhusing and the Center for  Volcanology, and did not require 

d i rec t  assistance.  

During the winter months the  Millican road is frequently inaccessible 

by auto owing t o  heavy snowfall and subsequent d r i f t  accumulation; t h i s  

inconvenience has the pos i t ive  e f f ec t  of eliminating t r a f f i c  noise. 

However, winter s t o m s  may a lso  temporarily l i m i t  e f fec t ive  magnification 

of the  seismic systems by increasing background noise from wind. 

Assessment of environment. The Pine Mountain si te is s t ra teg ica l ly  

located almost exactly i n  the  geographical center  of the  state of Oregon 

(figure 3) ,  and provides, i n  conjunction with other  seismic observatories 

i n  Oregon, an excellent means of studying Cascades crustal s t ruc ture  

through analysis  of regional earthquakes, It is o f f se t  somewhat t o  

t h e  east of the  Cascade Range, which of fers  fur ther  advantages as a 

col lect ion point for seismic data  telemetered from the  upper slopes of 

High Cascades volcanoes; a l l  of the  major Cascades volcanoes i n  Oregon 

except Diamond Peak are v i s ib l e  from Pine Nountain, and a telemetry 

data l i n k  already exists between Pine Mountain and Eugene. Moreover, 
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i n  terms of achievable magnifications the s t a t ion  as presently configured 

is probably superior t o  any i n  Oregon save the ESSA array a t  Blue 

&Iountain. 

l o g i s t i c a l  support, including electrical power and the  ava i l ab i l i t y  of 

a year-round custodian/technician, and it is conceivable tha t  t h i s  

s i tua t ion  could be duplicated elsewhere i n  the  v ic in i ty ,  but t he  great  

geographical advantage of the  presen!: s i te should not: be l i gh t ly  abandoned. 

The spec i f ic  site was selected on the bas i s  of convenience t o  

According t o  the  reconnaissance mapping of Walker and others  

(19671, Pine Mountain consis ts  of a s i l i c ic  plug-dome of probably Pliocene 

Age; immediately t o  t he  west of the  seismic s t a t ion  the si l icic rock is  

apparently cut by a th ick  ( 5 0 ’ * ? )  dike of vesicular basal t  t h a t  forms 

the  crest of the rgdge f o r  at  least half a m i l e  i n  a northwesterly 

direction. 

the  Brothers f a u l t  zone, a broad and nebulously-defined west-northwest 

trending shear zone extending between Bend and the  Harney Basin, and 

probably w e l l  beyond these limits-perhaps one of the  fundamental 

tectonic features  of Oregon (Walker, 1968, ora l  communication). The 

exact r e l a t ion  between basal t  and s i l i c i c  rock has not been detai led.  

A thick sequence of basa l t i c  lavas comprises the bedrock of lowlands 

surrounding the mountain. 

Nigh Lava Plateaus province, while the region to  the  south belongs t o  

the  Basfn-Range province. 

micro-earthquake a c t i v i t y  a t  Pine Mountain and its immediate envProns 

(see subsequent sections),  t h i s  par t  of Oregon appears t o  be tectonical ly  

inact ive a t  the  present time, 

The plug-dome is one of several  such masses s i tua ted  in  

To the  north of the Brothers zone is the  

As evidenced by the  nearly t o t a l  l ack  of 
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Data tabulation and analysis.  A summary of monthly frequency of 

events recorded on the  short-period (1-sec.) v e r t i c a l  geophone monitored 

by ghe visual recorder at  Pine Mountain is presented i n  tab le  1, as a 

function of amplitude. "Down-time" given here r e fe r s  only t o  loss of 

fielieorder record and not necessarily t o  the  entire system. 

events tabulated, probably fewer than 1% represent "local" earthquakes-- 

tha t  is, epicentral  distances less than, say, 20 km. from t he  s ta t ion ,  

Of a l l  

and the remainder represent bath regional and telescopic events i n  

sub-equal proportions, 

Phase ident i f ica t ions ,  arrival times, amplitudes, f i r s t  motions, 

and other  d e t a i l s  annotated from the dai ly  records may be obtained by 

reference to  Appendix A. 

made, f o r  the reasons previously indicated, 

No analysis  of these da ta  has as ye t  been 
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ULTRA-PORTABLE SEISMIC SYSTEM 

Design and fabr ica t ion  of an ultra-portable seismic system 

proceeded along lines suggested through consultations with seismologists 

at  the  Natural Center fo r  Earthquake Research (U. S. Geological Survey), 

Dartmouth University, and Lamont-Doherty Geological Observatory, as w e l l  

as with various component manufacturers. The primary objective was  t o  

achieve a high degree of por tab i l i ty ,  say, back-pack capabi l i ty ,  i n  a 

simple and r e l i a b l e  system with high gains (10 and more) and tuned t o  

frequencies associated with micro-earthquakes (above about 0.5 Ez), 80 

t ha t  it could be used fo r  reconnaissance loca l  seismicity surveys i n  a 

variety of volcanic te r ra ins .  

6 

In  addition, it was  desired t o  Incorporate 

i n  the  system a telemetry capabi l i ty ,  fo r  long-term use a t  a s ingle  

unattended sire. 

These considerations led t o  development of the bimodal system 

i l l u s t r a t e d  by the  block diagram of f igure  4A. The output from a 

single-axis (ver t ica l )  seismic input transducer or geophone (Mark 

Products L-4C, 5500 Sa Coil tuned t o  1-Uz) with a nearly f l a t  bandpass 

up t o  100 Hz. is fed i n t o  a high gain, low power dra in  pre-amplifier- 

amplif ier  which can be coupled t o  a voltage-controlled o s c i l l a t o r  

.(pre-amp/amp/VCO are uni t ized as Develco 6202-1). When operating i n  

the  on-site mode, the amplifier output is applied d i r ec t ly  through an 

in-house fabricated current pen dr ive  amplifier t o  an 8" diameter, 

variable-speed smoked-paper drum recorder (Sprengnether R-6034 Special) 

Real time is obtained byrapplying the  output of a WWVB receiver (Develco 

3202 A) t o  the  current amplifier,  so tha t  the  t i m e  code is  continuously 



. .+J 

. .. 

I 

GIiOUND 14OTIOh' IYTAGKWCCATXON 
db setting g&A . 

rn 3%000 
54 76,000 * 

43 1 5  2,000 
42 =04,000 
36 608,0# 
30 1,216,000 

I 
I 
I 
I 
I 

i '  
I 
i 

I 



superimposed on the seismic trace at low amplitude. 

system can be operated over periods up to 60 hours using a single sheet 

of smoked paper and two 12-V batteries, one wet and one dry, in a 212 V.D.C. 

power system (115 V.A.C. for the drum motor is supplied from a unijunction- 

controlled inverter driven by the wet storage battery). 

ground motion magnification from transducer to paper recorder is 1.0 x 10 , 
although in practice, the useful gain of the system is invariably limited 

by background noise. Relative frequency response of the system is 

shown in figure 4B: 

In this mode, the 

The possible 
7 

the maximum response occurs at about 13 Hz. 

In the telemetry mode, the pre-amp/amplifier voltage is coupled 

with the VCO output to provide an audio signal frequency modulated by 

the seismic signal. 

RF signal which is transmitted line-of-sight to the collection point. 

The transmitter (Develco 3501) operates at an output level up to 0.5 

watt and at a VHF frequency (recently licensed by the Federal Communications 

Commission) of 173.30 megahe&. A VEZF receiver (Develco 3401) and 

discriminator (Develco 6203) process the signal for insertion into 

the recording unit described previously. 

by MCER personnel (Menlo Park, Calif.) indicate reliable transmission at 

0.1-watt output levels for distances of more than 50 miles; it is 

anticipated that periods of unattended operation of up to six months will 

be feasible at most High Cascades sites using this system and a collection 

point at Pine Mountain. 

been installed near the seismic station on Pine Mountain for this purpose 

(see figure 2). 

This output is then used t o  frequency-modulate an 

Field tests of these units 

A 30' yagi-type VHF antenna (TACO Y 103-L) has 
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Operating instruct ions,  manufacturer's specif icat ions and c i r cu i t ry ,  

and o ther  technical data  for  t he  ultra-portable system are contained i n  

Appendix B. 

Field Operations. By late summer 1969, when fabricat ion and assembly 

of the ultra-portable system was completed, f i e l d  tests and shake-downs 

of t h e  system could be carr ied out and the program of reconnaissance 

seismicity s tudies  begun. 

required preliminary access investigations i n  consultation with various 

land-controlling agencies and individuals,  followed by spec i f ic  site 

selection--all i n  advance of ac tua l  i n s t a l l a t ion  of gear. Optimum sites 

are those with minimal background noise and reasonable access ib i l i ty  and 

proximity t o  the  cent ra l  t a rge t  (within a few kilometers of the  volcano, 

preferably on the  massif i t s e l f ) .  

The monitoring of High Cascades sites generally 

S i t e  noise conditions are a function of tree cover, ground materials, 

proximity t o  roads and trails ,  proximity to streams and lakes,  and 

general exposure to  wfnd. 

usually obtained by placing the  seismometer d i r ec t ly  upon bedrock, i f  

available,  without burial .  

B e s t  r e su l t s  i n  wind-protected areas were 

The drum speeds at  road-accessible locations were usually set for a 

dai ly  change, since slower speeds reduce the resolution of the  records. 

Each smoked-paper record w a s  dipped i n  alcohol and shel lac  for preserva- 

t i on  a f t e r  removal from the  drum. 

t o  prepare a new sheet for ins ta l la t ion .  

A simple d i e se l  smudge pot  was used 
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The ultra-portable system was2also:used t o  explore for  possible 

alternative (contingency) sites fo r  the Pine Mountain Station, and t o  

monitor several of the  EDZOE shots f i r e d  at  Revelstoke, Br i t i sh  Columbia, 

along a t rack i n  north-central Oregon. Both of these operations 

provided addi t ional  da ta  on seismicity of volcanic t e r r a ins  adjacent t o  

the  Cascade Range. 

A l l  sites occupied with the  system during summer and autumn 1969 

are indicated on the  index map of Figure 5. Sample comments on individual 

l o c a l i t i e s  follow. 

Pr inevi l le  Area-shakedown and background test. Best 
site on basal t  flows from roads and ridgecrests,  SE 
of Prineville.  Able t o  use 42 db attenuation on 
days wkth l i t t l e  wind (be t te r  by 12 db than even 
the  be t t e r  Cascades peak sites). 

Antelope-background higher than at Prinevi l le .  S i t e  
located on Roy Forman Ranch f a r  from any roads. 
High background noise a t t r ibu ted  t o  e f fec t  of 
l i g h t  breeze i n  exposed and rugged te r ra in .  

Arlington--background noise similar t o  tha t  near 
Antelope. 

Boyd Cave--SE of Bend, 20' deep i n  lava tube Cave. 
Best recording levels obtained i n  entire survey. 
Attenuation 30 db be t t e r  than most Cascade Peak 
sites. However, logging road % m i l e  t o  south 
of site receives much logging and recreat ional  
use which can r e su l t  i n  complete obl i te ra t ion  
of record. 

Diamond Peak--gear car r ied  i n  t o  site on SE s ide  
by t ra i l -bike and then back-packing ( in  wilder- 
ness area) .  
Many sharp events caused by rock-falls  on 
g l a c i  a t e d  slopes above timberline. 

Average Cascades background levels. 
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Mewberry Crater-first s i t e  was on flank of volcanic 
fea ture  cal led the  Dome., SE of East Lake; t h i s  
site proved nearly useless because seismometer 
placed on pumice and scoria  with poor sonic 
characteristics, Later site on si l icic flow 
material a t  small cone between Paulina and East 
Lakes (on private  pumice-mining claims) proved 
very quiet--gain of 12 db b e t t e r  than average 
w a s  obtained. 

N t .  Jefferson--back-packed t o  a location on SW 
s ide  of mountain, 3,s km. from summit. 
Mountain is d i f f i c u l t  t o  approach as most of 
the  massif is remote from roads. S i t e  on 
alluvium near hiking trails and subjected 
t o  considerable cu l tu ra l  noise. 

Three Sisters--back-pack s i te  located below 
Sunshine Shelter on W s ide  of complex some 
5.2 km. from North S is te r .  Fa i r ly  quiet  
s i t e  but subjected t o  some pack-train 
noise. 

Crater Lake--site chosen near water-supply 
tank on S r i m ,  about 4.5 km, S of center 
of Caldera, 
a c t i v i t y  and 12 db above average background 
levels w a s  obtained despi te  some wind. 

S i t e  not subjected t o  t o u r i s t  

Bachelor Butte--site on lava flow i n  ravine 
4 km. W of summft. 
(60 db) . 
length of usable record. 

Average background 
Instrument problems decreased 

HcKenzie Pass area--site on old s tage road 2 
km. S E o f  Belknap Crater and 12 km, Mw of 
N. Sister. Background 6 db higher than average. 

M t .  McLaughlin--site on lava flow 4 km. S. of 
Average background noise (60 db); summit. 

instrument problems again encountered. 

Additional reconnaissance seismicity surveys were conducted 

during f a l l  1969 by D r .  T. Natumoto using a portable ("suitcase") 

seismic apparatus on loan from Lamont-Doherty Geological Observatory. 



A seismicity p ro f i l e  was made across the  Cascades on a l i n e  more or  

l e s s  p a r a l l e l  t o  Highway 58 (Willamette Pass). The r e su l t s  suggest 

tha t  away from the High Cascades volcanoes, seismicity leve ls  are 

much like those i n  the  High Lava Plateaus of Central Oregon. 

Data Tabulation and Analysis. Each smoked-paper record from 

reconnaissance operation of the  ultra-portable system has been analyzed 

at  the  Center f o r  Volcanology for  number and amplitude of recognized 

micro-earthquake events, general c l a s s i f i ca t iop  of events according 

t o  envelope charac te r i s t ics ,  and phase delays where more than one 

phase can be distinguished. The complete da ta  tabulations are 

presented i n  Appendix C.  

Envelope (coda) Characterist ics of micro-earthquakes are strongly 

dependent on nature of the physical medium i n  the  v i c in i ty  of the  

recording site, distance t o  the hypocenter, and above a l l  on source 

mechanism. A var ie ty  of natural  sources ranging from rock f a l l s  on 

spa l la t ions  to tectonic  displacements, as w e l l  as cu l tura l  disturbances 

such as sonic booms or  ce r t a in  vehiclar t r a f f i c  phenomena, are a l l  

capable of producing “micro-earthquakes ,” and there  does riot appear  t o  

be any r ig id ly  objective way, a t  the moment, fo r  t he i r  ident i f ica t ion  

and c lass i f ica t ion .  I n  general, however, the  experienced operator can 

dis t inguish the cu l tura l  events, usually through absence of impulsive 

onsets, and he can i n  a general way separate micro-earthquakes of 

tectonic  o r  volcanic or ig in  (“normals1 events) from surface-produced 

phenomena (“spike” events) on the  basis  of frequency content and shape 

of coda, although it must be recognized tha t  some ambiguity doubtless 



remains. An i l l u s t r a t i o n  of t h i s  two-fold and ra ther  a rb i t r a ry  

c l a s s i f i ca t ion  of natural  micro-earthquakes is afforded by the 

examples of f igure  6 .  

Frequency of occurrence of "normal" events a t  the major Cascades 

volcanoes monitored t o  date,  i.e., t h e i r  "seismicities," i s  shown 

by Table 2, The recording interval at  each site has been normalized t o  

24 hours, 

each tabulated event w a s  f i r s t  calculated by the  method of Muramatu 

In order t o  determine seismicity levels, the magnitude of 

(19641, using the  ground motion veloci ty  calculated from the t race 

amplitudes and gain se t t i ngo  and p lo t t ing  t h i s  value versus epicentral  

distance calculated from S - P values. 

values gives the  magnitude of the event. 

The intercept  of these two 

In pract ice  these values are 

lower than with those obtained using methods developed by Gutenberg and 

Richter (1954).  The r e l a t ion  between magnitude and frequency n, 

Log n = a - 6 m. was then employed using a slope', o r  b value, of 0.88, 

following Page (op. c i t . ) ,  t o  f ind  a best  f i t  f o r  each p lo t  of log n 

versus M. This e n t i r e  procedure is somewhat unsatisfactory because it 

f a i l s  t o  consider frequency, amplifier charac te r i s t ics  and site e f f ec t s  

fo r  calculating of magnitude, as has been pointed out by Eaton ( in  press). 

For comparison, however, despi te  these uncertaint ies ,  i n  the next-to- 

last column of Table 2 the  predicted in te rva ls  between events of +l 

magnitude are calculated fo r  each volcanic target .  It can be seen tha t  

the seismicities range over two orders of magnitude, with Newberry 

Crater and Mt. McLaughlin conspicuously less active than any of t he  other 



I _---_ 
FIGURE 6 : MICRO-EARTHQUAKES RECORDED AT CASCADE VOLCANOES WITH ULTRP2ORTABI.S 

I.- 

SYSTEM: EXAF4PLES FROM NEWBERRY CRATER RECORDED I N  SEPTENBER 1969 
._ b, d ._  
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volcanoes. 

h i s t o r i c a l  a c t i v i t y  of Cascade volcanoes. 

There is no apparent correlat ion with the records of 

Relative seismicities shown here d i f f e r  considerably from t h e  

r e su l t s  of Decker and Harlow (1970), probably as a r e su l t  of both 

inadequate recording periods and of differences in the  in te rpre ta t ive  

methods employed. Whether o r  not t he  seismicities are actual ly  time- 

dependent remains t o  be investigated. 

There seems t o  be no doubt tha t  seismicity of the  High Cascades 

volcanoes exceeds tha t  of the  region t o  the  east in Central Oregon. 

Few micro-earthquakes were detected a t  any s i te  east of the  Cascades, 

and analysis of Pine Nountain da ta  indicates  t ha t  the occurrence of 

micro-earthquakes there  may be as seldom as once per month for any 

detectable magnitude. 



CRATER LAKE PROGRAM 

During f a l l  and winter 1969-70 a t r i p a r t i t e ,  l-Hz, vertical 

component seismic system equipped with a magnetic tape recorder was 

loaned by Lamont-Doherty Geological Observatory t o  the Center f o r  

Volcanology for  use by D r .  T. Matumoto, who was for  t ha t  period a 

v i s i t i n g  Senior Research Associate at the University of Oregon. The 

array was in s t a l l ed  on the south rirn of 'Crater Lake Caldera i n  ear ly  

October, with the  central e lectronics  housed i n  the  basement-of Crater 

Lake Lodge (figure 7). 

Data col lect ion w a s  seriously hindered bp three factors :  1) Unti l  

a heavy snow-cover w a s  i n  place,  extensive and continual cable damage 

w a s  caused by rodents. Protective measures discussed by J. R. Tigner 

(1968) w i l l  be employed i n  the  future.  2) With the  heavy snow came a 

new problem of-cable  parting due to  snow movement on s t e e p  slopes 

(necessitating relocat ion of pa r t  of the  array i n  January; see f igure 7) .  

3) Temporary power f a i l u r e  occurred riot infrequently during the  winter 

months. Nevertheless a considerable body of micro-earthquake da ta  was 

recorded. 

"Normal" micro-earthquakes --relatively near-focus events with 

charac te r i s t ic  codas and S - Minus P t r ave l  times of about 0.5 t o  5 

seconds --occurred on the  average six times dai ly ,  a rate comparable 

t o  t h a t  recorded by the  ultra-portable system during a two day monitoring 

period on the south rim. 

suf f ic ien t ly  well-recorded on each of the three geophone traces to be 

usable fo r  epicenter determinations. 

However, not a l l  of these events were 

A preliminary p lo t  of representative 
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epicenters f o r  the  be t t e r  recorded events i s  shown on f igure 8.  

majority of events c lose t o  Crater Lake are of shallow or ig in  and have 

short  wave t ra ins .  

range from 0.5 t o  about 20 lan. 

epicenter d i s t r ibu t ion ,  of r ing f rac ture  and regional tectonic control 

of the ac t iv i ty .  

The 

North and south of Crater Lake the foca l  depths 

Some suggestion may be seen i n  the 

It is in te res t ing  t o  note the  s imi la r i ty  of seismic 

trends and the aeromagnetic trends published by Blank (1968) .for the 

same region (f igure 9), although the seismicity pat tern must be refined 

with many more determinations before s t a t i s t i c a l l y  val id  comparisions 

can be made. 

"Spike" events are commonly seen on individual traces of the  

Crater Lake records, par t icu lar ly  f o r  the ear ly  par t  of the recording 

period. 

burst  and occur i n  "swarms," or a group of similar events i n  rapid 

successions. The charac te r i s t ic  wave forms of these events may be 

seen and contrasted with normal micro-earthquakes with various S - P 
times on the seismographs i l l u s t r a t e d  i n  f igure  10 (note the expanded 

t i m e  scale €or spike events of increasing duration). Possible source 

mechanisms are limited t o  very near surface or surface phenomena such 

as rock f a l l s ,  sh i f t i ng  snow, thermal f rac ture  of glassy lavas, or  

even autos s t r ik ing  road surface i r r egu la r i t i e s .  

explanation fo r  a t  least some of the  spikes, however, may w e l l  be 

thermal rock fracture .  

events with prec ip i ta t ion  and dai ly  temperature ranges a t  Crater Lake 

They generally consist  of from only 2 t o  10 cycles i n  a 

The most plausible  

Figure 11 shows the correlat ion a€ spike 
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National Park Headquarters for  t he  recording period October - December 

1969. 

drop i n  temperature through the  freezing point following a period of 

precipi ta t ion.  

The maximum f igure  of occurrence appears t o  coincide w i t h  a 

A Lamont-Doherty experimental recording tiltmeter of the  twin- 

pendulum type was operated on a concrete s lab  in the  Lodge basement 

concurrently with operation of t he  seismic array. 

s t a b i l i t y  w a s  non-ideal but some tilt trends may be v i s i b l e  a f t e r  

removal of temperature e f fec ts .  Evaluation of t h e  tiltmeter djata 

has not ye t  been completed. 

Temperature 



CONCLUSIONS AND RECOMMENIATIONS 

The bulk of t h i s  report has been devoted t o  an account of seismic 

investigations accomplished i n  the f i e ld ,  and t o  various technical 

aspects of the program. 

recorded at Pine Pfountain, Crater Lake, and the  reconnaissance sites 

occupied t o  date ,  s c i e n t i f i c  contributions are re s t r i c t ed  t o  preliminary 

evaluations. 

are incomplete; a f u l l  s c i e n t i f i c  report w i l l  be made following 

analysis  of a l l  data .  

Apart from tabulation and description of events 

Some conclusions a t  t h i s  point are tentative and others  

Pine Mountain. 

The Pine Mountain site is optimally located for  c rus t a l  s tudies  

i n  Oregon, and w e l l  located for  c rus ta l  s tudies  i n  the  

Pacif ic  Northwest. 

The s t a t ion  systems are capable of providing s ignal  magnifica- 

t ion  and qua l i t i e s  su i tab le  t o  those tasks. 

The site, insofar as l oca l  earthquakes are concerned, is 

v i r tua l ly  aseismic. 

noise i n  winter and t r a f f i c  noise i n  summer. 

The s t a t ion  is convenient t o  l o g i s t i c a l  support and can be 

sa t i s f ac to r i ly  operated on a year-round basis.  

It is recommended that the s t a t i o n  be operated essent ia l ly  

i n  its present configuration f o r  as long as possible i n  the 

future.  

so tha t  tapes need be changed on a less frequent basis .  

It is subject t o  occasional storm wind 

It may be more convenient t a  use a slower tape speed 
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6 )  It is recommended that  the telem&y receiving point for  

seismicity surveys be tes ted,  and t h a t  a means be explored 

fo r  recording telemetered da ta  df rec t ly  onto equipment i n  

the  mobile laboratory. 

It is recommended tha t  the  poss ib i l i ty  be explored of 

telemetering both da ta  from f i e l d  sites and from the Pine 

Mountain geophones d i r ec t ly  t o  Eugene, as is now done with 

data from the Pine Mountain Astronomical Observatory. 

7)  

Ultra-portable seismicity surveys. 

1) The ultra-portable system u t i l i zed  i n  the present program is 

a sa t i s fac tory  reconnaissance instrument, but could be improved 

by a )  f la t ten ing  frequency response curve (chiefly through 

adjustment of RC-circuit parameters i n  stage coupling); 

b) miniturizing pen-drive amplifier and including t h i s  

c i r c u i t  in a spare s l o t  i n  the  Develco amplifier housing; 

and c)  d ig i t i z ing  WWVB timing output and inser t ing 10- 

second, one-minute and one-hour time marks from t h i s  output 

i n to  pen-drive amplifier , along with complete (unaltered) 

WWVB time code each 4 hours. 

be used t o  synchronize the  pen motor. 

superior t o  recording geophone s ignal  and t i m e  code on the 

same trace,  and eliminates dependence on a chronometer 

(WWVB has proved extremely r e l i ab le ) .  

One-second pulses could a l so  

This method would be 
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2) S i t e  select ion is  of great  importance in  seismicity surveys. 

Protection from wind and d i r ec t  contact with so l id  bedrock 

are the prime prerequisites.  

A ca l ibra t ion  s ignal  should be applied a t  the  beginning and 

end of each record to provide a systems check and a quant i ta t ive 

basis  fox magnitude calculations.  

The r e su l t s  of reconnaissance surveys completed t o  da te  show 

tha t :  a) the  high lava plateaus of Borth Central Oregon, the 

Brothers f a u l t  zone, and the  High Cascades exclusive of Plio- 

Pleistocene t o  Recent volcanoes are r e l a t ive ly  aseismfc; 

b) Newberry Crater and M t .  McLaughlin are about an order of 

magnitude more seismic than the afore-mentioned environments 

but are still  r e l a t ive ly  "quiet" seismically; c )  the remainder 

of the  High Cascade volcanoes monitored are about another 

order of magnitude more seismic than Newberry and Mckughlin; 

several  micro-earthquakes per day can be detected. 

Present methods of calculat ion of magnitudes f o r  micro-earthquakes 

are sa t i s fac tory  fo r  r e l a t i v e  purposes but apparently are 

unsatisfactory for absolute values, and are being revised. 

The overa l l  low seismicity of central Oregon, as indicated on 

the  Barazangi and Dorman (1969) computations of epicenters 

for earthquakes of magnitude >3, is  substantiated by the  present 

micro-earthquake studies.  

long-term monitoring f o r  s t a t i s t i c a l l y  va l id  samples. 

3) 

4) 

5) 

6) 

Low frequency of events requires 
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, 

7) It is  recommended tha t  the  remainder of the  f i e l d  program of 

reconnaissance seismicity s tudies  be executed; i n  par t icu lar  

tha t  improved sites a t  previously occupied s t a t ions  be 

located and monitored, tha t  cer ta in  superior si tes be re- 

occupied fo r  time-variation studies,  and t h a t  additional 

volcanic t a rge t s  be surveyed. 

8)  It is recommended tha t  the reconnaissance surveys be u t i l i z e d  

primarily f o r  the locat ion of areas of high seismicity i n  

volcanic t e r r a in ,  such as geothermal areas, tectonical ly  ac t ive  

areas, and seismically ac t ive  volcanoes; and tha t  follow-up 

surveys with multi-component arrays be u t i l i z e d  fo r  the  study 

of spec i f ic  locations and source-mechanisms (a twelve-geophone, 

3-component diamond ar ray  would provide maximum information.) 

Unger, (1970, o ra l  communication), reports  considerable 

d i f f i c u l t y  i n  evaluating S - P times from arrays using ve r t i ca l  

components only). 

Crater Lake program. 

1) Crater Lake ( M t .  Mazama) has a seismicity typical  of the  more 

ac t ive  class of High Cascades volcanoes, with several  events 

per day being detected. 

From preliminary determinations of epicenters it can be 

ten ta t ive ly  concluded that  t he  seismic events are tectonical ly  

and perhaps ring-fracture controlled; t h e i r  d i s t r ibu t ion  

trends roughly pa ra l l e l  the  aeromagnetic trends fo r  the  same 

region a 

2) 
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3) Spike events (near-surface or  surface sources) at Crater Lake 

may be produced by thermal rock fracture ,  as they show a crude 

correlat ion with f a l l s  of temperature through the freezing 

point following periods of precipi ta t ion.  

It is recommended that additional array s tudies  be car r ied  

out a t  Crater Lake with a vfew towards elucidating source 

mechanisms and s p a t i a l  d i s t r ibu t ion  of hypocenters. 

Future field operations at Crater Lake should ensure protection 

from rodent damage by application of repel lant  t o  all cables. 

4) 

5 )  
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