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Final Technical Report for USGS Joint Operating Agreements
14-08-0001-A0622
Regional Seismic Monitoring in Western Washington
and
14-08-0001-A0623

Seismic Monitoring of Volcanic and Subduction Processes in Washington and Oregon

Summary

This is the final technical report for USGS Joint Operating Agreements 14-
08-0001-A0622 ‘Regional Seismic Monitoring in Western Washington’ and 14-08-
0001-A0623 ‘Seismic Monitoring of Volcanic and Subduction Processes in Wash-
ington and Oregon’. These two agreements cover network operations in western
Washington and northern Oregon, routine data processing, and preparation of bul-
letins and reports. The objective of our work under these operating agreements is
to dgather data for use in evaluation of seismic and volcanic hazards in Washington
and Oregon and to support research carried out under contract 14-08-0001-G 1803
‘Earthquake Hazard Investigations in the Pacific Northwest and Southern Alaska
Using Network Data’, as well as other projects. This report includes a review of
station operations during the contract period, and an update on recent changes in
our data acquisition and processing system.

Since 1984, we have issued quarterly bulletins for all of Washington and the
northern part of Oregon. These include catalogs of earthquakes and blasts located
in Washington and Northern Oregon, providing up-to-date coverage of seismic
and volcanic activity. Appendix 1 contains quarterly bulletins covering the operat-
ing agreement period.

Operations

Twenty-eight stations covering much of western Washin}gton are supported
under JOA AQ0622. Fifty-one stations covering the Olympic Peninsula, volcanos
in the central Cascades, and much of western Oregon are supported under JOA
A0623. The locations of the stations are given in %‘ables 1 and 2, and shown in
Fig. 1. All stations are north latitude and west longitude, and coordinates are
given in degrees, minutes and seconds.

The University of Washington digitally records over 100 seismic stations in a
triggered mode. Stations recorded include short and long period vertical com-
ponents of WWSSN station LON and horizontal seismometers with Wood-
Anderson-response at station SEA on the campus of the University of Washing-
ton.

Details of station operation from October 1990 through September 1991 are
given in the quarterly reports in Appendix 1. Aside from station outages, normal
maintenance includes a visit to each site at least once every two years to replace
batteries and do preventive maintenance. In addition seismometers must be
replaced every 4-6 years. More than 30 radio telemetry relay sites are also main-
tained independently of the seismograph stations.

During 1991 we installed 4 new stations in Oregon. These stations, SSO,
FBO, WMO and RNO were installed in August and September, and are sugported
under 14-08-0001-A0623. These stations are telemetered to Oregon State Depart-
ment of Transportation microwave links, which we use to relay the signals to the
Bonneville Power Administration (BPA) site in Portland. From the BPA in Port-
land, the signal is telemetered by microwave to Seattle, and thence by phone lines
to the UW. Also in Oregon, station GRO was removed, resited, and renamed
TKO. Station YEL, in the crater of Mt. St. Helens, was damaged in February by a
steam emission and is still inoperable. Station APW, south of the Puget Basin, was
removed in March due to the explosions in a nearby gravel quarry. We plan to
either reinstall or resite both YEL and APW.
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Stations supported under USGS JOAs A0622 and A0623, 1991
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Figure 1. Map view of seismic stations supported under USGS JOA A0622 and A0623 between
Nov. 1, 1990 and Oct. 31, 1991. Twenty-eight stations supported under JOA A0622
(triangular symbols) provide coverage of the Mount Baker, Glacier Peak and Mt.
Rainier volcanos and western Washington, while 51 stations supported under JOA
A0623 (square symbols) cover the Olympic Peninsula and Cascade Mountains,
including Mount St. Helens and other Cascade volcanos into central Oregon. Sta-
tions RCS and RER (operated jointly under A0622 and A0623) are shown as "x"
symbols. One station, WMO (not shown), is located just south of the area shown.
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TABLE 1
Stations supported under USGS Joint Qperating Agreement A0622
NAME LAT LONG ELEV(km) LOCATION
APW 46 39 06.0 122 38 51.0 0.457 Alpha Peak
BHW 47 50 12.6 122 01 55.8 0.198 Bald Hill
BLN 48 00 26.5 122 58 18.6 0.585 Blyn Mt.
BOW 46 28 30.0 123 13 41.0 0.870 Boistfort Mt.
CMW 48 25 25.3 122 07 08.4 1.190 Cultus Mins.
CPwW 46 58 25.8 123 08 10.8 0.792 Capitol Peak
FMW 46 56 29.6 121 40 11.3 1.859 Mt. Fremont
GHW 47 02 30.0 122 16 21.0 0.268 Garrison Hill
GMW 47 32 52.5 122 47 10.8 0.506 Gold Mt.
GSM 47 12 11.4 12147 40.2 1.305 Grass Mt.
HDW 47 38 54.6 12303 15.2 1.006 Hoodsport
HTW 47 48 12.5 121 46 08.6 0.829 Haystack Lookout
JCwW 48 11 42.7 121 55 311 0.792 Jim Creek
LMW 4640 04.8 122 17 28.8 1.195 Ladd Mt.
MBW 48 47 02.4 121 53 58.8 1.676 Mt. Baker
MCW 48 40 46.8 122 49 56.4 0.693 Mt. Constitution
MEW 47 12 07.0 122 38°45.0 0.097 McNeil Island
NLO 46 05 18.0 123 27 00.0 0.900 Nicolai Mt., Oregon
OHW 48 19 24.0 122 31 54.6 0.054 QOak Harbor
OSD 4749 15.0 123 42 06.0 2.010 Olympics - Snow Dome
PGW 47 49 18.8 122 35 57.7 0.122 Port Gamble
RMW 47 27 35.0 121 48 19.2 1.024 Rattlesnake Mt. (West)
RPW 48 26 54.0 121 30 49.0 0.850 Rockport
RVW 46 08 58.2 122 44 37.2 0.460 Rose Valley
SHW 46 11 50.6 122 14 08.4 1.399 Mt. St. Helens
SMWwW 47 19 10.2 123 20 30.0 0.840 South Mt.
SPW 4733 13.3 122 14 45.1 0.008 Seward Park, Seattle
STW 48 09 02.9 12340 13.1 0.308 Striped Peak

Data Processing

. The seismographic network operated by the University of Washington con-
sists of over one hundred short-period, vertical component, telemetered seismo-

graphic stations. The seismic recording system operates in an ‘event triggered’
mode, recordin§ data at 100 samples per sec. per channel. The digital recording
system is modeled after the CEDAR system originally developed at the California
Institute of Technology by Carl Johnson. Arrival times, first motion polarities,
signal durations, signal amplitudes, locations and focal mechanisms (when possi-
ble) are determined in postprocessing. Digital data are processed for all telese-
isms, regional events, and all locatable local events. Each trace data file has an
asgocuéted ‘pickfile’ which includes arrival times, polarities, coda lengths, and
other data.
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Stations supported under USGS Joint Operating Agreement A0623

NAME
ASR
AUG
BPO
CDF
CMM
DBO
ELK
FBO
FL2
GLK
GMO
GUL
HBO
HSO
HSR
JUN
KMO
KOS
LO2
LVP
MPO
MTM
NCO
OBC
OBH
OFK
ONR
oow
OSP
OTR
PGO
RNO
RVC
SOS8
SSO
STD
TCO
TDH
TDL
TKO
VBE
VCR
VFP
VG2
VIP
VLL
VLM
VTH
WMO
WP2
WPW

LAT
46 09 02.4
45 44 10.0
44 39 06.9
46 06 58.2
46 26 07.

oy

a

e

oo

LI O
WONO OO0
chokvwooooo

44 30 17.4
46 01 31.8
43 42 144
48 02 07.1
47 19 345
47 57 00.0
46 52 37.5
47 44 12.0
48 17 05.5

46 41534

TABLE 2
LONG ELEV(km)

121 35 33.6 1.280
121 40 50.0 0.865
12141 19.2 1.957
122 02 51.0 0.780
122 30 21.0 0.620
123 14 34.0 0.984
122 20 27.0 1.270
122 34 40.2 1.080
122 21 01.0 1.378
121 36 30.7 1.320
120 57 22.3 1.689
121 35 44.0 1.189
122 19 11.9 1.615
123 05 24.0 1.020
122 10 58.2 1.774
122 09 10.8 1.049
12329 22.2 0.975
122 11 25.8 0.828
121 48 36.0 0.853
122 24 30.0 1.170
123 33 00.6 1.249
122 12 42.0 1.121
121 08 18.0 1.908
124 04 39.0 0.938
123 51 57.0 0.383
124 21 28.1 0.134
123 46 16.5 0.257
124 11 22.0 0.743
124 35 23.3 0.585
124 20 39.0 0.712
122 27 10.0 0.237
123 44 26.0 0.875
121 58 17.3 1.000
122 08 12.0 1.270
122 27 37.8 1.242
122 13 21.9 1.268
121 36 01.0 1.975
121 47 25.2 1.541
122 12 57.0 1.400
123 27 14.0 1.024
12135 12.6 1.544
120 59 17.4 1.015
121 27 54.3 1716
122 16 15.0 0.823
120 37 07.8 1.731
121 40 45.0 1.195
122 02 21.0 1.150
120 33 40.8 0.773
122 35 31.0 1.860
122 47 06.9 0.341
121 32 48.0 1.250

LOCATION

Mt. Adams - Stagman Ridge
Augspurger Mtn

Bald Peter, Oregon

Cedar Flats

Crazy Man Mt.

Dodson Butte, Oregon

Elk Rock

Farmers Butte, Oregon
Flat Top 2

Glacier Lake

Grizzlie Mountain, Oregon
Guler Mt.

Huckleberry Mt., Oregon
Harness Mountain, Oregon
South Ridge, Mt. St. Helens
June Lake

Kings Mt., Oregon
Kosmos

Longmire

Lakeview Peak

Mary’s Peak, Oregon

Mt. Mitchell

Newberry Crater, Oregon
Olympics - Bonidu Creek
Olympics - Burnt Hill
Olympics - Forks

Olympics - North River
Octopus West

Olympics - Sooes Peak
Olympics - Tyee Ridge
Gresham, Oregon

Roman Nose, Cregon

Mt. Rainier - Voight Creek
Source of Smith Creek
Sweet Springs, Oregon
Studebaker Ridge

Three Creek Meadows, Oregon.
Tom,Dick,Harry Mt., Oregon
Tradedollar Lake

Trask Mtn, Oregon

Beaver Butte, Oregon
Criterion Ridge, Oregon
Flag Point, Oregon

Goat Mt., Oregon

Ingram Pt., Oregon
Laurance Lk., Oregon
Little Larch, Oregon

The Trough, Oregon
Whale Back Mt., Oregon
West Portland, Oregon(replaces
White Pass
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TABLE 3
Stations supported jointly by USGS JOAs A0622 and A0623
NAME LAT LONG ELEV(km) LOCATION
RER 4649 09.2 121 50 27.3 1.756 Mt. Rainier, Emerald Ridge
RCS 46 52 15.6 121 43 52.0 2.877 Mt. Rainier, Camp Schurman

To improve communication with other networks and government agencies,
we provide a public update service. Anyone on internet can access the most
current  information on seismic activity. The utility "finger
quake@ geophysics.washington.edu" gives locations of significant Pacific Northwest
earthquakes during the past several days, several of the the most recent WRSN
locations, and the most recently received NEIS QED locations. The same service
is available by dialing our main computer (206) 685-0889 and logging in as
"quake" with password "quake". We currently exchange phase data with the Pacific
Geoscience Centre semiannually. We have also initiated a phase and trace data
exchange for the Corvallis, Oregon IRIS GSN station (COR). Data are exchanged
on an event-by-event basis, and COR digital trace data is archived on tape along
with the WRSN digital data, but in a separate file.

Publications

~ Publications wholly or partly supported under these operating agreements are
listed in Appendix 2.
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INTRODUCTION

This is the fourth quarterly report of 1990 from the University of Washington Geophysics
Program covering seismicity of all of Washington and northern Oregon. These comprehensive
quarterlies have been produced since the beginning of 1984. Prior to that we published quarterlies
for western Washington in 1982 and for eastern Washington from 1975 to 1983. Annual reports
covering seismicity in Washington since 1969 are availagle from the U.W. Geophysics Program. In
collaboration with the University of Washington, the State Department of Natural Resources
{DNR) has published catalogs of earthquake activity in western Washington for the period 1970-

1979. The DNR has published earthquake catalogs for the whole state for the period 1980-1986.

This quarterly report discusses network operations, seismicity of the region, and unusual
events or findings. This report is preliminary, and subject to revision. Some earthquake locations
may be revised if new data become available, such as P and S readings from Canadian seismic sta-
tions. Findings mentioned in these quarterly reports should not be cited for publication. Fig. 1
shows major geographical features in the state of Washington and northern Oregon and seismo-

graph stations now in operation.

NETWORK OPERATIONS

Table 1 gives approximate periods of time when stations were inoperable. Data for Table 1
are compiled from weekly plots of network-wide teleseismic arrivals, plus records of maintenance

and repair visits. Fig. 1 shows a map view of stations operating during the quarter.

There were no new stations added to the network this quarter. There was, however, one sta-
tion lost to a volcanic explosion at Mt. St. Helens on November 5. Station YEL was hit by debris
resulting from a steam explosion. YEL is located within a kilometer of the dome within the crater

of Mt. St. Helens.
During the quarter, repair work was undertaken on the roof facility at the University of
Washington, and as a result, 24 stations from Western Washington were down the weekend Oct 20

to Oct 22.
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Washington Regional Seismograph Network
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Figure 1. Seismograph stations operating during the fourth quarter 1990.
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TABLE 1

Station
APW
BHW
BLN
BOW
CDF
CMW
CPW
EDM
ELL
EPH
FMW
GHW
GMW
GRO
HBO
HDW
HSO
HSR
HTW
JUN
LMW
LNO
MEW
MTM
NLO
oD2
oDs

PGW
RCs
RER
RMW
RPW
RVC
RVW
SHW
SMW
STW
TBM
TCO

VCR
VG2
VGB

WRD

Station Outages 4th quarter 1980

Outage D ates
Oct 20-Oct 22
Oct 20-Oct 22
Oct 20-Oct 22
Oct 20-Oct 22,Dec 3-Dec 7
Dec 28-End

Oct 20-Oct 22,Nov 16-End
Oct 20-Oct 22
Dec 28-End
Nov 1-Nov 11
Oct 17-0ct 21
Oct 20-Oct 22, Dec 25-Dec 26
Oct 20-Oct 22
Oct 20-Oct 22
QOct 1-End

Oct 24-Oct 30
Oct 20-Oct 22
Oct 10-Oct 30
Dec 28-End

Oct 20-Oct 22
Oct 1-Oct ¢

Oct 20-Oct 22
Nov 21-11?

Oct 20-Oct 22
Dec 28-End

Dec 1-Dec 8
Dec 5Dec?
Oct 17-Oct 21
Nov 28-Nov 4
Oct 20-Oct 22
Oct 20-Oct 22
Oct 20-Oct 22
Oct 20-Oct 23
Oct 20-Oct 22
Oct 20-Oct 22
Oct 20-Oct 22
Oct 20-Oct 22
Oct 1-Oct 31

Oct 20-Oct 22
Nov 1-Nov 8
Oct 1-Oct 31

Oct 25-End

Oct 15-Oct 22
Nov 1%-Dec 4
Nov 12-Nov 19
Oct 10-Oct 15,Nov 1-Nov 18
Oct 17-Oct 21
Nov 5-End

Comments

Dead;roof power supply
Dead;roof power supply
Dead;roof power supply
Roof power, and blown txmitter;water damage
Dead

Roof power, then dead
Dead;roof power supply
Dead

Replaced radio pair,off center freq.
Dead

Roof power, then dead
Dead;roof power supply

D ead;roof power supply
Of centar freq, pulled 12/4
Bad summing amp
Dead;roof power supply
Intermittent

Dead

Dead;roof power supply
Desd

Dead;roof power supply
Dead

D ead;roof power supply
Dead

Marginal reception, water damage in antenna cable
Wind damaged antenna
Dead

Dead

Dead;roof power supply
Dead;roof power supply
Dead;roof power supply

D ead;roof power supply, didn't come up with rest
Dead;roof power suppiy
Dead;roof power supply
Dead;roof power supply
Dead;roof power supply
Dead

D ead;roof power supply
Replaced radio pair

Bad seis?

Dead

No subearrier

Repiaced radio pair

No subcarrier

Dead

Dead

Dead; volcanic explosion



STATIONS USED FOR LOCATION OF EVENTS
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Table 2 lists stations used in locating seismic events in Washington and Oregon. Stations

marked by an asterisk (*) were supported by USGS joint operating agreement 14-08-0001-A0622.

Stations marked by (8) were supported by USGS contract 14-08-0001-A0623. {+ ) indicates sup-

port under Westinghouse Hanford Company Contract PMM-RJU-305. All other stations were

supported from other sources.

The first column in the table gives the 3-letter station designator. This is followed by a sym-

bol designating the funding agency, station north latitude and west longitude (in degrees, minutes

and seconds), station elevation in km, and comments indicating landmarks for which stations were

named.

Stations Operating at the End of the Fourth Quarter 1990

FL2
FMW

F

- ® N W

@ t o ow ot o ow

+

s w + +

LAT

46 39 06.0
46 09 02.4
45 44 100
47 50 12.8
48 00 28.5
46 28 30.0
44 39 069
46 29 07.2
46 48 37 8
47 48 16.7
46 06 58.2
46 26 07.0
48 25 253
46 20 276
46 58 25.8
46 49 30.8
43 07 08.0
47 52 14.3
47 59 06.9
48 11 50.4
46 18 20.0
46 54 350
47 21 12.8
48 34 37.0
47 36 16.2
46 11 47.0
46 55 54.0

TABLE 2
LONG EL
122 38 51.0 0.457
121 35 33.8 1.280
121 40 50.0 0.865
12201 558 0.198
122 58 18.8 0.585
123 13 41.0 0.870
121 41 19.2 1.957
119 59 29.4 0.925
119 52 54.1 0.707
12002278 1.073
122 02 51.0 0.780
122 30 21.0 0.820
12207 08.4 1.190
122004386 0.305
123 08 10.8 0.792
119 23 18.0 0.280
123 14 34.0 0.984
118 1210.2 0892
119 48 130 0.884
122 08 00.0 1.609
1222027.0 1.270
120 34 06.0 0.805
119 35 46.2 0.628
118 56 11.0 0.305
120 19 516 1.475
12221010 1.378
121 40 19.2 1.890

NAME

Alpha Peak

Mt. Adams - Stagman Ridge
Augspurger Mtn

Bald Hill

Blyn Mt.

Boistfort Mt.

Bald Peter, Oregon
Black Rock Valley
Beverly

Chelan Butte, South
Cedar Flats

Crazy Man Mt.

Cultus Mtns.

Cowlitz River

Capiwl Peak

Corfu

Dodson Butte, Oregon
Davenport

Dyer Hill 2

East Dome, Mt. St. Helens
Elk Rock

Ellensburg

Ephrata

Eltopis (repiaces ET2)
Entiat

Flat Top 2

Mt. Fremont
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STA F LAT LONG EL NAME

GBL + 46 35 518 119 27 35.4 0.330 Gable Mountain

GHW * 47 02 30.0 12218210 0.288 Garrisen Hill

GL2 - 4557 250 120 49 22,5 1.000 New Goldendale

GLK 3 46 33 50.2 121 38 30.7 1.320 Glacier Lake

SMO 3 44 28 208 120 57 222 1.589 Grizziy Mountain, Oregon

GMW * 47 32 325 122 47 108 0.506 Gold Mt

GRO 3 45 21 04.5 123 39 43.0 0.945 Grindstone Mt., Oregon

GSM . 47 12 114 121 47 402 1.305 Grass Mt

GUL 3 45 35 27.0 121 35 440 1.189 Guler Mt

HBO 3 43 50 38.5 12219119 1.815 Huckleberry Mt., Oregon

HDW * 47 38 54.8 12303152 1.006 Hoodsport

HSO $ 4331330 123 05 240 1.020 Harness Mountain, Oregon

HSR $ 48 10 22.2 22 10 58.2 1.774 South Ridge, Mt. St. Helens

HTW . 47 48 12.5 121 46 08.8 0.829 Haystack Lookout

BO H 45 27 41.7 119 50 13.3 0.845 Jordan Butte, Oregon

Cw * 48 11 38.8 121'55 48.2 0.818 Jim Creek

JUN 3 48 08 48.0 12200108 1.049 June Lake

KMO 3 45 38 07.8 12329222 0.975 Kings Mt., Oregon

KOS 3 48 27 408 12211258 0.828 Kosmos

LMW . 46 40 04 8 12217 288 1.195 Ladd Mt

LNO - 45 52 15.8 118 17 068.0 0.768 Lincton Mt., Oregon

Loc 48 43 048 119 25 54.6 0.201 Rohay Station

LO2 46 45 00.0 121 48 38.0 0.853 Longmire

LON 48 45 00.0 121 48 38.0 0.853 Longmire (DWWSSN)

LVP $ 48 04 06.0 122 24 30,0 1.170 Lakeview Peak

MBW . 48 47 02.4 121 53 58.8 1.678 Mt. Baker

MCW . 48 40 488 122 49 56.4 0.603 Mt. Constitution

MDW + 46 36 48.0 119 45390 0330 Midway

MEW . 47 1207.0 12238450  0.007  McNeil Island

MJ2 46 33 28.0 119 21 50.0 0.150 Rockwell Station

MOX - 48 34 380 120 17 350 0.540 Moxie City

MPO 3 44 30 17 4 123 33006 1.248 Mary's Peak. Oregon

MTM $ 46 01 31.8 122 12420 1.121 Mt. Mitchell

NAC - 46 44 03 .8 120 49 33.2 0.738 Naches

NCO H 43 42 18.2 121 08 06.0 1.908 Newberry Crater, Oregon

NEL + 48 04 41.8 120 2017.7 1.490 Nelson Butte

NLO . 46 05 18.0 123 27000 0.900 Nicolai Mt., Oregon

OBC 3 48 02 071 124 04 39.0 0.938 Olympics - Bonidu Creek

OBH $ 47 19 34.5 123 51 570 0.383 Olympics - Burnt Hill

oD2 + 47 23278 118 42 38.4 0.590 Odessa site #2

OFK 3 47 57 00.0 124 21 281 0.134 Olympies - Forks

OHW * 48 19 24.0 122 31 548 0.054 Oak Harbor

ONR H 48 52 37.5 123 48185 0.257 Olympics - North River

oow $ 47 44 120 124 11220 0743  Octopus West

OSD * 47 49 150 123 42 08,0 2.010 Olympics - Snpow Dome

OspP $ 48 17 05.5 124 35233 Olympics - Sooes Peak

OS8R H 47 30 20.3 123 57 42.0 0.815 Olympics Salmon Ridge

oT2 + 46 43 17.0 119 14 05.0 - New Othello

OTR $ 4805000 124 20390 0712 Olympics - Tyee Ridge

PAT + 45 52 50.1 119 45 401 0.300 Paterson

PGO H 45 28 00.0 12227 100 0.237 Gresham, Oregon



et |

UW Quarterly Rep. §0-D

continued
STA F LAT LONG EL NAME
PGW * 47 49 18.8 12235577 0.122 Port Gambie
PRO - 48 12 458 119 41 09.0 0.552 Prosser
RC1 48 56 60.0 119 26 00.0 0.500 Royal City (3-component)
RCS 46 52 158 121 43 520 2.877 Mt Rainier. Camp Schurman
REM 48 11 37.0 12211 03.0 2.102 Rembrandt {Dome stauon}
RER 48 49 09.2 12150273 1.758 Mt Rainier, Emerald Ridge
RMW . 47 27 34.9 121 48 18.2 1.024 Rattesnake Mt { West)
RPW * 48 26 54.0 121 30 49.0 0.850 Rockport
RSW - 46 23 28.2 119 35 19.2 1.037 Ratuesnake Mt {East)
RVC 3 46 56 34.5 12158173 1.000 Mt. Rainier - Voight Creek
RVW * 46 08 58.2 122 44 37.2 0.460 Rose Vailey
SAW - 47 42 08.0 119 24 035 0.890 St. Andrews
SEA 47 39 18.0 122 18 30.0 0.630 Seattie { Wood Anderson)
SEE 47 39 18.0 122 18 30.0 0.030 Seattie Pseudo-WA (E}
SEN 47 39 180 122 18 300 0.030 Seatte Pseudo-WA (N)
SHW * 48 11 33.0 12214 120 1.423 Mt St. Helens
SMW * 47 19 10.2 123 20 30.0 0.840 South Mt
SOS 3 46 14 38.5 12208120 1.27 Source of Smith Creek
SPW . 47 33 133 122 14 451 0.008 Sewsard Park, Seatte
STD b 46 14 16.0 12213219 1.268 Studebaker Ridge
STW . 48 09 029 123 40 13.1 308 Striped Peak
TBM + 47 10 101 120 35 54.0 1.064 Table Mt.
TCO $ 4408270 121 36 00.0 1.975 Three Creek Meadows, Or.
TDH $ 45 17 23.4 121 47 25.2 1.541 Tom,Dick, Harry Mt., Oregon
DL $ 46 21 03.0 122 12570 1.400 Tradedoliar Lake
T™WW + 47 08 17.2 120 52 04.5 1.048 Teanaway
VBE 3 4503 37.2 121 35128 1.544 Beaver Butte, Oregon
VCR H 44 58 58.2 120 59 17.3 1.015 Criterion Ridge, Oregon
VFP $ 45 198 05.0 121 27 54.3 1.718 Flag Point, Oregon
VG2 - 4508 200 12216 150 0.823 Goat Mt., Oregon
vGB - 45 30 58 4 120 48 39.0 0.729 Gordon Butte, Oregon
vIP - 44 30 294 12037078 1.731 lagram Pt., Oregon
VLL $ 45 27 480 121 40 450 1.195 Laurance Lk., Oregon
VLM H 45 32 188 12202 21.0 1.150 Liwle Larch, Oregon
VTG + 46 57 28.8 119 590 14.4 0.208 Vantage
VTH + 45 10 52.2 120 33 40.8 0.773 The Trough, Oregon
WA2 A+ 46 45 242 119 33 455 1230 Wahiuke Slope
WAT - 47 41 55.0 119 57 15.0 0.900 Waterviile
WG3 + 46 01 43.0 118 51 240 0.480 Wallula Gap
WIW + 48 25 48.8 119 17 134 0.130 Wooded Isiand
WwWP2 - 4533 57.2 122 47 089 0.341 West Portland, Oregon
WPW + 48 41 53.4 121 32 48.0 1.250 White Pass
WRD + 46 58 11.4 119 08 36.0 0.378 Warden
YAK + 46 31 15.8 120 31 45.2 0.619 Yakims
YEL 48 12350 122 11 180 1.750 Yellow Rock, Mt. St. Helens
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EARTHQUAKE DATA

There were 1069 events processed by the University of Washington digital recording seismic
network between October | and December 31. 1990, Locations were determined for 303 of these

in Washingron and MNorthern Oregon: 434 were classified as earthquakes and 89 as known or

1

)

uspected biasts. The remaining 386 processed events include teleseisms {204 events), regional
svents outside the U. W, network (32). and unlocated events within the U. W. network. Unlo-
cated events within the U.W. network include very small earthquakes and some known blasts. For

example, only a few of the frequent mine blasts at Centralia are kept, and none are located.

Table 3 is the catalog of earthquakes and blasts located within the network for this quarter.

Fig. 2 shows all earthquakes with magnitude greater than or equal to 0.0 {M > 0) Fig. 3 shows

blasts and probable blasts (M > 0.) Fig. 4 shows earthquakes located at Mount St. Helens {M >

0). Fig. 5 shows earthquakes located at Mount Rainter (M > 0}.

Western Washington and Oregon

During the fourth quarter of 1990. 434 earthquakes were located between 43.0° and 49.5°
north latitude and between 121 ° and 125" west longitude. Most of these occurred at depths less
than 30 km with, as usual, a small number of earthquakes in the Puget Sound lowland at depths

greater than 30 km.

During the fourth quarter, there were two small earthquakes reported felt in western Wash-
ington and Oregon. The first occurred on October 19 near Mt. Hood, Oregon. This was a M _ =
3.5 earthquake located 4 km SSE of the summit of Mt. Hood. and felt in Government Camp and
at Timberline Lodge on the flanks of the mountain. It had a depth of approximately 6 km. There
was no damage. This earthquake was one of 24 to have occurred during a swarm of activity which
continued over a three hour period on the 19th. Activity such as this is not unusual on Mt. Hood.
where rather intense activity can occur for short periods of time, followed by many months of

quiescence. Of these 24 earthquakes, all but two were smaller than M_ = 1.7.

The second felt event occurred on Dec 30, and also was MC == 3.5. This located approxi-
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mately 3 km southwest of North Bend. was 17 km deep, and was felt in North Bend and the Wild-

erness Rim area. There was no reported damage.

Eastern Washington and Oregon

This quarter. there were only 30 earthquakes located in Eastern Washington. The most not-
able acuvity was concentrated near the town of Beverly, Wa. Beverly is located 30 km southeast of
Ellensburg on the Columbia River. in the Saddle Mountains area. There was a cluster of six earth-
quakes located between December 15 and December 22. -eginning with a M =31lon December

"5 The largest was a M = 3.4 on December 22. The smallest earthquake was a M_ = 1.5 on

L]

December 21. None of these were felt, and all were less than 5 km in depth.

There continued to be very few earthquakes in the Enuat area. near the most southern up of
Lake Chelan. Only seven earthquakes occurred during the quarter. There were only five last quar-
ter. Rates such as this are anomolously low, when compared to rates over the last twenty years, as

reported last quarter.

Mount Rainier Area

Since early in 1989, we have been reporting activity near Mt. Rainier. This is primarily due
to the fact that our ability 1o locate earthquakes has improved, and we feel the steady earthquake
activity in the area is worth mention. Starting this quarter. Mt. Rainier seismicity will be summar-
ized on a regular basis with an accompanying seismicity map, (Figure 4), as is done for Mt. St

Helens, (Figure 3.

There were 65 events within the vicinity of the cone of Mt. Rainier, among a total of 97
events within the region seen in Fig. 5. As a measure of comparison, there were only 28 events
near the cone last quarter. The term 'near’ is used here to discriminate between events in close
proximity to the cone and those further than approximately 10 km away. Activity at Mt. Rainier is
of many types, including surface events (avalanches, ice quakes, etc.) and tectonic earthquakes.
Events in the catalog, in this area, and flagged with type "L” for low f{requency, are generally

surface-type, to discriminate them from the shallow tectonic earthquakes, which have a higher
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frequency and a different source. The number of events in close proximity to the cone of My
Rainier can be expected to vary over the course of the vear, because the source of much of the

shallow surface-type acuvity is ice movement or avalanching, which is seasonal in nature.

An unusual period of acuvity occurred on Mt Rainier this quarter which differs from any
activity previously recorded. Starting on October 18, very small, low frequency events began
appear on monitoring stations on the flanks of the mountain. {Stations RCS and RER}. The
unusual aspect of these events 1s that they were essentially "clones” of one another in all respects.
They have the same seismic signature, meaning they look virtually idenucal. There was very little
deviation in the rate of approximately one event per hour until October 24, when they began to
slow somewhat. On October 24, a bulletin was issued to government agencies which in the past
have had an interest :n knowing when unusual acuvity was occurring, including the USGS and the
Mt. Rainier National Park Service. These events were considered no more than a scientific curios-
ity and not considered dangerous in a volcanic sense. Actvity continued at a somewhat reduced

rate until November 2. and have become less frequent towards the end of the quarter.

Mount St. Helens Area

168 events were located at Mt. St. Helens this quarter. This quarter, 40 were below a depth
of 4 km, and the rest were relatively shallow. 4 km separates events in the very shallow crust and
volcanic edifice from those within the deeper magmatic svstem. There were only two earthquakes

which had magnitudes greater that 2.

Aside from this normal activity, there were two explosive events. The first occurred on
November 5, and was responsible for the destruction of two seismic stations ( YEL, operated by
the Univ. of Washington. and GDN, which is a USGS operated station and not telemetered to the
University of Washingon). Dome blocks up to about two meters in diameter were scattered over
the lower part of the west crater wall, northwest of the dome. This apparently was the result of an
avalanche triggered by the explosion. and it was the avalanche that was apparently responsible for
the damage to the equipment. The other event occurred on December 20, and was similar, but

did not damage any equipment.
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These explosive events are among 3 family of small explosive events that have occurred on
the dome since August 1989. They are different than 'eruptive’ episodes which have come w0 be
associated with magmauc material being extruded, are ’'constructive’ in the sense of adding
material 1o the dome, and have a great deal of accompanying seismicity. {The last episode like this
occurred in 1986). These very unpredictable explosive events are called phreatic eruptions. have

no precursory seismicity, have an effect only within the crater. are likely 1o recur, and can be

wought of as "destrucuve’ in their ability to damage the dome.
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INTRODUCTION

This s the Arst quarteriy report of 1961 from the University of Washingion Geophysics Pro-
gram covering seismicity of all of Washington and northern Oregon. These comprehensive quar-
teriies have been produced since the beginning of 1984, Prior to that we published quarteriies for
western Washingion 1o 1983 and for eastern Washinglon from 1973 w 1983. Annual reports cov-
ering seismicity in Washington since 1969 are available from the U W. Geophysics Program. In
coilaboraton with the University of Washington. the State Department of Natural Resources
I{DXNR) has published catalogs of earthquake actvity in western Washington for the period 1970-
1979. The DNR has published earthquake catalogs for the whole state {or the period 1980-1986.
This quarterly report discusses network operations, seismicity of the region. and unusual
events or findings., This report is preliminary, and subject to revision. Some earthquake iocations
may be revised if new data become available, such as P and S readings from Canadian seismic sta-
tons. rindings mentioned in these quarterly reports should not be cited for publicauon. Fig. 1 is

a map view of seismograph stations now in operaton.

NETWORK OPERATIONS

Table 1 gives approximate periods of time when stations were inoperable. Data for Table 1
are compiled from weekly plots of network-wide teleseismic arrivals. plus records of maintenance

and repair visits. Fig. 1 shows a map view of stations operating during the quarter.

There were no new stations added to the network this quarter. As reported last quarter, sta~
ton YEL was lost in a phreatic explosion. Another station. REM . was temporarily lost on Febru-
ary 5 during a similar event. The antenna was bent during the event, and was straightened on
February 12, only to be damaged again on February 14 during another explosion event. It was
repaired again on February 24. It is not clear whether stauon YEL can be fixed safely, given the

uncertain nature of these explosions.
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Figure 1. Seismograph stations operating during the first quarter 1991
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TABLE 1
Station Outages 1st quarter 1991

Stauon
APW
CDF
CMW
EDM
ELK
ELL
GRO
HBO
HDW
HSR
Lo2
LON
MTM
NCO
OBH
0OsD
REM
SHW
SMW
SOS
SPW
STD
TDH
VGB
VTH
YAK

Duytage Dates

S m:/:z&zc

Jan 1-Jan 4.Jan 8-March 20
All perind

Jan [-Jan 4. Jan 8-March 20
Jan 1-Jan 21

Jan 1-Jan 18

All period

Feab 19-Feb 23

Jan §-Jan 10

Jan 1-Jan 4. Marcn 3-March 28
March 12-Mareh 13

March 12-March 13

Jan 1-Jan 4, Jan 8-March 20
March 27-End

March 1-End

Jan 14-Jan 18

Feb 5-Feb 12, Febd l4-End
Feb 2-Feb ¢

Feb 15>Marceh ¢

Jan 1-Jan 21

Jan 1-Jan 29

Jan 1-Jan 21

All period

Jan {-Jan 18

Jan 1-1?

Jan 10-Jan 14

Comments

Station removed during excavalion work
Receiver at WP2 wuned,then intermittent
Dead

Receiver at WP2 tuned, then intermittent
Recy r bad at ELK

Dead:VCO prosiem

Dead

Dead

Dead

Receiver at WP2 tuned. fixed at site
Dead

Dead

Receiver 3t WP2 tuned,then ntermittent
Dead

Aseismic

Dead

Died in 2 successive voicanic expiosions
Ntalks witn MCW

Dead

Recv'r bad at ELK intermittent

Bad phone cable

Recv'r bad at ELK:intermittent

Dead

Bad VCO, replaced

Dead, came back w/o repair

Dead. fixed w/o site visit
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STATIONS USED FOR LOCATION OF EVENTS

Table 2 lists stations used in locaung seismic events in Washington and Oregon. 3Stations
marked by an astenisk {*} were supported by USGS joint operaung agreement 14-08-0001-A0622.
Statuons marked by {$) were supported by USGS contract 14-08-0001-A0623. { - ) indicates sup-
port under Wesunghouse Hanford Company Contract PMM-RJU-505. All other staucns were

supported {rom other sources.

The first column in the table gives the 3-letter station designator. This 1s followed by a sym-
bol designating the funding agency, station north latitude and west longitude {in degrees. minutes

and seconds). staton elevation in km. and comments indicaung landmarks for which stations were

named.

TABLE 2

Stations Operating at the End of the First Quarter 1891
STA F LAT LONG EL NAME
APW d 48 39 08.0 122 38 51.0 0.457 Alpha Peak
ASE 3 48 00 02.4 121 35 33.8 1.280 Mt Adams - Stagman Ridge
AUG s 45 44 100 121 40 50.0 0.885 Augspurger Mtn
BHW . 47 50 12.8 122 01 55.8 0.198 Bald Hill
BLN . 48 00 28.5 122 58 188 0.585 Blyn Mt
BOW . 468 28 300 12313 410 0.870 Boistfort Mt
BPO H 4439069 121 41 19.2 1.957 Bald Pster, Oregon
BRV - 46 29 07.2 119 59 29.4 0.925 Black Rock Valley
BVW - 48 48 37 8 119 52 54.1 0.707 Beveriy
CBS - 47 48 18.7 120 02 276 1.073 Chelan Butte, South
CDF $ 46 06 58.2 12202510 0.780 Cedar Flats
CMM H 46 26 07.0 122 30 210 0.820 Crazy Man Mt.
CMW . 4825253 12207 084 1.190 Cultus Mtns.
COW 3 46 29 278 122 00 436 0.305 Cowiitz River
CPW . 48 58 25.8 123 08 10.8 0.792 Capitol Peak
CRF - 46 49 30.6 119 23 180 0.260 Corfu
DBO 3 4307 090 122 14 340 0 984 Dodson Butte. Oregon
DPW - 47 52 143 118 12 10.2 0.892 Davenport
DY2 - 47 59 089 119 46 13.0 0.884 Dyer Hill 2
EDM 48 11 50.4 12208 00.0 1.608 East Dome, Mt St Helens
ELK $ 4618200 12220270 1270  Elk Rock
ELL - 46 54 35.0 120 34 08.0 0.805 Ellensburg
EPH - 47 21128 119 35 46.2 0.628 Ephrata
ET3 - 46 34 37.0 118 56 11.0 0.305 Eltopia (repiacss ET2
ETW -~ 47 38 16.2 120 19 51.6 1.475 Entiat
FL2 3 46 11 47.0 12221010 1.378 Flat Top 2

FMW * 46 55 54.0 121 40 19.2 1.890 Mt Fremont
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STA F LAT LONG EL NAME

GBL - 15 35 31 8 119 27 35.4 (3.330 Gable Mounwan

GHW - 4702302 12216210 0.268 Garnson Hill

GL2 - 45 57 350 120 48 225 1.000 New Goldendale

GLK 3 16 33 50.2 12138307 1.320 Glacier Lake

GMO 3 14 26 208 120 57 223 1 588 Grizziy Mountain, Oregon
OMW = 47 32 525 122 47 108 0.508 Gold Mt

GRO 3 45 21 04.5 123 35 43.0 0.945 Grindstone Mt., Oregon
GSM * 47 12 11 .4 121 47 402 1.305 Grass Mt

GUL 3 4555270 121 35 440 1.1889 Guler Mt

HBO $ 4350395 12219119  1.615  Huckleberry Mt Oregen
HDW * 47 38 54 .6 12303 152 1.006 Hoodsport

HSO 3 43 31330 123 05 240 1.020 Harness Mountain. Oregon
HSR 3 46 10 22.2 12210 58.2 1.774 South Ridge, Mt. St. Helens
HTW . 47 48 125 121 45 088 0.829 Haystack Lookout

BO 3 4527 417 119 50 133 08435 Jordan Butte, Oregon
JCw . 1% 11 388 121 55 482 0.818 Jim Creek

JUN 3 48 08 48.0 12200108 1.049 June Lake

KMO 3 4538 07 8 123 29 222 0.975 Kings Mt Oregon

KOS 3 48 27 40 8 122 11 258 0.828 Kosmos

LMW . 46 40 04.8 12217 288 1.185 Ladd Mt

LNO - 4552 158 118 17 06.0 0.768 Lincton Mt.. Oregon
LoC 46 43 04 .8 119 25 54.8 0.201 Rohay Station

LO2 46 45 00.0 121 48 38.0 0.853 Longmire

LON 46 45 00.0 121 48 380 0.853 Longmire (D WWSSN)
LVP b 46 04 06.0 122 24 300 1.170 Lakeview Peak

MBW * 48 47 02.4 121 33 58.8 1.678 Mt. Baker

MCW . 48 40 46.8 122 49 58.4 0.893 Mt. Constitution

MDW - 46 38 48.0 119 45 39.0 0.330 Midway

MEW * 47 12070 122 38 450 0.097 McNeil Isiand

MJ2 48 33 28.0 119 21 500 0.150 Rockweil Stauon

MOX - 48 34 38.0 120 17 35.0 0.540 Moxie City

MPO 3 44 30 17 4 123 33 00.8 1.249 Mary's Peak, Oregon
MTM 3 48 01 31.8 122 12 420 1.121 Mt Miwchell

NAC - 46 44 03 8 120 49 322 0.738 Naches

NCO 3 43 42 18.2 121 08 06.0 1.908 Newberry Crater, Orsgon
NEL - 48 04 41.8 12020177 1.490 Nelson Butte

NLO * 48 05 18.0 123 27 00.0 0.900 Nicolal Mt., Oregon
OBC 3 18 02 071 124 04 39.0 0.938 Olympics - Bonidu Creek
OBH 3 47 19 345 123 51 570 0.383 Olympics - Burnt Hill
oD2 - 47 23 27. 118 42 38.4 0.590 Odessa site #2

OFK b 4757 000 124 21 28.1 0.134 Olympics - Forks

OHW * 48 19 24.0 12231 548 0.054 Oak Harbor

ONR 3 46 52 37.% 1232 46 18.5 0.257 Olympics - North River
010} 4 3 47 44 120 124 11220  0.743  Octopus West

OSD . 47 49 15.0 123 42060 2.010 Olympics - Snow Dome
OspP 3 48 17 056 124 35 233 0.585 Olympics - Sooes Peak
OSR $ 47 30 203 123 57 420 0.815 Olympies Saimon Ridge
oT2 - 4643 17.0 119 14 G3.0 . New Othelio

OTR 3 4805000 124 20 3%.0 0.712 Olympies - Tyee Ridge
PAT - 45 52 50.1 116 45 40.1 0.300 Paterson

PGO 3 4528 000 12227 100 0237 Gresham. Orsgon
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continued
STA ¥ LAT LONG EL NAME
PGW . 17 49 188 122 35577 0.122 Port Gambie
PRO - 48 12 458 119 41 08.0 0.532 Prosser
RC1 416 56 80.0 119 26 0.0 0.500 Royal City {3-component)
RCS 48 52 158 12143520 2.877 Mt Rainter, Camro S-hurman
TEM 48 11 57.0 12211030 2.102 Rembrandt{Dor wauoni
RER 46 49 062 12130273 1.758 Mt Rainier. Emeraid Ridge
RMW . 47 27 349 121 48 19.2 1.024 Rattlesnake Mt. { West)
RPW . 48 28 54.0 121 30 49.0 0.850 Rockport
RSW - 46 23 28.2 119 35 18.2 1.037 Rattlesnake Mt {East)
RVC H 46 58 34.5 121 58 173 1.000 Mt. Rainier - Voight Creek
RVW * 48 08 58.2 122 44 372 0.460 Rose Valley
SAW - 47 42 06.0 119 24 03.8 0.690 St. Andrews
SEA 47 39 180 122 18 30.0 0.030 Seaule (Wood Anderson)
SEE 47 39 180 12218 300 0.030 Seattle Pseudo-WA (E)
SEN 47 36 18.0 122 18 300 0.030 Seattie Pseudo-WA (N}
SHW hd 48 11 33.0 122 14 120 1.423 M1, St. Helens
SMW . 47 19 102 123 20 30,0 0.840 South Mt,
SOS 3 46 14 38.5 12208 120 1.27 Source of Smith Creek
SPW * 47 33133 122 14 451 0.008 Seward Park. Seattle
STD $ 46 14 16.0 12213 219 1.2688 Studebaker Ridge
STW . 4809 029 123 40 131 0.308 Striped Peak
TBM - 47 10 10.1 120 35 54.0 1.064 Table Mt.
TCO H 44 06 27.0 121 36 00.0 1.978 Three Creek Meadows, Oregon
TDH $ 4517 23.4 121 47 25.2 1.541 Tom Dick,Harry Mt., Oregon
L $ 46 21 03.0 12212570 1.400 Tradedoilar Lake
TWW - 47 08 17.2 120 52 04.5 1.048 Teanaway
VBE H 4503 37.2 121 35 128 1.544 Beaver Butte, Oregon
VCR $ 44 58 58.2 120 50 17.3 1.015 Criterion Ridge, Oregon
VFP H 45 19 05.0 121 27 543 1.718 Flag Point, Oregon
VG2 3 4500 20.0 122 18 15.0 0.823 Goat Mt., Oregon
YGB H 45 30 56.4 120 48 39.0 0.729 Gordon Butte, Oregon
vIP $ 44 30 29.4 12037078 1.731 Ingram Pt., Oregon
VLL $ 4527 480 121 40 450 1.185 Laurance Lk., Oregon
VLM $ 45321856 12202210 1.150 Little Larch, Oregon
VTG - 46 57 28.8 119 59 14.4 0.208 Vantage
VTH H 45 10 52.2 120 33 40.8 0.773 The Trough, Oregon
WA?2 - 46 45 24.2 119 33 455 0.230 Wahiuke Siope
WAT - 47 41 550 119 57 15.0 0.800 Waterviile
WG3 - 46 01 43.0 118 51 240 0.480 Wallula Gap
WIW - 46 25 48.8 119 17 13.4 0.130 Wooded Island
WP2 H 4533 57.2 12247066 0.341 West Portland, Orec-
WPW 3 46 41 53.4 121 32 480 1.250 White Pass
WRD - 4658 11.4 11908 380 0.378 Warden
YAK - 48 31 158 120 31 45.2 0.61¢9 Yakima
YEL 46 12 35.0 12211 180 1.750 Yellow Rock., Mt. St. Helens
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FARTHQUAKE DATA

There were £31 events processed by the University of Washington digital recording seismic
network between Januarv 1 and March 31. 1990, Locations were determined for 424 of these in
“Washingon and Northern Oregon: 380 were classified as earthquakes and 64 as known or
suspected biasts. The remaning 207 processed events include teleseisms [ 107 events). reglonal
events outside the U, W. network (21). and unlocated events within the U W newwork. Unio-

cated events within the U W. network include very small earthquakes and some known blasws. For

example. only a few of the frequent mine blasts at Centralia are kept, and none are located.

Table 3 i1s the catalog of earthquakes and blasts located within the network for this quarter.
Fig. 2 shows all earthquakes with magnitude greater than or equal w0 0.0 (.\{C?_ 0.) Fig. 3 shows
blasts and probable blasts {M > 0.) Fig. 4 shows earthquakes located at Mt Rainier (M > 0]

Fig. 5 shows earthquakes located at Mt. St. Helens (M _> 0).

Western Washington and Oregon

During the first quarter of 1991, 324 earthquakes were located between 43.0° and 49.5°

north lautude and between 121" and 125° west longitude. Most of these occurred at depths less
than 30 km with, as usual. a small number of earthquakes in the Puget Sound lowland at depths

greater than 30 km.

During the first quarter. there were three small earthquakes reported felt in western Wash-
ingwon and Oregon. The first occurred on January 25 near Deming, Wa. This was a shallow (<5
km deep) event with a MC = 2.8. This area has experienced some of the most intense seismic
activity in the state the last few years, so earthquakes which are small are often reported. This
would explain why the very small earthquake on January 19 was aiso reported as having been [elt,

even though it had a magnitude of only 1.4. It occurred in the same place. and was also shallow.

The only other felt event occurred 28 km north of Portland, Oregon. [t was approximately 20

km deep. and had aM_ = 3.1. This event. like the previous events, caused no damage.
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Fastern Washington and Oregon

This quarter. there were 36 earthquakes located in Eastern Washington. For the first ume in
many quarters, the most notable acuvity was centered around the town of Enuat, Wa. This area
has experienced rather conuinuous acuvity for the last twenty vears. This quarter saw the first felt
earthquake in this area in {our years. when on March 28, a M: == 3.3 occurred. It was less than 2
km in depth. It caused no damage. One other earthquake was felt, this one 15 km north of the
wwn of Chelan, Wa. This event was a .\iﬁ == 3.1 on February 14, had a depth of 8 km. and caused

no damage either.

Mount Rainier Area

There were 48 events in the region near Mt. Rainier, as seen in Fig. 5. This i1s down from
the §7 events reported last quarter. primanly due w the fact that “clone” events ceased wo De
recorded and located. These low {requency, identical looking events which were reported last quar-

ter essentially stopped last November.

Acuvity at Mt. Rainier includes surface events {avalanches, ice quakes, etc.} and tectonic
earthquakes. Earthquakes in our catalog flagged with type "L” (for low frequency), are generally
surficial events. Shallow tectonic earthquakes have a higher frequency and a different source. The
number of events in close proximity to the cone of Mt. Rainier varies over the course of the year.
since the source of much of the shallow surface-type activity is ice movement or avalanching,

which is seasonal in nature.

Mount St. Helens Area

123 events were located at Mt. St. Helens this quarter. There were only two earthquakes
which had magnitudes greater that 2, the same as last quarter. This quarter. 33 earthquakes were
deeper than 4 km, and the rest were shallower. 4 km separates events in the very shallow crust

and volcanic =difice from those within the deeper magmatic system.

Like I uarter, there were two explosive events. The first occurred on February 5. and was

responsible for a plume of ash and steam w about 18,000 ft in altitude. Another explosion
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occurred on Februars 14 Ussed upon seismogram records. it was roughly the same size as the
February 3th event mthiouen no esumauon of plume size 1s available due to poor weather. Unfor-

tunately. these explosion: camaged two seismic stations. just hke those that occurred n the fall

This ume. station REM was damaged during the February 3 event. when the antenna was bent by

42 DTrIS. 10s

3

s brought back online on February 12, only w be damaged again on Febru-

1

tauon w
ary 14 [t was fixed again on February 24 Station GD N likewise. was lost during the February 14

event. (GDN is a USGS operated station and not telemetered to the University of Washington].

These events are among a family of small explesive events that have occurred on the dome
since August 1989, They are different than ‘eruptive’ episodes which have come to be associated
with magmatic material being extruded. ‘A‘hi;h are ‘constructive in the sense of adding material to
the dome. and which have a great deal of accompanying seismicity. {The last episode like this
occurred 1n 1986.) Since August of 1989, we have recorded these very unpredictable explosive
events. These are phreatic eruptions, have no precursory seismicity, are likely to recur, and can be

thought of as 'destrucuve’ in their ability to damage the dome.
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Earthquakes During the First Quarter, 1991
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Figure 2. Earthquakes located in Washington and northern Oregon with magnitudes greater
than 1.0. first quarter 1991. A square symbol indicates that an event located with a
depth greater than or equal to 30 km. Octagonal symbols are used for events shal-
lower than 30 km.
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INTRODUCTION

This 1s the second quarterly report of 1991 from the University of Washington Geophysics Program

ity of all of Washingion and northem Qregon. These comprehensive quarterlies have been

£«
<
o
[¢
3
o
551
v
[¢]
[

rroduced since the beginning of 1984, Prior 1o that we published quarterlies for western Washigton n
1983 and for eastern Washingion from 1975 to 1983, Annual reports covering seismicity in Washingon
since 1969 are available from the UMW, Geophysics Program. In collaboration with the University of
“Washington, the State Department of Natural Resources (DNR) has published catalogs of earthquake
acuvity in western Washington for the perniod 1970-1979. The DNR has published earthquake catalogs for
the whole state for the period 1980-1986.

This guanterly report discusses network operauons, sewsmicity of the region, and unusual events or
indings. This report s preliminary, and subject (o revision. Some earthquake locauons may be revised if
new data become available, such as P and S readings from Canadian seismic stations. Findings mentioned
in these quarterly reports should not be cited for publicauon. Fig. | is a map view of seismograph stations

now in operaton.

NETWORK OPERATIONS

Table | gives approximate periods of time when stations were inoperable. Data for Table | are com-
piled from weekly plots of network-wide teleseismic arrivals, plus records of maintenance and repair visits.
Fig. 1 shows a map view of statons operaung during the quarter.

There were no new stations added to the network this quarter. As reported last quarter, station YEL
was lost in a phreatic explosion. Another stauon, REM, was temporarily lost on February 5 during a simi-
lar event. The antenna was bent during the event, and was straightened on February 12, only to be dam-
aged again on February !4 during another explosion event. It was repaired again on February 24. It is not

clear whether staton YEL can be fixed safely, given the uncertain nature of these explosions.
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Washington Regional Seismograph Network

49.00

A NCO
A

HSO
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ADBG
43.00 - 43,00

123.00 117.00

Figure 1. Stations operating during the second quarter, 1991.
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TABLE 1
Station Qutages Ind quarter 1991

Staton
APW
ADW
GLK
HDW
JUN
MPO
MTM
OHW
OSR
REM
RER
RMW

TWW
VLL

Qutage Dates
March 21-End

Al penod

May {0-June 7

June Y-june 10

June 18-June 24:Dead
june ¥-End

June 19-June 261 Dead, Lightning?
Apnl 27-May |

May 24-early June
Aprd I-May 2

May 3-End

Apni 24-June 11

All peniod

Aprd 16-End

\prd [8-May 7

Comments

Statton removed duning excavauon work
Dead; reacuvaied nearby gravel pit
Dead

Dead: new VCO

Dead, cut cable

Dead, battenes

subcarmer dropped, fixed uself
Intermittent, fxed at TDL
Dead

Dead

Dead

Very noisy {generator noise?)
Dead, battenes
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STATIONS USED FOR LOCATION OF EVENTS

Table 2 lists stauons used in locaung seismic events in Washington and Oregon. Stagons marked by
an asterisk (*) were supported by USGS joint operating agreement 14-08-0001-A0622. Stations marked by
($) were supported by USGS contract 14-08-0001-A0623. (+) indicates support under Westinghouse Han-
ford Company Contract PMM-RJU-305. - All other stations were supported from other sources,

The first column in the table gives the 3-letter stauon designator. This is followed by a symbol
designaung the tunding agency, siation nc;nh latitude and west longiwde (in degrees, minutes and seconds),

station elevation in km, and comments indicaung landmarks for which stations were named.

TABLE 2

Stations Operating ut the End of the Second Quarter 1991
STA F LAT LONG EL NAME
APW » 46 39 06.0 122 38 51.0 0.457 Alpha Peak
ASR S 46 09 02.4 121 35 336 1.280 Mt Adams - Stagman Ridge
AUG 5 4544 100 121 40 50.0 0.865 Augspurger Mtn
BHW . 47 50 126 122 01 55.8 0.198 Bald Hill
BLN . 48 00 26.5 122 58 18.6 0.585 Blyn Mt
BOwW . 46 28 30.0 12313 410 0.870 Boistfort Mt
BPO 3 44 39 069 121 41 192 1.957 Bald Peter, Oregon
BRY + 3629 07.2 119 59 294 0.925 Black Rock Valley
BYW - 46 48 37.8 119 52 54.1 0.707 Beverly
CBs + 47 48 16.7 12002276 1.073 Chelan Buue, South
CDF b 46 06 58.2 12202 51.0 0.780 Cedar Flats
CMM 3 46 26 07.0 122 30 21.0 0.620 Crazy Man Mt
CMW hd 48 25253 122 07 084 1.190 Cultus Mms.
COwW 3 46 29 27.6 122 00 436 0.305 Cowlitz River
CPW . 46 58 25.8 123 08 10.8 0.792 Capitol Peak
CRF + 46 49 30.6 119 23 18.0 0.260 Corfu
DBO s 43 07 09.0 123 14 340 0.984 Dodson Buue, Oregon
DPW + 47 52 143 118 12102 0.892 Davenpon
DY2 + 47 59 06.9 119 46 130 0.884 Dyer Hill 2
EDM 46 11 50.4 12209 00.0 1.609 East Dome, Mt. St. Helens
ELK 3 46 18 20.0 12220270 1.270 Eik Rock
ELL - 346 54 35.0 120 34 06.0 Q.805 Ellensburg
EPH + 4721 12.8 119 35 46.2 0.628 Ephrata
ET3 + 46 34 37.0 118 56 11.0 0.305 Eltopia
ETW + 47 36 16.2 12019 516 1.475 Entiat
F1.2 3 4611470 12221010 1.378 Flat Top 2

MW * 46 55 54.0 121 40 192 1.890 Mt Fremont



FARTHQUAKE DATA

There were 707 events processed by the University of Washingion digital recording seismic network
tetween Apnl tand June 30, 1991, Locatons were determined for 467 of these in Washington and North-
63 were classilied as earthquakes and 104 as known or suspected blasts. The remaining 240
rrocessed events inciude weleseisms (130 events), regional events outside the U, W, network (27}, and unlo-
cated evenws within the U W, network. Unlocated events within the UW. network include very small
carthquakes and some known blasis. For example, only a few of the frequent mine blass at Centralia are

kept, and none are located.

Table 3 is the camlog of carthquakes and blasts located within the network for this quarter. Fig. 2

-nows all carthquakes with magnitude greater than or equal o 0.0 (M 2 0 Fig. 2 shows biasts and prob-

sble blasts (M 2 0.} Fig. 4 shows earthquakes located at Mt. Rainier (M 2 0). Fig. 5 shows carthquakes

focated at Mt St. Helens (M 2 0),

Western Washington and Oregon

During the second quarter of 1991, 306 earthquakes were located between 43.5° and 49.5° north lau-
tude and between 121° and 125° west longitude. Most of these occurred at depths less than 30 km with,
as usual, a small number of carthquakes in the Puget Sound lowland and near the Olympic Peninsula at
depths greater than 30 km.

During the second quarter, there was only one earthquake reported felt in western Washington and
Oregon. It occurred on May 15 (local tme) at a distance of 14 km SW of the summit of Mt. Rainer,
Washington. This event had a depth of 11.3 km and a M, = 3.0. This event was felt at Mt Rainier

National Park headquarters. There were no reports of damage.

FEastern Washington and Oregon
This quarter, there were 57 earthquakes located in Eastern Washington. Of these earthquakes, only
one was felt. This occurred on Apnl 14 (local time) near the town of Brewster, Washington. (Brewster is

located in Douglas County, approximately 35 km NE of Chelan). It was reported felt in both Brewster and
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s event had a shallow depth (<3 kmy and a M_ = 39, There were no reports of

One other event did occur which had @ M_ = 3.1, but was not reported felt. This occurred 17 km

cast of the summit ot Glacier Peak, an isolated region west of Lake Chelan. This would explain why 1t was

not reported felt. [t was shallow (<3km). Actuvity in this area is not considered unusual.

Mount Rainier Area

There were 42 events in the region near Mt. Rainier, as seen in Fig. 5. Of these, 14 were located in
what 1s called the "weswemn zone', a north-south wrending lineation of seismicity approximately 15 km west
of the summut of Mt. Rainer. The majonty of the events in the summit region are ice guakes. as they are
the result of glacial acuvity, and not tectonic in nature.

Activity at Mt. Rainier includes surface events (avalanches, ice quakes, etc.) and tectonic ecarth-
quakes. Earthquakes in our catalog flagged with type "L" (for low frequency), are generally surficial
events. Shallow tectonic earthquakes have a higher frequency and a different source. The number of events
in close proximity to the cone of Mt Rainier varies over the course of the vear, since the source of much

of the shallow surface-type activity is ice movement or avalanching, which is seasonal in nature.

Mount St. Helens Area

83 events were located at Mt St. Helens this quarter. This quarter, there were no earthquakes which
had magnitudes greater than 2. Of the total, 11 earthquakes were deeper than 4 km, and the rest were shal-
lower. This represents a decline in the rate below this depth, where 33 occurred last quarter nd 167 dur-
ing the fourth quarter of 1990. 4 km separates events in the very shallow crust and volcanc edifice from
those within the deeper magmatc system. This quarter saw no explosion events, which have been reported

since 1989,
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INTRODUCTION
This 15 the third quarterly report of 1991 from the University of Washington Geophysics Program
covenng seismicity of all of Washingion and northern Oregon, These comprehensive quarterlics have been

produced st

the beginming of 1984, Prior 10 that we published quarteriies for wesiern Washington in
1983 and {or sastern “Washington from 1975 0 1983, Annual repons covering seismicity in Washington
ance 1969 are avalable from the UW. Geophysics Program. [n collaboration with the University of
Washington, the State Department of Natural Resources (DNR) has published camlogs of carthquake
acuvity in western Washington for the period 1970-1979. The DNR has published earthquake catalogs for
the whole state for the period 1980-1986.

This quarterly report discusses network operauons. scismicity of the region, and unusual cvents or
indings. This report 1s preiiminary, and subject o revision. Some earthquake locations may be revised if
new data become avatlable, such as P and S readings from Canadian seismic stations. Findings mentioned
in these quarterly reports should not be cited for publication. Fig. 1 is a map view of seismograph stations

now in operauon.

NETWORK OPERATIONS

Table 1 gives approximate periods of time when stations were inoperable. Data for Table | arc com-
piled from weekly plots of network-wide teleseismic arrivals, plus records of mainicnance and repair visits.

Fig. | shows a map view of statuons operating during the quarter.

There were 5 new stations added to the network this quaner. All of them were added to the Oregon
region of the network. Stauon SSO was instailed on August 27, and is called Sweet Spnngs, Oregon. Sta-
tion FBO (Farmers Butte, Oregon) was installed on August 28. Station WMO (Whaleback Mountain, Ore-
gon) was installed on September 11. Station RNO (Roman Nose, Oregon) was installed on September 25,
(The first data from this station became available on October 1, however, due o telemeuy problems.)
Lastly, station TKO (Trask Mountain, Oregon) was installed to replace an existing station GRO which was
subject to continuous problems. This work was completed on August 15. These stations are supported by

USGS contract 14-08-0001-A0623.
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Washington Regional Seismograph Network
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Figure 1: Stations operaung at the end of the quarter, 1991

New stations are highlighted.
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TABLE 1

Station Outages 3rd quarter 1991
Stawon  Outage Dates Commenis
CMW luly 1-ulv 10 Dead: replaced almost enure sue
EPH July 12-July 19 Transmiter probiems
FRO Beguining 1o Aug 28 New station
L2 Sept 27-End Dead
GHW Aug 25 Sem 5 Dead
GRO Whole Penod Replaced on Aug {3 by KO
JUN July 10-July 13 Off center frequency
KOS Sept 11-Sept 14 Dead
Lo2 Dead
LON Dead
MCW Dead
MEW Dead
MIZ Imerference dead
OBH Juiy 31 Off center frequency
0oDp2 July 12-July 15 Problem at relay
POW julv 27-Aug 6.Aug 21-Sept 26 Dead
REM Seot 13-Lnd Dead
RNO Heguning to Sept 25 New stauon
RVC July &-July 22 Dead: no subcarmer
SSO Beginnung to Aug 27 Sept 8-Sept 9 New stauon, recv'r problem
TDH July 1-July 3 (Was dead all sccond quaner);fixed and convened to solar
TKO July 1-Aug 20 Replaced GRO
WMO Beginming to Sept 11 New stauon

WRD July 12-July 15 Problem at reiay

@)
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STATIONS USED FOR LOCATION OF EVENTS

oy

Table 2 lists stauons used in locaung seismic events in Washington and Oregon. Stations marked by
an astenisk (%) were supported by USGS joint operating agreement 14-08-0001-A0622. Stanons marked by
{72y were supported by USGS contract 14-08-0001-A0623. (+) indicates support under Westnchouse Han-
ford Company Contract PMM-RIU-305. All other stations were supported from other sources.

The tirst column in the wble gives the 3-letter stauon designator. This is followed by a symbol
designaung the funding agency, staton north lautude and west longitude (in degrees, minutes and seconds),

station elevauon in km. and comments indicating landmarks for ~bich statior-

TABY

Stations Operating at - ‘ .ard Quarter 1991
STA F LAT LOMNG EL NAME
APW . 46 39 06.0 122 38 51.0 0.457 Alpha Peak
ASR B 46 09 02.4 121 35336 1.280 Mt Adams - Stagman Ridge
AUG % 45 44 10.0 121 40 50.0 0.865 Augspurger Min
BHW hd 47 50 12.6 122 01 558 0.198 Bald Hill
BLN . 48 00 26.5 122 58 186 0.585 Blyn Mt
BOW . 46 28 30.0 123 13 410 0.870 Boistfort Mt
BPO % 44 39 06.9 121 41 192 1.957 Bald Peter, Oregon
BRV + 4629072 119 59 29.4 0.925 Black Rock Vailey
BVW - 46 48 378 119 52 54.1 0.707 Beverly
CBS + 47 48 16.7 12002276 1.073 Chelan Buue, South
CDF % 46 06 58.2 122 02 51.0 0.780 Cedar Flats
CviM a, 46 26 07.0 12230210 0.620 Crazy Man Mo
CMW hd 48 25253 122 07 084 1.190 Cultus Mins.
COwW % 46 29 27.6 12200436 0.305 Cowlitz River
CPW hd 46 58 25.8 12308 108 0.792 Capitol Peak
CRF + 46 49 30.6 119 23 180 0.260 Corfu
DBO L] 43 07 09.0 123 14 340 0.984 Dodson Butte, Oregon
Dpw - 47 52 143 118 12 10.2 0.892 Davenpon
DY2 + 47 59 06.9 1'% 46 13.0 0.884 Dyer Hill 2
EDM 46 11 50.4 ;.- 09000 1.609 East Dome, Mt. St. Helens
ELK s 46 18 20.0 122207270 1.270 Elk Rock
ELL + 46 54 350 120 C a 0.805 Ellensburg
EPH + 47 21 12.8 L1938 0.628 Ephrata
ET3 + 46 34370 118 56 1i.. 0.305 Eltopta
ETW + 47 36 16.2 120 19 51.6 1475 Entist
FBO % 44 18 356 122 34 402 1.080 Farmers Buue, Oregon
Fl2 % 46 11 470 12221010 1.378 Flat Top 2
FMW . 46 55 54.0 121 40 19.2 1.890 Mt Fremont
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FARTHQUARKE DATA

ey

There were 1010 cvents processed by the Universuy of Washingion digital recording seismic network
merween July ©oand September 30, 1991, Locatons were determined for 699 of these in Washington and
vorthern Oregon: 349 of these were classified as carthquakes and 150 as known or suspected blasts. The
remaiming 311 processed events include teleseisms (111 events), regional events outside the U, W, network
1010, and unlocated events within the U, W, network. Unlocated events within the U.W. network include
very small carthquakes and some known blasts. For example, only a few of the frequent mine blasts at

Centraha are kept, and none are located.

Table 3 is the cawalog of earthquakes and blasts located within the network for this quarter. Fig. 2

~

nows all cantnguakes with magmitude greater than or cqual to 0.0 (M > 0.) Fig. 3 shows blasts and prob-

»

aple blasts (M > 00 Fig. 4 shows carthquakes iocated at Mt Rainier (Mcz ). Fig. 3 shows ecarthquakes

focated at Mt St. Helens (MC?_- 0.

Western Washington and Oregon

During the third quarer of 1991, 465 earthquakes were located between 42.5° and 49.5° north lau-
tude and between 121° and 125° west longitude. Most of these occurred at depths less than 30 km with,
as usual, a smail number of earthquakes in the Puget Sound lowland and near the Olympic Peninsula at

depths greater than 30 km.

Duning the third quarter, there were five earthquakes reporied felt in western Washington and Ore-
gon. Two of them occurred 23 km West- Northwest of Portland, Cregon. The first occurred on July 22, and
had a M_ = 3.5, and had a depth of approximately 20 km. This event was reported felt from the town of
St Helens o as far south as Salem. The second earthquake occurred only seven minutes later, and had a
Moo= 2.2, with a similar depth. This was reported felt only in Portland. Neither of these caused any dam-
age. These two events were part of a cluster of activity that started on July 17, with the number of events
during the quarter finally totalling 26. The Portland basin is an area of known activity and has had many

carthquakes in the past. This area is like other areas in Puget Sound where clusters of earthquakes with low

magnitudes occur in the shallow crust and last for only a few weeks.
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On July 25.a M = 22

i

carthguake occurred 12 km south of Bremerton, Wash, It was reported telt
throughout Kitsap County, and had a depth of 25 km. There was no damage associated with this event. The
last carthquake to be discussed 1n this secuon (See Mi. Rainier sccuon for felt event informaton for an
event in ML Ranter Nauonai Park) occurred on September 15 in the San Juan Islands. It was a M= 3.0
cvent and was telt on Oreas I[sland, Wash. This event was 34 km Norheast of Viciona., B.C., and was
approximately 15 km deep. It caused no damage.

There was a cluster of earthquakes near Mt. Hood during the quarter, with all 12 of them occurnng
on August 18. All of them were quite small. with magnitudes less than 1.5. None of these were felt. This
type of activity 1S consistent with patterns of activity at Mt. Hood, with shallow acuvity occurning for just

one to a few days.

Eastern Washington and Oregon

During this quarter, there were 84 earthquakes located in Eastern Washington. None of these carth-
quakes were felt. The most significant activity was a cluster of earthquakes approximately 16 km East-
Southeast of Ellensburg, on the east end of the Kittitas Valley. There were a total of 29 earthquakes during
the quarier in this area, with the largest being a M_ = 3.4 on July 6. All of these events were shallow (less
than 10 km). Elsewhere. activity was normal, with the usual seismicity (totalling ten events) near Enuat

Wa.

Mount Rainier Area

There were 83 events in the region near Mt. Rainier, as seen in Fig. 5. Of these, 17 were located in
what is called the "western zone’, a north-south trending lineation of seismicity approximately 15 km west
of the summit of Mt. Rainer. There was one earthquake reported felt by personnel working at the Ranger
station within the park. [t occurred on July 29, was a MC = 2.3, and located approximately 8§ km deep.

This was located under the cone of Mt. Rainier, where activity of this type is not unusual.

Acuvity at Mt Rainier includes surface events (avalanches, ice quakes, etc.) and tectonic earth-
quakes. Earthquakes in our catalog flagged with type "L" (for low frequency), are generally surficial

events. Shallow tectonic earthquakes have a higher frequency and a different source. The.number of events
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7oCiose proximily (o oo cone of Mu Rauer vanes over e course of the vear, since the source oF mueh

swosurface-type acuvily s ice movement of avalanching, which is seasonal in nature,

Mount St. Helens Area

102 events were located at Mt St Helens this quarter. The largest event had o M = 1.8 and

oceurred on Septembper 10. Of the total, 27 carthquakes were deeper than 4 km, and the rest were shal-
lower. The rauo between the ‘deeper’ and ‘shallower’ evenis conunues to fluctuate, with the number of
deeper events greater this quarter than last quarter. There seems to be no particular imponance associated

with this observaton dunng the last tew years.
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Washington and Oregon Earthquakes
Third Quarter, 1991
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Figure 2: Earthquakes located in Washington and Northern Oregon with
magnitudes greater than 1.0, third quarter, 199, A square - -+ iyl
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