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Cover illustration 
Relative historical (1841-1994) seismic moment release in Ore

gon. The highest peaks represent the moment release by the state's 
largest earthquakes including the 1873 and 1936 Milton-Freewater 
earthquakes; the Portland region, site of the 1962 earthquake; and the 
1968 Adel epicentral area. The peak for the 1873 Crescent City earth
quake has been truncated: It should be 16 times higher than the 
1993-1994 I\.lamath Falls peak. Illustration by Doug Wright. Related 
article on Oregon's earthquake history begins on page 125. 

Summary of 1995 State legislation 
by Donald A. Hull, Oregon State Geologist 

The 1995 Oregon Legislature passed several bills that 
may be of interest to geologists and geotechnical engineers. 
These bills reflect concerns about the impact of geologic 
hazards, particularly tsunamis, and the public practice of 
geology by registered professional geologists and certified 
engineering geologists. A total of 14 bills dealing with seis
mic and related hazards were considered by the Legislature. 

The growing awareness that Oregon faces large subduc
tion zone earthquakes and resulting tsunamis has led to the 
fonnulation of strategies to mitigate risk to people and prop
erty. In the recent regular session of the Legislature two bills 
were passed to assist in the mitigation of tsunamis. Senate 
Bill 378 introduced by Portland Senator Ron Cease requires 
coastal schools to provide tsunami training and evacuation 
drills in grades kindergarten through eight. Senate Bill 379, 
also introduced by Senator Cease. will limit the construc
tion of new essential facilities such as schools, hospitals and 
fire stations in the zone of ex-pected tsunami inundation along 
low-lying portions of the Oregon coast. The legislation pro
..ides exceptions and exemptions for certain local communities 
and districts with boundary or topographic constraints. The 
bill includes a consultation process with the Department of 
Geology and Mineral Industries (DOG AMI) to evaluate al
ternative sites for the facilities that fall under the siting pro
visions. DOGAMI will propose a tsunami inundation line 
for the purposes of the act in formulating administrative 
rules to implement SB 379. The line will not necessarily be 
appropriate for other applications. 

House Bill 2095 limits the practice of engineering geol
ogy to certified engineering geologists. Introduction of this 
bill reflected a concern that uncertified individuals were en
gaged in engineering geologic work. Another measure that 
relates to professional practice is HB 2135, which adds neg
ligence to the activities such as incompetence, misconduct. 
or gross negligence for which professional registration can 
be suspended or revoked. This bill also gives the Board of 
Geologist Examiners the authority to reprimand a regis
trant who is found to be negligent. 

Senate Bill 132 increases the membership of the Oregon 
Seismic Safety Policy Commission by adding a representa
tive from Metro. the Portland regional government a re
searcher on seismic issues from higher education. a repre
sentative of the commercial building owners and managers, 
and a member of the public at large. 

A bill of possible future importance with respect to seis
mic hazards is HB 3087. which deals with licensing of hy
droelectric facilities. The legislation provides for a hydro
electric task force, including a representative of DOGAMI. 
to develop recommendations for standards. The purpose of 
DOGAMI participation is to call attention to seismic haz
ards and design factors as privately operated hydroelectric 
dams are evaluated for relicensing. 0 
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Eyewitness repon Tsunami at Crescent Crty, California, after the 1964 earthquake In Alaska 

Crescent City's destructive horror of 1964 
71w I'Je Il' of the tn/al waI'e from the lighthouse as described by Pegg)' Coons. curator of Battery Pornt Ughtho u,l'e III 196.1. 
Heprll1te(/ here wllh perllllssiOIl from tile Del Norte H,storical Society files. 

Good Friday. March 27th , 1 96~ , thc morning was mild . 
Thc tradc winds that prc\'lIil along thc Pacific Coast had 
subsidcd. Litt lc did I realize, as my husha.nd Ro.xey and I 
wcnt about our chores at thc lighthouse, that before thc ncxt 
day had dawncd hi gh 011 Bancry Island. wc would watch 
fOllr wavcs play havoc wit h thc town and its peoplc. smash
ing thc cit~ 's busincss ccntcr lIlong with somc ofthc beach 
front hOlllcs in Crcscent City. CA. lind wc would hllvc a 
spectacular vicw of thc whole performancc. And as curators 
hcrc <l tthc lighthouse wc would be called on by frie nds and 
tourists alikc to rcli,'e this one night of horror almost c,'e!)' 
da~' sincc 

Pcrhaps I should stop to cxpla in that Banc!), Island , 
three hundred yards from thc mainland, is solid rock atthc 
basc and about th rcc quancrs of an acrc, fifty-cight fecI at 
thc highcst point ncar the nagpole, Thc lighthouse. com
pletcd in 1856. is 7~ fect abo"e mean sea levcl. Thc only 
acccss to this Historic.11 Monumcnt is walking across thc 
ocean noor at low tidc. 

We spent thc ca rly pan of thc day plant ing a ga rden . 
Frida~ was our shore leave, so we crossed \0 Ihc mainland 
at threc 0 'clock to shop for Easter. L.1 te that evcning we 
stnlggled back across the rocky ocean noor wit h our sup
plics and stopped to rcst before climbing another two hun
drcd yards [0 thc lig illhousc . E.x hausted. we turned in 
shonly aft er ninc o ·clock. unaware an ean hquakc and tidal 
wa,·c had dC\'astatcd Alaska. 

Wc might ha,'c slcpt through the whole thi ng if I hadn 't 
galien up to go to thc b.a throom a little beforc midnight. I 
stood at the window. a full moon shining on the watcr be
low me. Somehow thc fi rst moment I saw the ocea n I 
sensed somct hing was wrong, fo r all thc rocks around thc 
isla nd had disappeared. They werc covered with water. I 
rcal ized it was almost time for high tidc. bul the rocks arc 
alwa~ s " isible e"cn in thc sel'erest of storms. Suddcnly I 
becamc alarmed and called Roxey. We quickly slipped on 
some clothes. nlshcd down thc stairs, and grabbed Ollr jack
cts as we ran oUlside. 

The ai r was still , thc sky had a n unusual brightncss 
about it. It was light as day. The water shimmering in thc 
moonlight was high over thc outer breakwatcr. We hc.:1dcd 
for the highest point ovcrlooking the 10WII . The fi rst wavc 
was just reaching the town. Giant logs. tfees and othcr de
bris werc pitching and churn ing high 01\ the crest of the 
watcr as it raced into thc clly. "My God. no!" I cried ... It 
will nood the town." 

As thc impact began. thc loud blast of brC<lking glass and 
splintcring wood rcached us. bui ldings cnullpled, cars ovcr-

DOGA,\I/ .\·tnff IIIPlllhpr ,\/eI.l Jel lI imB" rec(!lII~v I'M'IIe(1 
Crescellt OW, (,altforllla. ,vote SI!!II II/(/icmmg IIIRlt-wmer 
/inefrom 196./ ISIIIWIIII. 

turncd, some smashed through plate glass 'Iindows. Ilhilc 
the water plowed down thc strects. Within minutes the Ila
ter ellille back just as fa st as it had gonc in. bri nging all 
manner of things with il . It drai ned awa~ '1 1th tcrnfi c 
speed. Thc whole beach front was strC\l n wllh logs. C;lrS, 
buildings. trash of evc!)' descript ion. Somc of the fi shing 
boats wcrc tossed high on the land, ot hcrs driftcd to se;1 A 
few ca rs and two small buildings that were slI ept off Citi 
zen 's Dock nomcd away wi th thc water. Thc watc r wa s 
gone. We could sec it piling up a half mi le or morc beyond 
the end of the oUler breakwater. higher and highcr as thc 
minutes passed. 

We stood thcrc stunned wi th fri ght for we knew there 
was no way out of herc If the watcr camc [hiS high. The 
lighthouse. serenc in thc moonlight. had been ballered \l uh 
se"erc storms for over a CClllury: could it protcct us nOli ? 
We have Jivcd on the island SHlce 1962 and \latched the 
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storms come and go. but this was unlike anything we had 
e,er experienced. The light flashed in the tower. We knew 
we would have to notify the Coast Guard if there was any 
failure or discrepancy in it. I don't know how long we stood 
there for we were just too frightened to move, when the sec
ond wave churned swiftly by us. gobbling everything in its 
wake. It picked up all the ruins along the beach front and 
shoved them right back into town. It didn't seem as large as 
the first one to us. but it caused considerable damage. Some 
of the lights faded out along Front Street. As the backflow 
began we raced frantically around the place, watching the 
water drain from the bay. We glanced at the tower: the light 
\.\as still flashing. 

We watched the Coast Guard Cutter, a big lumber tug, 
and some of the fishing boats that had received warning 
and left the harbor riding the tides a good three miles or 
more off shore. We were getting more frightened now, for 
the water had receded farther out than before. We knew it 
had to come back, but when? We screamed at one another 
in our fright, wondering if it would ever stop, for there was 
an ominous stillness about it, warning us of more to come. 

As the third wave raced swiftly by us, it was much larger 
than the second, a horrifying thing, crushing everything in 
its path. When it reached the south end of town, sparks 
started flying in the air, igniting a fire. It spread rapidly, 
lighting up the water and sky around the bay. All of the 
lights faded out along Highway 10 1. 

The water withdrew suddenly, as though someone had 
pulled the plug out of the basin. The water was here, then 
gone. We ran around the lighthouse again wondering if we 
were safe. We kept anticipating something more violent 
would happen, for the water had receded far out, three 
fourths of a mile or more beyond the end of the outer break
water. We were looking down as though from a high moun
tain into a black abyss of rock, reefs. and shoals, never ex
posed e,en at the lowest of tides. A vast labyrinth of caves, 
basins and pits undreamed of in the wildest of fantasy. 

In the distance a dark wall of water was building up 
rapidly. so the Coast Guard cutter, the lumber tug, and 
small craft appeared to be riding high above it, with a con
stant flashing of white at the edge, as the water kept boiling 
and seething, caught in the rays ofthe moonlight. The basin 
was dry. At Citizen's Dock the large lumber barge, loaded 
with millions of board feet of lumber, was sucked down in 
the bay. The fishing boats still in the small craft harbor, 
were pulled down on the floor of the ocean. We clung to one 
another. asking God to have mercy on us. We prayed for the 
town and its people. We realized the water would return 
with more destruction to follow. We kept straining our
selves trying to visualize what would happen next, while 
the water piled higher and higher in the distance. 

Suddenly there it was, a mammoth wall of water barrel
ing in toward us. a terrifying mass of destruction, stretching 
from the floor of the ocean upwards: it looked much higher 
than the island. black in the moonlight. 

Roxey shouted, "Let's head for the tower." It was too 

late. As we turned toward the tower. he yelled. "Look out!" 
We both ducked. It struck. split and swirled around both 
sides of the island with such speed we felt like we were 
sailing right along with it. It took several minutes for us to 
realize the island hadn't moved. It crashed the shore. pick
ing up the driftwood logs and other debris lodged in our 
roadway and along the beach front. It looked as though it 
would push them on the pavement at the end of A street 
leading past the Seaside HoPeninsulaal. Instead it shoved 
them around the bank and over the end of the outer break
water. Through Dutton's Lumber Yard it tossed big bundles 
of lumber. some splitting up with planks like matchsticks 
flying in the air. while others sailed gracefully away. The 
water overflowing Dutton's Dock was high above it. At Cit
izen's Dock, the large lumber barge loaded with lumber came 
up and sat on top of the dock. The dock humped up. then re
laxed right off its pilings. The fish storage houses. on the fish 
wing, were dancing around in the fury. The fishing boats 
still at their moorings were bobbing around like corks. 
Some sank right where they were. while others flew onto 
the beach, while others came out, careened about, and flew 
on the other side of the bay. One boat took off up Elk Creek 
at the end of town as though someone was at the helm. 

When the tsunami assaulted the town it was like a vio
lent explosion, a thunderous roar mingled with all the con
fusion. Everywhere we looked, buildings, boats, lumber, ev
erything was shifting around like crazy. The whole front of 
town moved, changing before our eyes. By this time the fire 
had raced across the water to the ruptured Texaco Bulk 
tanks: they started exploding one after the other. The whole 
sky lit up. It was fantastic. 

As the tide turned it was sucking everything back with 
it: cars, buildings were moving seawards. The old covered 
bridge, from Sause Fish Dock, that had floated high on the 
land, came back to drop almost in place. Furniture, beds, 
mattresses, TVs, radios, clothing, bedding, and other ob
jects were moving by us so fast we could barely discern 
what some of it was. A siren was blowing. There were 
lights now in the front of town or along Highway 101. The 
light in the tower continued to burn. The block on this end 
of town near the Seaside HoPeninsulaal was unharmed. 

Across the bay the fire was still raging higher and higher 
as each tank exploded. Time passed quickly, for everywhere 
we looked was a shambles; houses, buildings, lumber, 
boats, all smashed or moved blocks from where they had 
been by the onrush of water. 

The fifth wave rushed swiftly by us back into town. It 
just pushed things around. We could observe no noticeable 
damage this time, but off and on the rest of the night the 
water kept surging in and out and slopping around in the 
harbor. At daybreak we made coffee and fixed our break
fast, but we kept checking each change of the tide. We had 
never seen so many in our knowledge of the sea. The boats 
continued to ride the surf offshore, waiting for another big 
one. A fishing craft careening around in the harbor finally 

(Continued on page 140, Crescent City) 
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A look back at Oregon's earthquake history, 1841-1994 
by Ivan G. Wong and Jacqueline D.J. Bott, Woodward-Clyde Federal Services, 500 12th Street, Suite 100, Oakland, 
California 94607 

ABSTRACT 
More than 6,000 earthquakes, the vast majority smaller 

than local (Richter) magnitude (ML) 3, have occurred in 
Oregon dating back to 1841. About 75 percent of these 
events have been recorded since March 1993 as part of the 
1993-1994 Klamath Falls and 1993 Scotts Mills sequences. 
The state's largest earthquakes have been the 1873 ML 6% 
Crescent City, 1936 ML 6.1 Milton-Freewater, 1962 ML 5\;2 
Portland (epicenter actually in Vancouver, Washington), 
1993 ML 5.6 Scotts Mills, and 1993 ML 5.9 and 6.0 Kla
math Falls earthquakes. Significant historical seismicity 
has also occurred near the town of Adel in south-central 
Oregon in 1968 and in the Deschutes Valley in north
central Oregon in 1976. Persistent areas of seismicity have 
been the Portland region, probably the state's most active, 
and the Pine Valley graben-Cuddy Mountain area near the 
Oregon-Idaho border. Because the historical record for Ore
gon is so brief, the earthquake potential of the state has not 
been fully revealed. Recent and future paleoseismic studies 
have and will likely show that the state was shaken by pre
historic crustal earthquakes up to ML 7+ in many more ar
eas than was previously believed. The damages from the 
moderate-size 1993 Klamath Falls and Scotts Mills main 
shocks indicate that compared to larger but more distant 
earthquakes occurring within the Cascadia subduction 
zone, shallow crustal earthquakes may pose the greatest 
hazard to the Willamette Valley and eastern Oregon. 

INTRODUCTION 

A look back at 1993 reveals that it was one of the most 
significant years in terms of seismic energy release in Ore
gon based on the state's brief historical earthquake record 
which dates back to 1841. This 1993 energy release was 
dominated by the very active Klamath Falls main shock
aftershock sequence, which began in late September and 
was highlighted by events ofML5.9 and 6.0 and, to a lesser 
extent, the March 25 ML 5.6 Scotts Mills earthquake. A 
heightened interest in seismic hazards in Oregon in the past 
decade has led to increased interest and involvement in 
earthquake research and has resulted in a greater under
standing of Oregon's seismic potential, particularly that of 
the Cascadia subduction zone!. In this paper, we review the 
state's historical seismicity and some recent research on 

some of its most significant events and discuss their impli
cations for future earthquake occurrence. Because very few 
earthquakes are known to have occurred in the Cascadia 
subduction zone2 beneath westernmost Oregon. our review 
focuses on seismicity generated by faults located within the 
North American crust beneath the state. 

Three previous significant studies have provided the ba
sis for constructing the historical earthquake record of Ore
gon: a compilation by Holden (1898) for the Pacific Coast 
and the period 1769-1897; the well-known Townley and 
Allen (1939) catalogue, also for the Pacific Coast 
(1769-1928); and an Oregon catalogue by Berg and Baker 
(1963) for 1841-1958. Subsequent efforts by the National 
Earthquake Information Center (NEIC), the University of 
Washington (UW), Oregon State University (OSU), and 
Woodward-Clyde Consultants have further refined the 
state's historical record. 

A historical earthquake record usually provides the sole 
basis for assessing earthquake frequency or recurrence in a 
region, which is crucial in evaluating seismic hazards on a 
probabilistic basis. However, a significant aspect of histori
cal records in the western United States, including Califor
nia, is that they are all very brief in the context of geologic 
time. The frequency of large earthquakes occurring on a 
particular fault in the western United States can range from 
a few hundred to more than 100,000 years: so observing an 
earthquake from a specific seismic source in a period of 154 
years is, more often than not, fortuitous. Hence the histori
cal record seldom totally reveals a region's full seismic po
tential. This is where the relatively new science of paleo
seismology3 has become so very important in extending the 
earthquake history of a region back into prehistoric times. 
Significant advancements in the instrumental detection of 
"microearthquakes" (events smaller than ML 3), which are 
much more frequent than larger events, have also provided 
important information on previously unknown seismic 
sources. Such sources would likely have gone undetected 
without the use of sensitive instruments and expanded seis
mographic coverage. 

PREHISTORIC EARTHQUAKES 

In the past decade, geologic evidence has been mounting 
that great megathrust earthquakes have repeatedly occurred 

I The region encompassing the boundary between the descending or subducting Juan de Fuca (oceanic) plate (or the Gorda plate at the southern end) and the 
overlying !\orth American (continental) plate. The zone stretches for a distance of 1,000 km from northwest of Vancouver Island in British Columbia southward to 
Cape Mendocino in northern California. 

, Two types of earthquakes have occurred and can occur within the Cascadia subduction zone: (I) great "interplate" events of moment magnitude (Mw) 8 and larger 
which rupture along the megathrust boundary between the two plates and (2) "intraplate" events which rupture within the subducting plate. An example of the latter 
includes the 54-km deep 1949 magnitUde 7.1 Olympia. Washington. earthquake. 

3 Geologic studies of prehistoric earthquakes through evaluating their surface faulting effects or their impacts on the environment (e.g., liquefaction features. 
tsunami deposits. buried marshes. etc.). 

OREGON GEOLOGY, VOLUME 57, NUMBER 6, NOVEMBER 1995 125 



within the Cascadia subduction zone beneath the coasts of 
Oregon and Washington. The evidence has been developed 
from a variety of studies (Rogers and others, 1991; Atwater 
and others, 1995), but the most convincing has been the 
discovery of multiple buried soils in coastal intertidal low
lands (e.g., Atwater, 1987, 1992; Darienzo and Peterson, 
1990). The presence of these soils suggests that these areas 
have been subjected to sudden subsidence resulting in sub
mergence of the land surface. The most plausible explana
tion for these observations is that large megathrust earth
quakes have ruptured the Cascadia subduction zone, which 
resulted in coastal subsidence. 

Multiple lines of evidence including buried peats, 
tsunami sands, and trees killed by salt-water inundation 
have been observed at several locations along the Oregon, 
Washington, and northern California coasts. This evidence 
also indicates the date of the most recent subduction-zone 
earthquake to be about A.D. 1700 (Atwater and others, 
1995). Possibly the most dramatic evidence for this earth
quake is the recent discovery by Satake and others (1995) 
that a 2- to 3-m-high tsunami reached the shores of Japan 
on January 27-28, 1700. On the basis of the historical ac
counts of the event and computer modeling, these authors 
believe the tsunami was the result of an earthquake of about 
moment magnitude (Mw)4 9 that ruptured the Cascadia 
subduction zone at about 9 p.m. on January 26. The size 
of the event implies that most, if not all, of the subduc
tion zone was ruptured. Because of the difficulties and 
uncertainties in dating deposits in the coastal marshes, 
the ages of earlier events are not as well known. The avail
able data indicate, however, that large earthquakes appear 
to have struck the Pacific Northwest coast at intervals rang
ing from a few centuries to about 1,000 years (Atwater and 
others, 1995). 

HISTORICAL RECORD AND EARTHQUAKE 
DETECTION 

The time span covered by the historical earthquake 
record can be divided into pre-instrumental and instrumen
tal periods. Prior to adequate seismographic coverage, the 
detection of earthquakes was generally based on human ob
servations and reported effects. This capability is strongly 
dependent on the geographic distribution and density of 
population. Both have generally increased with time in 
Oregon. The Modified Mercalli (MM) intensity scale, de
scribed in Table 1, is the best known of several attempts to 
quantify earthquake effects. Written documentation of pre
instrumental observations, particularly for events from be
fore the turn of the century, is crucial in piecing together the 
historical record. Oregon, like of much of the western 

4 The moment magnitude scale has become the scale of choice among seis
mologists because it is based on seismic moment and is the best measure of 
earthquake size. Seismic moment is a function of the area of the fault which 
ruptures, the average displacement on the fault, and the shear modulus, a pa
rameter which is related to the rigidity of the rocks in the fault zone. The 
units of seismic moment are dyne-cm (grams-cm'/sec') 

Table 1. Abridged Modified Mercalli intenSity scale. 
Equivalent Rossi-Forel (RF) intensities in parentheses 

Not felt except by a few under especially favorable circum
stances. (RF I). 

II Felt only by a few persons at rest, especially on upper floors of 
buildings. Delicately suspended objects may swing. (RF I-II). 

III Felt quite noticeably indoors, especially on upper floors of 
buildings, but many people do not recognize it as an earthquake. 
Standing motorcars may rock slightly. Vibration like passing of 
truck. Duration estimated. (RF III). 

IV Felt indoors by many, outdoors by few during the day. Some 
awakened at night. Dishes, windows, doors disturbed; walls make 
creaking sound. Sensation like heavy truck striking building. 
Standing motorcars rocked noticeably. (RF IV-V). 

V Felt by nearly everyone, many awakened. Some dishes, win-
dows, and other fragile objects broken; plaster cracked in a few 
places; unstable objects overturned. Disturbances of trees, poles. 
and other tall objects sometimes noticed. Pendulum clocks may 
stop. (RF V-VI). 

VI Felt by all, many are frightened and run outdoors. Some heavy 
furniture moved; a few instances offallen plaster and damaged 
chimneys. Damage slight. (RF VI-VII). 

VII Everybody runs outdoors. Damage negligible in buildings of 
good design and construction; slight to moderate in well-built or
dinary structures; considerable in poorly built or badly designed 
structures; some chimneys broken. Noticed by persons driving 
cars. (RF VIII). 

VIII Damage slight in specially designed structures; considerable in 
ordinary substantial buildings with partial collapse; great in 
poorly built structures. Panel walls thrown out offrame structures. 
Falling of chimneys, factory stacks, columns, monuments, walls. 
Heavy furniture overturned. Sand and mud ejected in small 
amounts. Changes in well-water levels. Persons driving cars dis
turbed. (RF VIII + to IX). 

IX Damage considerable in specially designed structures, great in 
substantial buildings; with partial collapse; well-designed frame 
structures thrown out of plumb. Buildings shifted offfoundations. 
Ground cracked conspicuously. Underground pipes broken. (RF 
IX+). 

X Some well-built structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. 
Rails bent. Landslides considerable from river banks and steep 
slopes. Sand and mud shifted. Water splashed. slopped over banks. 
(RF X). 

XI Few, if any, [masonry 1 structures remain standing. Bridges de-
stroyed. Broad fissures in ground. Underground pipelines com
pletely out of service. Earth slumps and land slips in soft ground. 
Rails bent greatly. 

XII Damage total. Waves seen on ground surface. Lines of sight and 
level distorted. Objects thrown into the air. 

United States, was sparsely populated in the 1800s, and 
thus the detection of pre-instrumental earthquakes has been 
of variable completeness as described below. 

Comprehensive and recoverable written documentation 
of historical events did not begin in Oregon until about the 
1840s. This was about 35 years after the Lewis and Clark 
expedition reached the Pacific coast at the mouth of the 
Columbia River and opened up the Pacific Northwest to set-
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tIement from pioneers traveling the Oregon Trail. Oregon's 
first towns were established principally west of the Cas
cades. including Salem in 1844, Portland around 1845. 
Roseburg in 1851, Eugene in 1852, Coos Bay in 1854, and 
Medford in 1883. In central and eastern Oregon, settlement 
began later: Pendleton in 1851. The Dalles in 1857. Baker 
and Klamath Falls in 1866, and Burns and Lakeview in 
1884. The publication of newspapers, which are a major 
source of documentation, began soon after the establish
ment of these major towns. Based on this population growth 
and distribution, we estimate that the pre-instrumental his
torical record for earthquakes of ML ~5.0 is complete for 
western Oregon since about 1850 and for most of eastern 
Oregon since around 1890. 

Although seismograph stations were established in the 
Pacific Northwest as early as 1906 in Seattle. adequate seis
mographic coverage of Oregon. at least for smaller events 
(ML :0:4 to 5), did not begin until 1979. when the UW ex-

panded its regional network into northwestern Oregon 
(Figure 1). Few stations operated in Oregon before this 
time. The seismograph station at OSU in Corvallis (COR) 
appears to have been the first station installed in the state 
in 1946. 

In 1962, stations at Klamath Falls (KFO) and Pine 
Mountain (PMT) were also installed by OSU together with 
the Blue Mountains Seismological Observatory (BMO). 
originally a 10-station array operated by Teledyne Geotech 
Corporation and transferred to the U.S. Geological Survey 
(USGS) in 1966 (Figure 1). The Longmire (LON) station in 
Washington. installed in 1958. became part of the World
wide Network of Standard Seismograph (WWNSS) stations 
in late 1962 as did COR. Both stations have been signifi
cant in recording some of Oregon's larger events. We esti
mate the level of detection from the late 1920s to 1962 was 
about ML 4 in western Oregon and ML 5 in eastern Oregon. 

The most significant improvement in instrumental mon-
itoring of Oregon's earthquakes was the in

124" 122" 120" 118" stallation of stations by Uw. By 1980. five 
UW stations were operating in northern
most Oregon. Today, 44 stations are ope rat -
ing in the state, including those operated by 
UW. OSU. Boise State University (BSU). 
and the University of Oregon (UO) (Figure 
1). The current detection threshold in 
northwestern and north-central Oregon is 
about ML 1.5 to 2.0 (T. Yelin, USGS. per
sonal communication. 1994). Small
magnitude seismicity in much of eastern 
Oregon. however. remains relatively un
monitored, with the exception of the north
ernmost portion of the state adjacent to the 
Columbia Plateau and the area around Hells 
Canyon that is being monitored by BSU 
(Figure 1). 
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Figure I. Historical seismographic coverage of Oregon. Stations or net
works are represented by open triangles. Abbreviations for these: BA10 = 

Blue Mountains Seismological Observatory; COR = Corvallis: FMC = Four
mile Canyon; KFO = Klamath Falls: LON = Longmire; .\1FW = Milton
Freewater: PMT = Pine Mountain; PNO = Pendleton; PTD = Portland. Peri-
ods of operation are also shown. Unlabeled stations are part of the University 
of Washington network, which was initially installed in Oregon in 1979. 
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The improvement in earthquake detec
tion is dramatically illustrated in Figure 2. 
From 1841 to the mid-1960s. fewer than 
five earthquakes per year were typically 
recorded in the state, with many years hav
ing no known events. As the UW network 
expanded, the number of recorded and lo
cated earthquakes (principally mi
croearthquakes) increased exponentially. 
culminating in the year 1993 when more 
than 2,500 events were recorded. most of 
which were aftershocks of the Klamath 
Falls and Scotts Mills main shocks. In 
1994, more than 2.100 earthquakes were 
recorded and located as Klamath Falls af
tershocks continued to occur but at a 
steadily decreasing rate. 

The historical catalogue for Oregon from 
1841 through the end of 1994 contains 
more than 6.000 earthquakes ranging in 
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Figure 2. Histogram of recorded and located earth
quakes in Oregon, 1841 through 1994. The dramatic in
crease in seismicity in 1993-1994 was due to the Klamath 
Falls sequence. 

size from less than ML 1 up to 6%. Data sources for this 
catalogue include compilations from Townley and Allen 
(1939); Berg and Baker (1963); the Decade of North Amer
ican Geology (Engdahl and Rinehart, 1988); NEIC; UW; 
Woodward-Clyde Consultants; and BSU (e.g., Zollweg and 
Wood, 1993). 

Within the historical catalogue, a range of magnitudes 
assigned to a single earthquake is not unusual. For exam
ple. the 1962 Portland earthquake has been assigned values 
of ML 5.0 to 5.5 and Mw 5.2 (Bott and Wong, 1993). In 
addition to the existence of several magnitude scales. differ
ences in instrumentation and seismic-wave travel-path ef
fects between events and their recording stations can lead 
to different magnitude estimates for the same earthquake. 

SIGNIFICANT HISTORICAL EARTHQUAKES 

The first earthquake in Oregon's historical record was 
felt with a maximum intensity of MM III and occurred at 
4:00 p.m. on December 2, 1841, near Fort Vancouver along 
the Oregon-Washington border (Berg and Baker, 1963). 
The first known earthquake in the eastern half of the state 
reportedly occurred near Umatilla on March 6, 1893 
(Figure 3a). This event, described as a "succession of 
shocks," knocked down one wall of a large stone building 
(MM VI or VII?) (Townley and Allen, 1939). The 1893 
earthquake may have been one of Oregon's largest events, 

according to its reported maximum intensity. However, very 
little is really known about this earthquake. Reports of the 
event outside Umatilla are apparently unknown, which sug
gests that it was only locally felt and thus not that large. 

Since 1841, five earthquakes larger than ML 5.5 are 
known to have occurred in Oregon (Table 2). There have 
been an additional six events of about ML 5 to 5.5 in size 
(excluding the 1962 Portland earthquake; see following dis
cussion). Three earthquakes of approximate ML 5. whose 
source was near Portland (1877. 1892, and 1961), have 
been recently described by Bott and Wong (1993). Twenty
eight events have occurred within the state in the approxi
mate range ofML 4.5 to 5.0 (MM V or VI, if no magnitude 
assigned) (Table 2). The following describes the most sig
nificant releases of seismic moment in Oregon during his
torical times. 

1873 Crescent City earthquake 
On November 23. 1873. at about 9:00 p.m., an earth

quake of estimated ML 6% occurred near the Oregon
California border east-southeast of Brookings (Toppozada 
and others, 1981) (Figure 3a). The maximum reported in
tensity of the event was MM VIII in the Smith River Valley 
north of Crescent City, California (Figure 4). Chimneys 
were knocked down in Crescent City, Port Orford. Grants 
Pass, and Jacksonville. Ground cracking was observed east 
of Crescent City. The earthquake was felt as far north as 
Portland (MM III-IV) and as far south as San Francisco 
(Townley and Allen, 1939). Because the location of the 
1873 earthquake can only be estimated from the center of 
the isoseismal contours (Figure 4), its uncertainty is large, 
and the event could have occurred in northernmost Califor
nia or southernmost Oregon. The lack of aftershocks led 
Ludwin and others (1991) to suggest that the earthquake 
may have occurred within the subducting Gorda (or Juan de 
Fuca) plate of the Cascadia subduction zone. Such in
traplate earthquakes are rare in Oregon. Alternatively, the 
event may have been crustal in origin and occurred far 
enough offshore such that no aftershocks were felt (Ludwin 
and others, 1991). 

1936 Milton-Freewater earthquake 

The largest and most significant earthquake in north
eastern Oregon. known as the Milton-Freewater or State
line earthquake, occurred at 11 :08 p.m. on the night of July 
15, 1936 (Neumann, 1938) (Figure 3a). The maximum in
tensity was MM VII+, and it was felt over an area of 
275,000 km2 (Figure 5). In a reevaluation of the event, 
Woodward-Clyde Consultants (1980) (also Foxall and Tur
cotte, 1979) calculated a magnitude of ML 6.1. as recorded 
at 17 seismographic stations. Based on the isoseismal map 
(Figure 5) and an empirical relationship between magni
tude and total felt area developed by Toppozada (1975) (see 
Bott and Wong [1993] for further discussion), the event was 
estimated to be a ML 6.4. The main shock was preceded by 

(Continued on page 132) 
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Table 2. Significant historical earthquakes in Oregon, magnitude 4.5 or Mil;[ intensity V and greater 

Time Maximum 
Date (GMT) Magnitude MM intensity Location Comments 

:\ov. 23,1873 05:00 ML6% VIII Crescent City Largest historic event 

Oct. 12, 1877 17:00 ML 5'/' VII Portland Portland's second largest event 

Feb. 4, 1892 04:30 ML5 VI Portland "Severe shock" 

Mar. 5. 1893 ? VI or VII Umatilla 

Apr. 2,1896 11:17 ML4 VI McMinnville 

Apr. 19, 1906 09:30 V N of Lakeview Three felt aftershocks 

Oct. 14.1913 23:00 VI Hells Canyon 

~lay. 18, 1915 03:00 V Portland One of three shocks 

Apr. 14, 1920 23:45 V Crater Lake One ofthree shocks 

Feb. 25, 1921 20:00 V E of Sweetwater 

Jan. II, 1923 04:29 VI Lakeview 

Jan. 6, 1924 23:10 V Milton-Freewater 

Apr. 9, 1927 05:00 V Pine Valley-Cuddy Mountain 

Jul. 19,1930 02:38 ML4 V-VI 20 km NW of Salem Cracked plaster 

Jul. 16,1936 07:07 ML6.1 VII+ Milton-Freewater Eastern Oregon's largest event 

Jul. 18,1936 16:30 V Milton-Freewater Aftershock 

Aug. 4, 1936 09:19 V Milton-Freewater Aftershock 

Aug. 28, 1936 04:39 V Milton-Freewater Aftershock 

Dec. 29, 1941 18:37 ML4'/Z VI Portland Minor damage 

Jun. 12, 1942 09:30 V Pine Valley-Cuddy Mountain Minor damage 

Nov. I. 1942 17:00 V Portland 

Jan. 7,1951 22:45 V Hermiston 

Dec. 16, 1953 04:32 ML4'/Z VI Portland Minor damage in Portland 

Nov. 17. 1957 06:00 ML 4\4 VI S of Tillamook Felt strongest near Salem 

~Iar. 12. 1958 12:09 ML4.5 SE of Adel 

Jun. 2. 1959 18:49 ML4.7 NWofBurns 

Aug. 19, 1961 04:56 ML4Y, VI SE of Salem Minor damage in Albany 

:\ov 7,1961 01:29 ML5 VI NW of Portland Minor damage in Portland 

:\ov. 6, 1962 03:36 Mw 5.2, ML 5\4 VII Vancouver-Portland Damage in Portland 

Mar. 7. 1963 23:53 Body wave (mb) 4.6 V West of Salem Minor damage in Salem 

Dec. 27, 1963 02:36 ML4'/Z VI Vernonia NW of Portland Minor damage near epicenter 

May. 30. 1968 00:35 ML5.1 V Adel Swarm 

Jun. 3, 1968 13:27 ML 5.0 V Adel Damage 

Jun. 4, 1968 02:34 ML4.7 VI Adel Swarm 

Jun. 5, 1968 04:51 mb 4.7 Adel Swarm 

Apr. 13, 1976 00:47 ML4.8 V-VI Deschutes Valley Minor damage 

Mar. 25, 1993 13:34 ML5.6 VII Scotts Mills $28 million in damage 

Sep. 21. 1993 03:28 ML5.9 VII Klamath Falls Two deaths 

Sep. 21,1993 05:45 ML6.0 VII-VIII Klamath Falls $7.5 million in damage 

Dec. 4, 1993 22:15 MLS.I VII Klamath Falls Aftershock 
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Figure 4. Isoseismal map of 
the 1873 Crescent City earth
quake. Smoothed isoseismal con
tours, centered around estimated 
epicenter (triangle), define zones 
with reported 114M intensities V 
and VI (see Table 1). Individual 
sites reporting effects either 
show Arabic numerals for 
(equivalent Roman numeral) in
tensities or letters for indetermi
nate intensities as follows: N = 

not felt. F ~ felt, L ~ light, H ~ 
heavy, S = severe. From Top
pozada and others (1981). 
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two felt foreshocks at 10:30 p.m. and 11 :20 
p.m. and was followed by numerous after
shocks (Neumann, 1938). 

The main shock was felt most strongly 
and caused damage in and around Milton
Freewater, Umapine, and Stateline, Oregon 
(Figure 5). It was also strongly felt in Walla 
Walla, Washington, just north of the border. 
Total damage amounted to $100,000 in 1936 
dollars. Many chimneys were damaged, 
houses were moved off their foundations, 
canned goods were scattered in a cannery, 
plaster cracked, windows broke, and school 
buildings were damaged (Neumann, 1938). 
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Intense ground cracking occurred in a 
zone 25 m wide and 500 m long extending 
west-northwest along the base of a hill west 
of Milton-Freewater. Some cracks were 
1-2 m wide, and in one place the ground 
dropped by 2.4 m. Water emerged from some 
of these cracks, indicating that liquefaction 
as well as ground slumping and landsliding 
had occurred. Ground-water flow generally 
increased in wells, and several springs were 
revived (Brown, 1937). 

The epicentral location of this earthquake 
has been difficult to determine. An epicenter 

C----" _5L,o-.--, _--,Iqo Miles 
I-Ill 

50 100 KM -
based on the isoseismal data gave a location 
about 10 km northeast of Milton-Freewater 
(Neumann, 1938). The International Seis

Figure 5.1soseismal map of the 1936 Milton-Freewater earthquake. From 
Washington Public Power Supply System (1974). 

mological Centre and the U.S. Coast and Geodetic Survey 
calculated instrumental epicenters in southeastern Wash
ington north-northeast of Walla Walla. Woodward-Clyde 
Consultants (1980) relocated the event after rereading ar
rival times and determined a similarly placed epicenter. 
They suggested that the 1936 earthquake may have oc
curred on the Hite fault. In contrast, Mann and Meyer 
(1993) suggested the source of the 1936 earthquake was the 
Wallula fault zone near the zone of ground cracking just 
south of Umapine and west of Milton-Freewater, based on 
their reassessment of the maximum reported intensities. 

We believe, however, the large epicentral uncertainties 
of both the felt and instrumental locations of the 1936 
earthquake make any interpretations of its source tenuous. 
Earthquake locations based on maximum intensities can be 
erroneous by tens of kilometers because of site or seismic
wave propagation effects on ground shaking (e.g., Wong and 
Savage, 1978). Errors are also often large (also tens of kilo me
ters) when locating pre-1960 instrumentally-recorded earth
quakes, because clock errors were common, and recording 
stations few and distant. For example, the closest station 
recording the 1936 event was in Spokane, about 250 km 
away, and clock error appears to have been large. The ma
jority of the stations recording the earthquake were in Cali
fornia, which resulted in possible azimuthal bias in the seis
mographic coverage. 

1962 Portland earthquake 
One of the best-known earthquakes in Oregon history 

occurred at 7:36 p.m. on November 5, 1962, near Port
land (ML 5.2 to 5.5) with a maximum intensity of MM 
VII (Coffman and others, 1982; Yelin and Patton, 1991: 
Bott and Wong, 1993) (Figures 3a and 6). The earth
quake was felt over a large area of 70,000 km2 in north
western Oregon and southwestern Washington (Figure 
6). In Portland, many chimneys cracked or fell down, 
windows broke, tile ceilings fell, and plaster cracked 
(Dehlinger and Berg, 1962). In Vancouver and Battle
ground, Washington, furnishings and small objects 
shifted. Rumbling sounds were heard just before the 
earthquake was felt, and the shaking lasted from a few 
to 30 seconds (Dehlinger and Berg, 1962). Numerous 
aftershocks occurred, but none were large enough to be 
felt in Portland. 

Yelin and Patton (1991) recomputed the location of 
the 1962 earthquake and placed it IS km northeast of 
downtown Portland and at a depth of 16 km. This epi
center is 7 to 8 km northeast of the original location of 
Dehlinger and others (1963). This location makes this 
earthquake a Washington event, although it clearly war
rants inclusion in any discussion of Oregon seismicity. 
Yelin and Patton (1991) calculated several possible earth-
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1968 Adel earthquake swarm 

An intense sequence of earthquakes be
gan on May 26, 1968, in the vicinity of the 
town of Adel near the Oregon-Nevada bor
der (Coffman and Cloud, 1970) (Figure 
3a). No historical events are known to have 
occurred in the epicentral area before this 

I 
Limits of Felt Area sequence. The activity reflected typical 

characteristics of an earthquake swarm: a 
sequence of events concentrated in space 
and time with no single dominant event. 
The largest events of the swarm occurred 
within the first 10 days of activity: the 
largest earthquake (ML 5.1) occurred at 
4:36 p.m. on May 29 (Schaff, 1976). A ML 
5.0 event occurred at 5:27 a.m. on June 3 
and was felt with a MM V intensity in 
Lakeview, Oregon, and Fort Bidwell, Cali
fornia. The strongest felt earthquake (ML 
4.7) reported at Adel (Coffman and Cloud. 
1970) occurred at 6:34 p.m. also on June 3 
with a maximum intensity of MM VI. It 

• 

• • 

I 

- 2 
was felt over an area of 18,400 km . caus-
ing damage to many chimneys in Adel and 
producing ground fissures near Fort Bid
well (Couch and Johnson, 1968). Grocery 
items were thrown to the floor in a local 
store, and a rock wall of a storage building 

Instrumental Epicenters 
collapsed. In the library, books on the west 
wall were thrown to the floor. Geologic ef
fects included rockfalls from the western 
wall of Warner Valley and cracks in State 
Highway 140, about 2 km west of Adel 

• • 
02 * Dehlingar at al. (1963) 

X Yalin and Patton (1991) 

o 10 20 

~tatut~5 
40 

I ~i (Coffman and Cloud, 1970). Increased 
flow at a hot spring was also reported 

Figure 6. lsoseismal map of the 1962 Portland earthquake. !vfodijied after 
Lander and Cloud (J 964) 

(Couch and Johnson. 1968). The swarm 
continued through June and July, decay
ing exponentially in intensity and occur-

quake focal mechanisms
5 

for the event but favor the mecha
nism that exhibits normal faulting on a northeast-trending fault 
plane. This is consistent with the model of a Portland pull-apart 
basin (Beeson and others, 1985), although the stress directions 
exhibited by the focal mechanism are not consistent ",ith the 
regional stress pattern of approximately north-south maximum 
compression. Alternatively, Unruh and others (1994) have sug
gested that the Portland area lies mthin the Portland fold belt. 
a region characterized by northwest-trending anticlines", possi
bly indicative of fault motion at depth. We favor the reverse 
faulting focal mechanism ofYelin and Patton (1991), because 
it is more consistent with the contemporary stress field and 
other focal mechanisms in the region. 

rence with time. 
Portable seismographs were deployed in the vicinity of 

Adel from June 6 to July 25 by the University of Nevada at 
Reno, to monitor the swarm activity. Analysis of 169 after
shocks (Schaff, 1976) indicates a 15-km-long. 6-km-wide. 
north-trending zone located northwest of Adel between the 
depths of3 and 12.5 km (Schaff. 1976). A focal mechanism 
computed by Patton (1985) indicates that the largest earth
quake was the result of normal faulting on an approxi
mately north-striking plane. That plane is consistent with 
the trend of aftershocks and the structural grain of the 
northern Basin and Range province. Thus an unmapped 
fault near Adel appears to have been the source of the 
1968 swarm. 

, A stereographic projection plot resulting from an analysis of seismic waves as recorded on seismograph stations. A focal mechanism displays two possible orienta
tions for the causative fault and associated slip directions and the pattern of the tectonic stresses initiating the earthquake rupture. 

6 A geologic structure where layered rocks have been folded or arched upwards by compressive forces. The Portland Hills may be an anticline. 
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1976 Deschutes Valley earthquake 

On April 12, 1976, a ML 4.8 earthquake shook an area 
of 35,000 km2 centered near the town of Maupin in north
central Oregon (Figure 3a). Although the epicentral area 
had exhibited no prior seismicity, historical earthquakes 
were reported in adjacent areas such as The Dalles as early 
as 1866 (Figure 3a). Maximum intensities of MM V-VI 
were observed along the Deschutes River Valley, where 
houses were shaken, resulting in cracked plaster (Couch 
and others, 1976) (Figure 7). Some objects were thrown to 
the floor in Maupin, South Junction, and Warm Springs. 
Sounds described as "distant thunder, sonic booms, and 
strong wind" were also reported in this event. 

An epicentral location was determined by Couch and 
others (1976) based on the P-wave readings from 48 
seismograph stations in the western United States and 
Canada (Figure 7). The focal depth of the main shock 
was estimated to be 15 km. The main shock was pre
ceded by nine foreshocks and followed by 13 after
shocks, of which the largest was a ML 4.2 (Figure 3a). A 
composite focal mechanism of the main shock and other 
events in the sequence suggest that the source of the Des
chutes Valley earthquakes was a west-northwest-striking 
reverse fault (Couch and others, 1976). The presence of 
such a fault is consistent with several similarly oriented 
anticlines in the epicentral area. 

1993 Scotts Mills earthquake 
On March 25, 1993, at 5:35 a.m., a strong earthquake 

(ML 5.6, maximum MM VII intensity) struck western Ore
gon and Washington (Madin and others, 1993; Dewey and 

123' 122' 121' 120' 

IIYakima 

WASHINGTON e·. 

others, 1994). This event, which is the fourth largest earth
quake to occur in western Oregon in historical times, was 
felt over an area of 97,000 km2 (Dewey and others, 
1994). The earthquake occurred 5 km east of the town 
of Scotts Mills (Figure 3b). Damage to property was es
timated at $28 million, mostly to older, unreinforced 
masonry structures such as the Molalla High School 
(Dewey and others, 1994). Numerous chimneys were 
damaged, and broken plaster and bricks were common. 
Despite the strength of this earthquake, only minor in
juries were incurred. 

The earthquake was recorded throughout the UW re
gional seismographic network. A focal depth of 15 km was 
determined for the main shock, although this value is 
poorly constrained. Aftershocks recorded by a portable net
work installed in the epicentral region within 12 hours of 
the main shock align along a northwest-striking, moder
ately north-northeast-dipping plane at depths of 8 to 15 km 
(Thomas and others, in preparation). The main-shock focal 
mechanism indicates oblique-reverse slip on a northwest
striking, northeast-dipping nodal plane in response to a 
north-south compressive stress. The earthquake locations 
and focal mechanism are all consistent with the sequence 
occurring on the Mount Angel fault (Thomas and others, in 
preparation). Werner and others (1992) earlier suggested 
that a sequence of six small earthquakes (ML Q.5) in Au
gust 1990 near Woodburn could have occurred on the 
northern end of the Mount Angel fault. Through 1994, a 
total of about 300 aftershocks had been recorded by either 
the UW regional or portable networks. 

1993 Klamath Falls earthquakes 
119' 
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On the evening of the September 20, 
1993, two moderate-sized earthquakes 
struck the Klamath Falls area (Figure 3b), 
causing two deaths and extensive damage. 
The casualties were the first reported to re
sult from an earthquake in Oregon. The two 
largest events, ML 5.9 at 8:28 p.m. and ML 
6.0 at 10:45 p.m., and the ensuing after
shocks were centered approximately 20 km 
northwest of Klamath Falls (Figure 8). 
(Braunmiller and others [1995] estimated 
Mw 6.0 for both events.) Focal depths of the 
events were generally less than 12 km 
(Braunmiller and others, 1995). A fore
shock of ML 3.9 occurred 13 minutes before 
the ML 5.9 event. A portable network was 
deployed in the epicentral area by the 
USGS, OSU, and UO within days of the 
largest events. 

o 118 Canyon City 

EXPLANATION '* Epicenter 

44' r---------1-;;--------+----~r_+------_:;;;o1"'::.......---6 Felt.t MMVI 
o Notfelt 

Figure 7. Isoseismal map of the 1976 Deschutes Valley earthquake. Note 
that epicenter is located east of the area of maximum reported intensity 
(MM VI). From Coffman and Stover (1978). 

Damage from the Klamath Falls earth
quakes amounted to about $7.5 million. 
mostly to various residential, commerciaL 
and government buildings, including the 
Klamath County Courthouse buildings 
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Figure 8. Epicentral map of the 1993 Klamath Falls sequence. Seismicity data courtesy of the University of Washing
ton. Faults taken from Hawkins and others (1992). 

(Wiley and others, 1993). Some unreinforced masonry 
buildings were severely damaged, while wood-frame build
ings sustained little or no damage (Wiley and others, 1993). 
Modern buildings, including two reinforced concrete build
ings on the Oregon Institute of Technology campus, also 
sustained considerable damage. Surface cracking within ar
tificial fill along roads and landslides/rockfalls were in
duced by the earthquakes. No evidence for surface faulting 
was found. 

The Klamath Falls area has experienced only low levels 
of historical seismicity, but geologic evidence shows late 
Quaternary (past 500,000 years) fault activity in the epicen
tral area (Hawkins and others, 1992) (Figure 8). The earth-

quake sequence was located between the fault bounding the 
western side of the Klamath graben and the Sky Lakes fault 
zone, both of which are east -dipping normal faults. Analy
ses to date indicate three source zones of seismicity: a 
northwest-trending zone that included the ML 6.0 earth
quake; a north-trending zone including the ML 5.9 event: 
and a shallow northwest-trending zone to the east near Kla
math Lake (Braunmiller and others, 1995). 

A focal mechanism for the ML 6.0 event exhibits north
northwest-striking planes; the preferred plane being the 
east-dipping normal fault with a small component of left
lateral motion (Wiley and others, 1993; Braunmiller and 
others, 1995). The focal mechanism is consistent with ap-
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proximately northeast-southwest-oriented tectonic exten
sion typical of the northern Basin and Range province. 
Based on several focal mechanisms and the aftershock dis
tribution. Braunmiller and others (1995) suggested that the 
Lake of the Woods fault zone (part of the Sky Lakes fault 
zone: Figure 8) may have been the source of the two main 
shocks. 

A relatively late aftershock (ML 5.1) in the Klamath 
Falls sequence occurred on December 4, 1993, causing mi
nor damage. It was the largest of more than 4,200 after
shocks that were recorded and located through 1994; it 
caused a parapet to fall onto an adjacent building on Main 
Street. resulting in the collapse of the roof of a new comic 
book store. 

AREAS OF SIGNIFICANT SEISMICITY 

Before 1979. the historical record shows seismicity, con
sisting principally of earthquakes of ML :23, occurring 
rather sparsely throughout Oregon. The few concentrations 
were centered on Portland, in the epicentral areas of the 
1968 Adel and 1976 Deschutes Valley earthquakes, in the 
Pine Valley graben-Cuddy Mountain area east of Baker, and 
the area between Hermiston and Milton-Freewater, north
west and northeast of Pendleton (Figure 3a). Since 1979 
and the southward expansion of the UW seismographic net
work, seismicity, particularly microearthquake activity, ap
pears to be concentrated in northernmost Oregon and in the 
Pine Valley graben-Cuddy Mountain area (Figure 3b). To 
some degree, this pattern may be an artifact of station cov
erage (Figure 1). 

A map of the seismic moment released in Oregon based 
on the 153-year historical record dramatically reveals the 
sites of the state's largest earthquakes as well as its most 
active areas (cover illustration). The 1873 earthquake, 
which may have occurred within the Cascadia subduction 
zone as an intraplate event, has dominated the seismic mo
ment release in Oregon. Areas of significant crustal seismic 
moment release include, in order of decreasing moment, 
the epicentral areas of the 1993-1994 Klamath Falls and 
1936 Milton-Freewater earthquakes and the Portland re
gion (cover illustration). 

The apparent low level of seismicity in most of south
eastern Oregon may be largely due to the absence of seismo
graph stations (Figure 1). As previously stated, a region of 
notably few earthquakes has been the Cascadia subduction 
zone beneath western Oregon (Ludwin and others, 1991). 
This lack of seismicity is in contrast with the seismically 
active subducting Juan de Fuca plate beneath western 
Washington. The reason for this quiescence in Oregon is 
perplexing. 

Portland region 
As recognized by Couch and Lowell (1971) and Bott and 

Wong (1993), the Portland region (the 100-by-100-km area 
centered on Portland, including Vancouver) is the most 
seismically active area in Oregon (Figures 3a and 3b). At 

least 17 earthquakes of ML 4 and larger and six events of 
ML 5 and larger (including the 1877 and 1962 earthquakes) 
have occurred in the region in historic time. As noted ear
lier for the 1962 earthquake, Yelin and Patton (1991) ex
plain seismicity in the area within the context of the Port
land pull-apart basin. The basin is bounded on the south
west by the right-lateral, strike-slip Portland Hills fault 
zone and on the northeast by a postulated right-lateral, 
strike-slip Frontal fault zone (Yelin and Patton, 1991). 

Since 1982, when seismographic coverage of the Port
land basin became sufficient to detect events as small as ML 
1, the Portland Hills fault zone has been nearly aseismic 
(yelin, 1992). However, a composite focal mechanism for 
four events that occurred at the south end of Sauvie Island 
between 1982 and 1985 exhibited predominantly strike-slip 
faulting on a northwest-striking plane consistent with the 
Portland Hills fault zone (Yelin and Patton, 1991). From 
July to October 1991, a small earthquake swarm of about 40 
events (three of ML 3.0 to 3.5) occurred at depths of 15 to 
18 km at the northern end of the Portland Hills fault zone. 
Focal mechanisms for two of the largest earthquakes exhib
ited mixed reverse and right-lateral strike-slip faulting 
along a plane that coincides with the postulated Portland 
Hills fault, similar to what is observed elsewhere in the 
Portland basin (Yelin, 1992). A composite mechamsm for 
several small events, 4 km south of Battleground, Washing
ton, exhibited oblique-strike-slip faulting on a near
vertical, northwest-striking plane possibly associated with 
the Frontal fault zone (Yelin and Patton, 1991). In none of 
these cases, however, is the evidence definitive that the 
Portland Hills or the Frontal fault zones are seismically ac
tive because ofthe uncertainties in associating the relatively 
deep crustal seismicity in the Portland area with these 
structures whose depth extent is unknown (Blakely and oth
ers, 1995). 

Mount Hood 
Seismicity has occurred at Mount Hood, a Cascade vol

cano east of Portland (Figure 3b). The largest known earth
quake was a ML 4.0 event that occurred on December 13, 
1974. Based on a 16-station temporary network operated at 
Mount Hood from November 1977 to December 1978, a 
total of 10 earthquakes were recorded and located, with the 
largest event reaching approximately ML 3.4 (Weaver and 
others, 1982). All events occurred above a depth of 15 km. 
Focal mechanisms for five of six events exhibited predomi
nantly right-lateral, strike-slip faulting on a north
northwest-striking plane (Weaver and others, 1982). 
Weaver and others (1990) suggested that some of this activ
ity and earthquakes in 1989 and 1990 may be associated 
with a north-northwest-striking seismic zone beneath 
Mount Hood, similar to one under Mount St. Helens in 
Washington. The 90-km-Iong St. Helens seismic zone has 
been one of the most seismically active areas in the Pacific 
Northwest in historical times (Weaver and Smith, 1983; 
Ludwin and others, 1991). Geomatrix Consultants (1990) 
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suggested that the Mount Hood seismic zone may coincide 
with the Mount Hood fault. 

Pine Valley graben-Cuddy Mountain 
The most active area in eastern Oregon appears to be the 

Pine Valley graben-Cuddy Mountain area along the 
Oregon-Idaho border (Figures 3a and 3b). The first 
recorded earthquake in the area occurred at 3:00 p.m. on 
October 14. 1913 (Figure 3a). The earthquake was assigned 
a maximum intensity of MM VI and was felt most severely 
in Landore. Idaho. where windows broke. furniture rocked, 
and dishes were thrown from shelves. Zollweg (BSU, per
sonal communication. 1992) estimates the size of the event 
was ML 4%, based on a review of historical seismograms. 

A number of additional small earthquakes (MM IV-V) 
have occurred in the Pine Valley graben area (Mann, 1989) 
(Figures 3a and 3b). The abundant microseismicity shown 
on Figure 3a is the result of an analysis of events recorded 
at the BMO array from 1962 to 1967 (Zollweg and Wood, 
1993). None of these events can be definitively associated 
with any mapped faults. 

Zollweg and Jacobson (1986) operated a portable five
station microearthquake network, which recorded 15 after
shocks of two ML 3.8 earthquakes that occurred on August 
10 and September 19, 1984, in the Cuddy Mountain area 
(Figure 3b). A composite focal mechanism exhibited nor
mal faulting on north- to northwest-striking planes, sug
gesting that the area is being subjected to Basin and Range
like extensional stresses (Zollweg and Jacobson, 1986). 
Mann and Meyer (1993) suggested that the seismicity in the 
area is associated with a portion of the Olympic-Wallowa 
lineament which includes the Pine Valley graben and 
Brownlee fault. Conversely, we speculate that the Pine Val
ley graben-Cuddy Mountain area may represent the west
ernmost extent of the east-west-trending Centennial Tec
tonic Belt (Stickney and Bartholomew, 1987). 

EARTHQUAKES AND ACTIVE FAULTS 

All earthquakes of tectonic origin, no matter their size. 
are the result of sudden displacement on a fault. The larger 
the fault area that is displaced or ruptured, the larger the 
event. For example, a Mw 7 earthquake will typically rup
ture a fault or portion of a fault that is about 1,000 km2 in 
area, such as a fault 50 km long and 20 km wide. 

Few late Quaternary crustal faults have been identified 
in Oregon, particularly in the western half of the state 
(Pezzopane and Weldon, 1993). The dense vegetation and 
rapid erosion rates make it difficult to find evidence of 
young faulting in western Oregon. Active faults may also be 
more deeply seated west of the Cascades because of a 
thicker seismogenic crust (Wong and others. 1994). Thus 
they would not be as well expressed at the earth's surface as 
in other regions in the western United States (e.g .. Basin 
and Range province) where the seismogenic crust is on the 
order of 15 km thick. To many, the 1993 Scotts Mills earth
quake was an unexpected event for western Oregon, possi-

bly because it occurred on a "blind" or hidden fault. Earth
quakes of similar or larger magnitUde. however. will likely 
occur on other blind structures elsewhere in this half of the 
state. 

In eastern Oregon. like much of the western United 
States. late Quaternary faults are more prevalent or more 
visible at the surface, although few have been studied in 
detail. Faults that have been investigated include, for exam
ple, two Basin and Range-like structures: the Alvord fault 
along Steens Mountain (Hemphill-Haley and others. 1993) 
and the Goose Lake graben faults near Lakeview 
(Pezzopane and Weldon. 1993). 

Because there have been so few large histoncal earth
quakes in Oregon and seismic monitoring has been gener
ally sparse, only a small number of events has been associ
ated with known active faults in the state. These include 
possibly the 1936 Milton-Freewater. 1993 Scotts Mills, and 
1993-1994 Klamath Falls earthquakes. which may have 
been associated with the Wallula or Hite faults. Mount An
gel fault, and Lake of the Woods fault zone. respectively. As 
previously stated, the Portland Hills and Frontal fault zones 
may also have associated seismicity (Blakely and others. 
1995). 

Because of the incomplete historical record for the state. 
our understanding of the earthquake potential for Oregon 
will probably be quantified only through future paleoseis
mic fault studies and continued earthquake monitoring. Un
fortunately for much of western Oregon, this quantification 
may never be complete because of its few known faults. 

CONCLUSIONS 

Although Oregon is not generally thought of as being 
"earthquake country." especially compared to the neighbor
ing states to the north and south. the historical record 
clearly indicates that the state faces a level of earthquake 
hazard that requires further quantification. Realistic esti
mates of the state's earthquake potential must rely heavily 
on future geologic studies. Crustal earthquakes as large as 
ML 6 and possibly intraplate earthquakes up to ML 6% 
within the Cascadia subduction zone have occurred in Ore
gon according to the observations of the past 153 years and 
will undoubtedly occur in the future. Additionally, paleo
seismic studies along the Oregon coast indicate that the 
state has been shaken in the past by great Cascadia subduc
tion zone megathrust earthquakes, possibly as large as Mw 
9. Paleoseismic investigations along late Quaternary faults 
also indicate that events as large as ML 7 have occurred 
repeatedly in several locations in eastern Oregon (e.g .. 
Hemphill-Haley and others, 1993; Pezzopane and Weldon. 
1993). 

Although very few detailed paleoseismic studies have 
been performed on the few known late Quaternary faults in 
western Oregon, circumstantial evidence suggests that 
crustal earthquakes as large as ML 7 are possible in some 
areas, such as near Portland (Wong and others, 1994). Such 
events may pose the greatest hazard to the urban areas in 
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the Willamette Valley and eastern Oregon because of the 
severe ground shaking that could result from such relatively 
nearby earthquakes, as compared to larger earthquakes 
which may occur at greater distances within the Cascadia 
subduction zone (e.g., Weaver and Shedlock, 1991; Wong 
and others, 1993). 
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ABSTRACTS OF PAPERS 
The following abstract is of a paper given at an interna

tIOnal conference in May 1995 at the University of Wash
ington. The conference, titled "Tsunami deposits-geologic 
warnings offuture inundation, " was sponsored by the Qua
ternary Research Center, the National Oceanic and Atmo
spheric Administration, and the u.s. Geological Survey. 
Among the 80 registered participants were scientists from 
Canada, Germany, Japan, Norway, the Philippines, the 
United Kingdom, and the United States. 

The use of microfossils (diatoms) in mapping paleo
tsunami deposits, by Eileen Hemphill-Haley, U.S. Geo
logical Survey, University of Oregon 

Diatoms are aquatic microscopic plants that secrete 
silt- to sand-sized siliceous hard parts. They can indi
cate a freshwater, estuarine or marine origin for sedi
mentary' deposits. Diatoms are typically abundant in 
Holocene coastal sediment, including tsunami deposits, 
of the Pacific Northwest. 

Tsunami deposits, attributed to both subduction-zone 
and shallow crustal earthquakes during the past several 
thousand years, have been identified at numerous sites in 
Oregon and Washington. Along the Niawiakum River (at 
Willapa Bay, southwestern Washington) a sandy interval 
overlies a soil that was submerged during an earthquake 
along the Cascadia subduction zone (CSZ) about 300 years 
ago. Diatoms within this interval are indicative of sandy 
tidal flats, and refute a fluvial source for the deposit. At 
Cultus Bay, (Whidbey Island, Northern Puget Sound), a 
sand wedge interbedded with salt-marsh peat attests to a 
tsunami generated by an earthquake on the Seattle fault 
about 1000 years ago. Diatoms found in the sand distinct 
from species in the underlying and overlying peat, and are 
indicative of estuarine tidal flats. At Bradley Lake (south
central Oregon coast), tsunamis generated by earthquakes 
in the CSZ may have occasionally overtopped a coastal bar
rier and deposited anomalous marine planktonic diatoms in 
the freshwater lake about 300, 1,000, and 1,400 yr B.P. 

Diatom biostratigraphy alone can not differentiate depo
sition by a tsunami from other mechanisms such as seiches 
or storm surges. However, in conjunction with stratigraphic 
and chronologic data. it provides valuable paleoecological 
insight for studies of paleo-tsunami deposition. 0 

(Crescent City, Continued from page 124) 

sank. The boat up Elk Creek had settled among the ruins of the 
new 01) mpic Pool. The cars along with the two small buildings 
that were swept off the dock had faded from sight. Logs, 
boats. furniture along with the buildings all tossed helter
skelter. The lumber from three big yards was tossed high on 
the land or floating in the water. Some of the landing and 
small craft floats were sailing away in a dizzy pattern. 

Isolated on the island we watched the search begin 
along Elk Creek for the bodies of the victims. The demo-

THESIS ABSTRACTS 
The Department maintains a collection of theses and 

dissertations on Oregon geology. From time to time, we 
print abstracts of new acqUisitions that in our opinion are 
of general interest to our readers. 

Vertical component of present-day deformation in the 
western Pacific Northwest, by Clifton Edwards Mitchell 
(M.S., University of Oregon, 1992), 103 p. 

This thesis maps the regional pattern of vertical defor
mation of the Pacific Northwest west of the Cascade Range 
and, using long-term tidal records from Crescent City, As
toria, and Neah Bay, assigns uplift rates to that pattern to 
reference it to the geoid. Relative uplift profiles along the 
coast are constructed from two independent data sets that 
indicate crustal motion: comparison of records from eight 
tide gauges, and comparison of releveling surveys. Both 
methods detect only relative motion. but the two entirely 
independent data sets produce comparable profiles along 
the coast. The releveling data set allows construction of 
profiles inland from the coast. and these various profiles are 
assembled into a network of relative uplift rates. A con
toured map of this relative network is combined with uplift 
rates at three long-term tidal stations to contour a map of 
regional uplift rates relative to the geoid. 0 

"Ask-A-Geologist" - USGS offers new 
Internet Service 

Ask-A-Geologist is an experimental service of the U.S. 
Geological Survey (USGS) Branch of Pacific Marine Geol
ogy, with participation from several other branches. Gen
eral questions on earth sciences may be sent by electronic 
mail to: ask-a-geologist@octopus.wr.usgs.gov. 

All electronic mail received at this address will be routed 
to the geologist of the day. The geologist will reply to your 
question within a day or two or provide referrals to better 
sources of information if you include an Internet-accessible 
return address in the body of your message. 

The USGS encourages grade school and high school stu
dents with electronic mail access to send in questions. 

For any questions about this service, but not about geol
ogy, contact Rex Sanders, rex@octopus.wr.usgs.gov. 0 

lition crews started clearing the streets and burning the 
debris along the beach front and Highway 101. The 
silent killer had left after taking its toll of life and prop
erty, but the vacant lots, the broken fish docks, along 
with abandoned fishing boat hulls still remind us of the 
gruesome night the tsunami destroyed 56 blocks of Cres
cent City, CA. 

It still seems hard to believe that with all the salvage 
that floated by us out to sea, the only bit to reach the 
island was one spool of lavender thread. 0 
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The Oregon vortex phenomenon 

by John Eliot Allen, Emeritus Professor of Geology, Port
land State University, Po. Box 751, Portland, OR 97207 

In June. a full page in The Oregonian was devoted to the 
tourist attraction known as "The Oregon Vortex." which 
lies north of the Rogue River, about halfway between 
Grants Pass and Medford. 

While living in Grants Pass in 1937, I visited this report
edly anomalous location, which apparently violated the 
physical laws of gravity and magnetism. The phenomenon 
centered in a small weather-beaten and dilapidated wooden 
cabin, which stood at an angle on a gently sloping hillside, 
apparently the surface of a landslide. And yes, balls did ap
pear to roll uphill. And when one stood erect, one appeared 
to lean at an angle from the vertical-and all of this was 
attributed to a mysterious "magnetic vortex." 

A field geologist always carries a compact surveying in
strument known as a "Brunton," which consists of both an 
accurate compass and a bubble level. With the compass, I 
could find no local horizontal or vertical magnetic anom
aly; with the bubble level I convinced myself that the balls 
rolled downhill, not up. 

I had a faint memory from a lecture in my Psych 202 
class at Oregon in 1927, which reminded me of a skewed 
room that has a weird optical illusion of shape and size and 
slope. so I decided that the "Vortex" cabin represented such 
a skewed structure. 

Since reading the Oregonian article, I have checked out 
that memory with a modern psychology text (Bernstein and 
others, 1994) and find that this illusion is well known as the 
"Muller-Lyer Illusion." However, the "Vortex" is a fun 
thing to see, and I strongly urge everyone to take this short, 
side trip from 1-5 on the next trip south. And take your 
Brunton with you! 

REFERENCES 
Bernstein, D.A., and others, 1994, Psychology: Hough

ton-Mifflin, 674 p., p. 193. 
Gregory, R.L., Visual Illusions: Scientific American, v. 

219, p. 66-67.0 

Tsunami legislation calls for rules 
The Governing Board of the Oregon Department of Ge

ology and Mineral Industries is charged with developing 
administrative rules for implementing Senate Bill 379. The 
bill prohibits the siting of certain types of buildings in 
coastal tsunami inundation zones and will come into effect 
on January 1, 1996. 

Public hearings were held in Seaside. Newport. Reeds
port. and Coos Bay October 24-27. A final hearing will be 
held December 11, 1995, at the Hatfield Marine Science 
Center in Newport. Draft maps and rules are available for 
inspection in public libraries along the coast and in 
DOGAMI's Grants Pass and Portland offices. 0 

DOGAMI PUBLICATIONS 

Released October 27, 1995: 

Downhole and seismic cone penetrometer shear-wave 
velocity measurements for the Portland metropolitan 
area, 1993 and 1994, by M.A. Mabey and I.P. Madin. 
Open-File Report 0-95-7,69 p., $6. 

Geologic subsurface data collected during the investiga
tions that led to the publication of seismic hazard maps for 
the Portland metropolitan area are now available in this 
new report. The data will be of use to geologists and 
geotechnical engineers who conduct site-specific seismic 
investigations. 

During the years 1993 and 1994. DOGAMI conducted a 
major subsurface investigation program as part of the Rela
tive Earthquake Hazards Mapping Project funded through 
the Federal Emergency Management Agency. The program 
included the measurement of shear-wave velocities at 65 
locations around the Portland metropolitan area. 

The measurements have been assembled in a printed 
graphic catalog that contains one page for each location's 
profile, showing graphics of shear-wave velocity, raw Stan
dard Penetration Test blow counts, and drill hole lithology. 
A location map shows the distribution of the profiles over 
eight 7Y2-minute quadrangles and their relationship to the 
urban growth boundary. 

For details on the lithologic data readers are referred to 
the hazard maps published in the Geological Map Series as 
GMS-79 and GMS-89 through GMS-92. 0 

DOGAMI field offices get new telephone 
area codes 

The introduction of a second area code for Oregon af
fects all offices of the Oregon Department of Geology and 
Mineral Industries located outside Portland. 

Please note that. as of November 5, the telephone number 
for any of the offices in Albany. Baker City. and Grants Pass 
now begins with the area code 541. See page 121 of this issue 
for complete address and phone information. 0 
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Gl\1S-63 Vmes Hlll 7';, quadrangle, Malheur County. 1991 5.00 

G:\IS-64 Sheaville 7'1,' quadrangle, Malheur County 1990 5.00 

GMS-65 Mahogany Gap 7'/,' quadrangle, Malheur County 1990 5 00 

GMS-66 Jonesboro 7'/, quadrangle, ~alheur County 1992 6.00 

Gl\1S-67 South Mountam 7'/,' quadrangle, ~alheur County. 1990 6.00 

GMS-68 Reston 7Y, quadrangle, Douglas County. 1990 600 

GMS-69 Harper 7'/, quadrangle, ~alheur County. 1992 5.00 

Price0' 

G\IS-70 Boswell 'vlountam 7',,' quadrangle. Jackson County 1992 ___ , ___ 7 00 __ 

G:\IS-71 Westfall 7':, quadrangle, Malheur County 1992 __ . ______ 500 __ 

G\IS-72 Little Valley 7'1,' quadrangle, Malheur Count\· 1992 _________ 5 00 __ 

Gl\IS-73" Cleveland Rldge 7'/,' quadrangle, Jackson Count\· 1993 _______ 5 O(J __ _ 

GMS-74 "amorf7Y,' quadrangle. \lalheur County 1992 ____ . _______ 500 __ 

GMS-75 Portland 7Y,' quadrangle, Multn, Wash. Clark Countles 1991 ____ 700._ 

GMS-76 Camas Valley 7h' quadrangle. Douglas and Coos Counhes 1993 ____ 600 __ 

G\IS-77 Vale 30,60 mmute quadrangle, Malheur Count\' 1993 ____ . ____ 1000 ,,_ 

G\IS-78 Mahogan" \Iountam 30,60 mmute quadrangle. ~lalheur C 1993_, _10 110 __ 

GMS-79" Earthquake hazards, Portland 7h' quad, Multnomah C 1993 ____ .. 20 00, __ 

GMS-80" 'v1cLeod 7Y,' quadrangle, Jackson County 1993 __________ .. _,_ 5 0o ___ _ 
GMS-SI" Tumalo Dam 7'/, quadrangle, Deschutes County i994 __________ 6 00, __ _ 

GlVIS-82"" Limber Jim Creek 71// quadrangle, CnlOn County 1994 __________ 5 OO~. __ _ 

GMS-S3" Kenyon Mountam 7Y,' quadrangle, Douglas/Coos CountJes 1994 __ 6 00, __ 

G\1S-84" Remote 7'/,' quadrangle, Coos County 1994 __________ 600 __ 

GMS-85* !'viount Gurney 7%' quadrangle, Dougia<;ICoos Counties 1994 ______ 6 00 __ 

GMS-86" Tenmile 7h' quadrangle, Douglas County 1994____ _ _____ 600 __ _ 

GMS-89" Earthquake hazards. Mt Tabor 7'1,' quad, Multnomah C 1995 __ 1000 __ _ 

GMS-90" Earthquake hazards, Beaverton 7'1,' quad, 1995 _________ 1000 __ 

G\IS-91" Earthquake hazards, Lake Oswego 7Y,' quad, 1995 __________ . 10 00 __ 

GMS-92" Earthquake hazards, Gladstone 7'/, quad, 1995 __________ 10 00 __ _ 

GMS-94" Charleston 7'.;" quadrangle, Coos Count\'. 1995 8 00 

SPECIAL PAPERS 
2 Fleld geology. SW Broken Top quadrangle 1978, ___________ 5 00 

3 Rock material resources, Clackam. Columb , 'vlultn . Wash C 1978 8 00 

4 Heat flow of Oregon. 1978 4 00 

5 Analysis and forecasts of demand for rock matenals 1979. 400 

6 Geology of the La Grande area 1980 600 

7 Pluvial Fort Rock Lake, Lake County. 1979 500 

8 Geology and geochemlstry of the Mount Hood volcano 1980 400 

9 Geology of the Breitenbush Hot Spnngs quadrangle 1980__ _ ___ 500 __ 

to Tectomc rotatIon of the Oregon \Jv'estem Cascades. 1980 400 

11 Bibliography and mdex of theses and dlssertatlOns, 1899-1982.1982 ____ 7.00 __ 

12 Geologic Iinears, northern part of Cascade Range, Oregon 1980 4 00 

13 Faults and lineaments of southern Cascades, Oregon 1981 ________ 5 00 __ 

14 Geology and geothennal resources, Mount Hood area 1982 8.0o __ . 

15 Geology and geothennal resources, central Cascades 1983 _______ 13 00 __ 

16 Index to Ore Bin (1939-78) and Oregon Geology (1979-82) 1983 _____ 500 

17 Bibhography of Oregon paleontology, 1792-1983 1984 7.00 

18 InvestigatlOns of talc m Oregon 1988_____ 8.00 

19 Llmestone deposits m Oregon 1989_____________ 900 

20 Bentomte in Oregon 1989, __________________ 7.00 

21 Field geology, ~\V':. Broken Top 15' quadrangle, Deschutes C 1987 6.00 

22 Silica in Oregon. 1990 8 00 

23 Forum on Geology of Industrial '.linerals. 25th, 1989, Proceedmgs. 1990 __ 10 00 __ 

24 Index to Forums on the Geology ofIndustnal Minerals, 1965-1989. 1990 __ 700. __ 

25 Purmce in Oregon. 1992 9 00 

26 Onshore-offshore geol cross sectIOn, N Coast Range to cont. slope 1992 __ 11 00 __ 

27 Economic analYSIS, constructlOn aggregate markets and forecast 1995 15.00 

OIL AND GAS INVESTIGATIONS 
3 Foramlmfera, General Petroleum Long Bell # I well 1973, ______ _ 400 

4 Forammifera, EM Warren Coos County 1-7 well 1973, _______ _ 4.00 

5 Prospects for natural gas, upper Nehalem River Basin. 1976. ______ _ 6.00 

6 Prospects for oil and gas, Coos Basm. 1980, ______ _ 1000 

7 Correlation of CenozoIc stratigraphic units, W OregonlVv'ashington 1983 9.00 

8 Subsurface strahgraphy of the Ochoco Basm. Oregon 1984 ______ _ 8.00 

9 Subsurface blOstratlgraphy of the east Nehalem Basin 1983 700 

10 Mist Gas Field ExploratlOnldevelopment, 1979-1984. 1985 5 00 

11 Biostratigraphy of exploratory wells. W Coos, Douglas, Lane Co 1984 ___ 700 

12 Biostratigraphy, exploratory wells, N Willamette Basm 1984, ______ 700 

13 Biostratigraphy. exploratory wells, S Willamette Basm. 1985 700 

14 Oil and gas mveshgatlOn of the Astona Basm. 1985 8.00 

15 Hydrocarbon exploratlOn and occurrences In Oregon 1989 8 00 

16 Available well records and samples, onshore/offshore 1987 600 

17 Onshore-offshore cross sectlOn, Mist Gas Fleld to cont shelf/slope 1990 10.00 

18 Schematlc fence dlagram, S Tyee basin, Oregon Coast Range 1993 _____ 900 
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BULLETINS Price 0 
33 Bibliography. geol & min. res of Oregon (1st suppl 1936-45) 1947 ____ 4.00 __ 
36 Papers on Tertiary Foraminifera (v. 2 [parts VII-VIII] only) 1949 400 

44 Blbliography (2nd supplement. 1946-50) 1953 4.00 
46 F errugmous bauxite. Salem Hills. Marion County 1956 ________ 400 

53 Blbhography (3rd supplement. 1951-55). 1962 4.00 
65 Proceedmgs of the Andeslte Conference 1969 11.00 
67 Bibliography (4th supplement. 1956-60). 1970 4.00 
71 Geology of lava tubes. Bend area. Deschutes County 1971 6.00 
78 Blbhography (5th supplement. 1961-70) 1973 400 __ 
82 Geologlc hazards of Bull Run Watershed. Multn.iClackarn C 1974 8.00 

87 Environmental geology, western Coos/Douglas Counties. 1975 1000 
88 Geology/mm res, upper Chetco R dramage, Curry/Josephine C 1975 500 __ 

89 Geology and mineral resources of Deschutes County 1976 800 

90 Land use geology of western Curry County. 1976 1000 
91 Geologlc hazards. parts ofN. Hood R,ver. Wasco. Sherman C 1977 900 

92 Fossds In Oregon ColiectlOD of reprints from the Ore Bm 1977 5.00 

93 Geology. mineral resources. and rock matenal. Curry County 1977 8.0o __ 
94 Land use geology. central Jackson County. 1977 10.00 __ 

95 l\orth Amencan ophiolites (IGCPproJect). 1977 8.0o __ 

96 tvlagrna geneSlS AGe Chapman Conf. on Partial Melting 1977 15.00 

97 Bibliography (6th supplement. 1971-75). 1978 4.00 __ 

98 Geologlc hazards. eastern Benton County. 1979 10.00 

99 Geologlc hazards of northwestern Clackamas County. 1979 11.00 
101 Geologic field tnps m W Oregon and SW Washington 1980 10.0o __ 

102 Blbhography (7th supplement. 1976-79). 1981 5.00 

103 Blbliographv (8th supplement. 1980-84) 1987 8.00 

Price 0 
SHORT PAPERS 
25 Petrography of Rattlesnake Formation at type area 1976 ________ 4.00 

27 Rock material resources of Benton County. 1978 5 00 

MISCELLANEOUS PUBLICATIONS 
Relatlve earthquake hazard map. Portland quadrangle (DOGAMIlMetro). 
1993. wlth scenario report (add $3 00 for malhng) 10 00 

Geology of Oregon. 4th ed .. E.L. and WN Orr and E M. Baldwm. 1991. 
published by KendalllHunt (add $3.00 for mallmg) 2695 
Geologlc map of Oregon. G W Walker and N S MacLeod. 1991. 

published by USGS (add $3 00 for marlmg) I I 50 
Geological highway map. Pacific Northwest region, Oregon, \A/ashington, and 

part ofIdaho (published by AAPG). 1973 600 
Oregon Landsat mosalC map CpubJrshed by ERSAL. osq 1983 1100 

M'St Gas Field map. rev 1995. with 1993-94 productlon figs (OFR 0-95-1 ) __ 800 __ 
Digital form of map CCAD formats DGN.DWG . . DXF). 3'h-in. diskette __ 25.00 __ 

Mist Gas Field production figures 1979 through 1992 (OFR 0-94-6) 500 __ 

:\orthwest Oregon. Correlatlon Sec 24. Bruer & others. 1984 (AAPG) 6.00 

Oregon rocks and minerals. a description. 1988 (OFR 0-88-6) 6.00 
Mineral information layer for Oregon by county (MILOC), 1993 update 

(OFR 0-93-8).2 diskettes (W.-in., hlgh-density. MS-DOS) 25.00 

Directory of mineral producers, 1993 update. 56 p. (OFR 0-93-9) 800 
Geothermal resources of Oregon (published by NOAA) 1982 400 

Mining claIms (State laws governing quartz and placer claIms) Free 
Back issues of Oregon Geology 3.00 
Color postcard wlth Oregon State Rock and State Gemstone _______ l 00 ~~ 

MISCELLANEOUS PAPERS Separate price lists for open-file reports, tour guides, recreational gold mining 
5 Oregon's gold placers. 1954 _________________ 2.00 information, and non-Departmental maps and reports will be mailed upon request. 
11 ArtlCIeS on meteorites (reprints from the Ore Bin). 1968 4.0o__ GMS maps marked with an asterisk C')are available in digital form on diskette 
15 QUlcksllver deposits in Oregon 1971 400 (geological information only). 
19 Geothermal exploration stud,es in Oregon. 1976 1977 4.00 The Department also sells Oregon topographic maps published by the l!.S. Geo-

20 InvestlgatlOns of nickel m Oregon 1978 600 logical Survey. 
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