
OREGON GEOLOGY 
published by the 
Oregon Deportment of Geology and Mineral Industries 

VOLUME 59, I>IUMBER :2 MARCH/.>J'R1l1997 

Moren to Sepiember in Portland 01 OMSI: Nurosourus qogonensis 

~CTr"7~--i 

IN THIS ISSUE, 

PIIE""RlNG fOR EAJ!THQlJAKES IN OREGON 

OllANO GAS EXPtORATION AND DMLOPMENlIN OREGON, 191'6 

OMSI OPENS " GIANT" EXHIBIT 



26 

OREGON GEOLOGY 
(ISSN 0164-3304) 

VOLUME 59, NUMBER 2 MAR./APR.1997 
Published bimonthly in January, March. May, July. SepteJIba. and Noverrberby the Oregon Departm!ot 
of Geology and Mineral Industries. (Volumes 1 through 40 WO'e enliUed The Ore Bin.) 

Governing Board 
Jacqueline G. Haggerty, Chair ............................................ Enterprise 
Donald W. Christensen ....................................................... Depoe Bay 
John W. Stephens ..................................................................... Portland 

State Geologist ............................................................ Donald A Hull 
Deputy State Geologist ........................................... John D. Beaulieu 
Publications ManagerlEditor ................................... Beverly F. Vogt 
Production Editor ........................................... Klaus K.E. Neuendorf 
Production Assistants ................................................... Geneva Beck 

Kate Halstead 

Main Office: Suite 965, 800 NE Oregon Street # 28, Portland 
97232, phone (503) 731-4100, FAX (503) 731-4066. 
Baker City Field Office: 1831 First Street, Baker City 97814, phone 
(541) 523-3133, FAX (541) 523-5992. 
Mark L. Ferns, Regional Geologist. 
Grants Pass Field Office: 5375 Monument Drive, Grants Pass 
97526, phone (541) 476-2496, FAX (541) 474-3158. 
Thomas 1. Wiley, Regional Geologist. 
Mined Land Reclamation Program: 1536 Queen Ave. SE, Albany 
97321, phone (541) 967-2039, FAX (541) 967-2075. 
Gary W. Lynch, Supervisor. 
The Nature of the Northwest Infonnation Center: Suite 177, 800 
NE Oregon Street # 5, Portland, OR 97232-2162, phone (503) 872-
2750, FAX (503) 731-4066, Donald 1. Haines, Manager. 

Periodicals postage paid at Portland, Oregon. Subscription rates: 
1 year, $10; 3 years, $22. Single issues, $3. Address SUbscription or
ders, renewals, and changes of address to Oregon Geology, Suite 965, 
800 NE Oregon Street # 28, Portland 97232. POSTMASTER: Send 
address changes to Oregon Geology, Suite 965, 800 NE Oregon 
Street # 28, Portland 97232-2162, 

Oregon Geology is designed to reach a wide spectrum of readers 
interested in the geology and mineral industry of Oregon. Manuscript 
contributions are invited on both technical and general-interest sub
jects relating to Oregon geology. Two copies of the manuscript should 
be submitted. If manuscript was prepared on common word
processing equipment, a file copy on diskette should be submitted in 
place of one paper copy (from Macintosh systems, high-density 
diskette only). Graphics should be camera ready; photographs should 
be black-and-white glossies. All figures should be clearly marked; fig
ure captions should be together at the end of the text. 

Style is generally that of U.S. Geological Survey publications. 
(See USGS Suggestions to Authors, 7th ed., 1991, or recent issues of 
Oregon Geology.) Bibliography should be limited to references cited. 
Authors are responsible for the accuracy of the bibliographic refer
ences. Include names of reviewers in the acknowledgments. 

Authors will receive 20 complimentary copies of the issue con
taining their contribution. Manuscripts, letters, notices, and meeting 
announcements should be sent to Beverly F. Vogt, Publications Man
ager, at the Portland office (address above). 

Permission is granted to reprint information contained herein. 
Credit given to the Oregon Department of Geology and Mineral In
dustries for compiling this information will be appreciated. Conclu
sions and opinions presented in articles are those of the authors and are 
not necessarily endorsed by the Oregon Department of Geology and 
Mineral Industries. 

Cover photo 
This giant sauropod is the largest complete fossil dinosaur cur

rently on exhibit at the Oregon Museum of Science and Industry in 
Portland. It is the most impressive specimen of a collection on loan 
from the Inner Mongolian Museum of Natural History, China. On 
display are fossils collected in the Gobi desert mostly during the 
1980s. See description of the exhibit on page 41 of this issue. 

April is National Earthquake Awareness 
Month 

April is again being observed as National Earthquake 
Awareness Month in Oregon through a partnership includ
ing the Oregon Department of Geology and Mineral Indus
tries (DOGAMI), the Office of Emergency Management, 
and local American Red Cross chapters. The following ma
jor events are planned: 

• Oregon Governor John Kitzhaber will proclaim April 
as Earthquake Awareness Month. 

• DOGAMI will set up an earthquake display on seismic 
rehabilitation on April 1 and 2 at the State Capitol in 
Salem. 

• Free information materials will be provided through 
the Nature of the Northwest Information Center in 
Portland and DOGAMI field offices in Grants Pass 
and Baker City. Materials will provide resources to 
homeowners on how to protect their homes and fami
lies from earthquake damage. 

• DOGAMI Earthquake hazard maps and related materi
als will be sold at a 20-percent discount at the Nature 
of the Northwest Information Center during April. 
That includes relative hazard maps of the Portland, 
Mount Tabor, Beaverton, Lake Oswego, Gladstone, 
Linnton, and Salem East/Salem West quadrangles 
and of the Siletz Bay area and a statewide probabilis
tic map. (A list is available from the Center and can 
also be found on the DOGAMI homepage under 
http://sarvis.dogami.state.or.us/eq/eqpblst5.htm-ed.) 

• The free booklet, "Before Disaster Strikes" is offered 
through the Oregon Trail Chapter of the American 
Red Cross. This complete guide highlights prepared
ness measures for most emergencies, with heavy em
phasis on earthquakes. 

• In the Portland area, the Oregon Trail Chapter of the 
American Red Cross and local emergency managers 
will distribute earthquake education kits to elemen
tary schools. 

Last year's biennial "QuakeEx" earthquake simulation 
was cancelled because emergency responders were busy 
with the floods. The exercise is planned for April 1998. 0 

Corrections 
With apologies to authors and readers, we have to cor

rect two errors that slipped into the last two issues: In the 
November 1996 issue, volume 58, number 6, on page 148, 
the right-hand column in Table 3 lists "Average expected 
value of losses" in thousands (not millions) of dollars-as 
is apparent from other places in Bob Whelan's article. And 
in the January 1997 issue, volume 59, number 1, page 2, the 
"In memoriam" column for John Eliot Allen should have 
said that Allen died December (not November) 17, 1996. 0 
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Preparing for earthquakes in Oregon 
by fumei Wang, Oregon Department of Geology and Mineral Industries 

This article is a slightly modified version of a paper by YUIllei Wang, Geotechnical Engineer and Director of Earthquake Programs 
of the Oregon Department of Geology and Mineral fudustries. The paper will be included in Engineering and Environmental Geology 
a/Oregon: Case Histories, an upcoming publication sponsored by the Oregon Section of the Association of Engineering Geologists. 
The paper is presented here because April is Earthquake Awareness Month-an appropriate time to examine what has been and is 
being done in the State of Oregon to prepare for earthquakes and to consider what other steps need to be taken to protect Oregonians 
and their property from earthquakes. -ed. 

ABSTRACT 
This paper traces the changes in the understanding of 

Oregon's earthquake hazards and provides an overview of 
how Oregon addresses reducing earthquake risks. The 
threat of a great Cascadia subduction zone earthquake iden
tified during the last decade and the occurrence of two rela
tively minor yet damaging "wake-up calls" with the Scotts 
Mills and Klamath Falls earthquakes of 1993 have under
scored the reality of earthquake hazards in Oregon. While 
periodic earthquake shaking has been reported in Oregon 
for over the last century and a half, modem earthquake 
monitoring has been possible only for the past few decades. 
Most of the earthquake hazard assessment and mitigation 
efforts made to date have been accomplished within the last 
decade, and public awareness has risen remarkably during 
that same period. Major federal, state, and local govern
ment agencies and private organizations support earth
quake risk reduction and have made significant contribu
tions. Despite the progress, Oregon still remains underpre
pared. Many structures and lifelines, such as buildings, 
bridges, and water systems, need to be strengthened, and 
land use planning needs to be improved. 

INTRODUCTION 

Some people who used to live in Oregon believed so 
strongly that earthquakes pose a tremendous threat that 
they have packed their belongings and moved out of the 
state. Others have sought refuge from earthquake hazards 
by moving to Oregon after the 1989 Loma Prieta earth
quake in California. These extreme cases illustrate the 
range of problems that people are having in understanding 
and responding to earthquake hazards in Oregon. 

Earth scientists now believe that all parts of Oregon can 
be shaken by earthquakes. Oregon lies where two tectonic 
plates, the North American plate and the Juan de Fuca 
plate, are colliding, and the Juan de Fuca plate is being 
forced to dive under the North American plate along a large 
active fault called the Cascadia subduction zone. Earth
quakes can occur within the Juan de Fuca plate (such earth
quakes are called intraplate earthquakes), in the overriding 
North American plate (called crustal earthquakes), or along 
the Cascadia subduction zone, which is the interface be
tween the two plates (called subduction zone earthquakes). 
All three possible earthquake types (intraplate, crustal, and 

subduction zone) (Figure 1) can severely impact the state. 
Active volcanoes in the Cascade Range present another 
earthquake source. 

Although the number of earthquakes in Oregon's 
recorded history is limited compared to that of California or 
Washington, earthquakes have occurred in every Oregon 
county. Surface expressions of faults capable of producing 
earthquakes are sparse, but young faults (defined here as 
active within the Quaternary Period, the last l.6 million 
years) have been mapped in almost every county in Oregon 
(Figure 2). These facts show Oregon's earthquake potential 
despite its moderate level of seismicity and suggest the exis
tence of a significant seismic threat to the inhabitants. 

EARTHQUAKE SOURCES 
AND THEIR SIGNIFICANCE 

The western part of the Pacific Northwest lies in an ac
tively converging plate-tectonic setting. The scenic topog
raphy along the coast, throughout the Willamette Valley, 
and in the Cascades, was essentially created by plate tec
tonic activity related to the Cascadia subduction zone, the 
active fault zone separating the Juan de Fuca and North 
American plates. The Juan de Fuca plate extends from 
northern California to British Columbia and lies just off 
Oregon's coastline. This plate is continually being 
"subducted" or forced under the North American plate 
(Figure 1). As a result, the highly publicized Cascadia sub
duction zone "megathrust" earthquake is expected to occur 
sometime in the future along the boundaries of these plates. 
Although no significant Cascadia subduction zone earth
quake has occurred in historic times, several large
magnitude subduction zone earthquakes ate thought to 
have occurred during the past few thousand years, with the 
last event about 300 years before the present (Atwater and 
others, 1995). The maximum magnitude of Cascadia sub
duction zone earthquakes, for both past and future events, 
is estimated to be about 8.5-9.0. 

Intraplate earthquakes occur within the subducting Juan 
de Fuca plate at depths of 40-60 km. The maximum magni
tude of an intraplate earthquake is estimated to be about 
7.5. Although numerous microearthquakes have been iden
tified as intraplate events in Oregon, none has been of sig
nificant magnitude. The Puget Sound region in Washington 
has experienced two significant intraplate events in modem 
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Figure 1. Map and cross section showing the North American plate, the Juan de Fuca plate, the Cascadia subduction 
zone, and typical locations for the three earthquake types discussed in the text. Figure modified from Anthony Qamar. Uni
versity of Washington (written communication, 1996). 

times, in 1949 and 1965, with magnitudes of 7.1 and 6.5, 
respectively. Both events caused serious local damage and 
were felt in Portland and as far away as Montana. 

Shallow crustal earthquakes typically occur within the 
overriding North American plate at depths of 10-25 km. 
The 1993 M 5.6 Scotts Mills earthquake (Figure 3) cen
tered northeast of Salem was a crustal event, as were the 
1993 Klamath Falls earthquakes (M 5.9 and M 6.0). The 
maximum estimated magnitude of a crustal earthquake 
ranges from 6.5 to over 7.0. In 1962, aM 5.5 event with a 
maximum intensity ofMM VII (Bott and Wong, 1993) that 
occurred in the Portland area was felt a distance of 150 mi 
away (Dehlinger and Berg, 1962; Dehlinger and others, 1963). 

Volcanic earthquake sources, such as at the Mount St. 
Helens seismic zone in Washington and the less active 
Mount Hood area in Oregon, generally pose a lesser threat 
than the other types of earthquake sources. Seismic volca
nologists limit the maximum magnitude of volcanic earth
quakes to about 51;4. Two volcanic earthquakes ofM 4.9 and 

M 5.1 occurred in May 1980 at the time of the Mount St. 
Helens volcanic eruption (Steve Malone, University of 
Washington, personal communication, 1996). 

A recent statewide seismic study commissioned by the 
Oregon Department of Transportation (ODOT) includes a 
map onto which the locations of all known Quaternary
active faults and earthquake epicenters since 1827 were 
compiled. The report, which also includes probabilistic 
ground motion maps, provides the most current and com
prehensive data available for the state (Geomatrix Consul
tants, Inc., 1995). This information is being used by ODOT 
to provide ground motion parameters necessary for design, 
construction, and earthquake mitigation of the state-owned 
road system. 

A recent study of historic earthquakes in the greater 
Portland area indicates that several earthquakes larger than 
M 5 have occurred in the Willamette basin over the last 150 
years and gives descriptive accounts of each earthquake 
(Bott and Wong, 1993). 
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THE GROWING UNDERSTANDING 
Earthquakes were felt in Oregon as early as 1877 

(Algermissen, 1983). Human recollections of earthquakes 
tend to fade quickly, however, and the general sentiment 
has been that "Oregon is not earthquake country." As early 
as 1912, geologists recognized and documented the fact 
that Oregon was seismically active (Smith, 1919). Despite 
early scientific recognition, the public failed to understand 
and appreciate the seismic risk for many decades. During 
the past decade, however, there has been increasing ac
knowledgment that earthquakes pose a real threat to the 
state's inhabitants. 

In reality, the seismic risk is getting more severe, not 
because the level of seismicity is increasing, but because the 
population is increasing. With more people, more build
ings, more infrastructure, and more businesses and indus
tries in the state, more is at stake. It is fortunate that the 
awareness of Oregon's seismic threat has grown from 
"almost nil by most" to "well recognized by many." Fur
thermore, awareness of Oregon's vulnerability to earth
quakes has even reached the national level, and several sig
nificant Portland-based seismic projects that will be dis
cussed later in this paper were federally supported. 

The first major earthquake risk studies in the Pacific 
Northwest, however, were related to siting of nuclear power 
plants. In 1970, when the siting of the Trojan nuclear 
power plant near Rainier in Columbia County was under 
consideration, the realization of the need for considering 
earthquake risk for the siting of this facility led to an inves
tigation of earthquake potential and risk within the state 
(see appendix of Oregon Department of Geology and Min
eral Industries, 1978). 

The question of seismic hazards at Trojan was later re
visited. In 1978, the Oregon Department of Geology and 
Mineral Industries (DOGAMI) conducted an independent 
geologic hazard review of the site, including earthquake 
hazards (Oregon Department of Geology and Mineral In
dustries, 1978). In 1981, following the May 1980 Mount St. 
Helens volcanic eruption, DOGAMI geologists conducted a 
seismic and volcanic hazard evaluation of the Trojan site 
(Beaulieu and Peterson, 1981). The 1981 study indicated 
that the maximum possible earthquake in the source region 
was in the range of M 5.2 to M 6.2. This report also de
scribed the plate tectonic setting off the coast of Oregon and 
presented the seismic potential associated with the Casca
dia subduction zone as an unresolved question. 

The first notable regional seismic study was performed 
in 1972. It was conducted to assess ground motion charac
teristics in the federal Bonneville Power Administration 
service area (Shannon and Wilson, Inc., 1972), which in
cludes Oregon, Washington, Idaho, and western Montana. 
At that time, the still relatively new theory of plate tecton
ics, which helped to explain the nature of earthquakes, was 
gaining broad acceptance. The report's findings alluded to 
the existence of the Cascadia subduction zone and stated 
that "it is generally recognized ... that the Pacific North-

west is not the site of major tectonic thrusting, nor is it as 
inactive as the central area of a tectonic plate." The study 
surveyed historic earthquakes and considered an earth
quake of "magnitude mb = 6.5 as the likely maximum for 
Portland and vicinity" (Shannon and Wilson, Inc., 1972). 

Among many important studies on the Cascadia subduc
tion zone, the following three played a key role in leading 
toward the current mainstream understanding that the Cas
cadia subduction zone is an active subduction zone: First, 
in 1981, findings from a study on geodetic strain measure
ments in Washington indicated that, in the vicinity of the 
Olympic Peninsula, measurable horizontal strain parallel to 
the direction of plate-convergence had accumulated over a 
lO-year observation period (Savage and others, 1981). 
This manifestation of crustal shortening indicated that 
active convergence was taking place on the Cascadia 
subduction zone and supported a history of subduction 
zone earthquakes. Second, in 1984, a study that compared 
the Cascadia subduction zone with many other subduction 
zones around the world was published (Heaton and 
Kanamori, 1984). The authors noted the low level of seis
micity associated with the Cascadia subduction zone and 
provided three possible explanations: "(1) The North 
American and Juan de Fuca plates are no longer con
verging; (2) the plates are converging, but slip is accom
modated aseismically; or (3) the northwestern United 
States is a major seismic gap that is locked and presently 
seismically quiescent but that will fail in great earth
quakes in the future." The authors concluded that the plate 
convergence rate appeared to be 3-4 cm/yr and "that there 
was sufficient evidence to warrant further study of the pos
sibility of a great subduction zone earthquake in the Pacific 
Northwest." Finally, a 1987 paper by B.F. Atwater (1987) 
presented paleoseismic evidence (buried peat soils) for 
great Holocene earthquakes along the outer coast of Wash
ington. These three studies have fundamentally shaped 
the way earth scientists currently view the Cascadia sub
duction zone and its potential impact on Oregon. 

In 1987, the Oregon State University Geology Depart
ment and DOGAMI hosted a landmark professional gath
ering at the Oregon Academy of Science in Monmouth, 
Oregon. For the first time, earth scientists gathered to
gether to discuss the potential of a Cascadia subduction 
zone earthquake. Later that same year, DOGAMI hosted a 
"cluster" meeting of regional state surveys with U.S. Geo
logical Survey (USGS) scientists to discuss earthquake 
hazards in the Pacific Northwest. With the added mo
mentum generated by these scientific enthusiasts, the 
USGS was convinced that the Portland, Oregon, area 
was vulnerable to major earthquakes. This led to a Cooper
ative Agreement between the USGS and DOGAMI that in
volved collecting earthquake-related geologic data in the 
greater Portland area and educating the public on earth
quake hazards. These initial meetings directed 
DOGAMI to assist in leading many of the present-day 
statewide earthquake efforts. 
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CURRENT STATE OF UNDERSTANDING 
Since 1987, voluminous research findings support the 

fact that the Cascadia subduction zone is active and a 
threat. These research data are from three primary sources: 
(I) prehistoric earthquakes, (2) instrument-recorded earth
quakes, and (3) geologic records from old earthquakes. 
More specifically, data on prehistoric earthquakes include 
Native American legends and Japanese historic documents. 
Instrument-recorded earthquake data include geophysical 
and seismicity analyses, geodetic (including global posi
tioning system [GPS]) analyses, and heat-flow analyses. 
The geologic evidence of old earthquakes (paleo seismic 
data) comprises the most compelling evidence and includes 
earthquake-induced landslides (in Washington State), 
marsh soils buried and forests drowned by coseismic subsi
dence, tsunami sand deposits, liquefaction features, tur
bidites, and offshore submarine landslide features possibly 
related to past Cascadia subduction zone events. 

By the early 1990s, the idea of the threat of a Cascadia 
subduction zone earthquake in the Pacific Northwest was 

accepted by many in the scientific community; by the mid-
1990s, the idea was much more widely accepted. In April 
1996, at the Geological Society of American Cordilleran 
Section conference in Portland, a straw poll of some 150 
earth scientists attending a session on Cascadia subduction 
zone earthquake issues indicated they all believed that the 
Cascadia subduction zone could experience a M 8 or larger 
earthquake. 

The most pressing unresolved problem that remains 
for most scientists is not whether a Cascadia subduction 
zone event will occur but rather how big it can be and 
how often it will occur. Some scientists believe that M 8 
is the upper magnitude limit, while others believe that an 
event even greater than M 9 is possible. One can assert, 
based on presumed rupture zone, paleoseismic evidence, 
and historic Japanese tsunami records, that it is possible for 
the Cascadia subduction zone to generate an earthquake 
greater than M 9. One counterargument is that major off
shore strike-slip faults, such as the offshore Wecoma fault 
located west of Siletz Bay in Lincoln County (Goldfinger 
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Figure 2. Map shOWing young faults in Oregon. Map from Geomatrix Consultants, Inc. (1995). 
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and others, 1992), may divide the Cascadia subduction 
zone into "segments" and limit the size of the maximum 
possible earthquake to M 8 or so. Although the possible 
maximum magnitude question needs to be pursued, clearly, 
even aM 8 event would be ominously large and would im
pact a widespread region. 

How often do these great subduction zone earthquakes 
occur? Current thinking limits the range for the average 
recurrence interval (the time between earthquakes) to be
tween 400 and 600 years (Atwater and others, 1995). The 
recent Geomatrix Consultants, Inc. (1995) study narrows 
the estimate of the recurrence interval to 450±150 years. 
Japanese historic documents describing a tsunami not pre
ceded by a local earthquake suggest that the most recent 
Cascadia subduction zone event occurred on January 26, 
1700 (Satake and others, 1996). 

Although these questions of magnitude and frequency of 
a Cascadia subduction zone earthquake cannot be defini
tively answered at this time, our understanding of earth
quake hazards is at the level where we can say, "There is 
consensus in the scientific community that in Oregon 
strong ground shaking from earthquakes is inevitable and 
poses a significant threat." 

NEED FOR ACTION 

Giving society a better chance to function in personal 
and economic safety and with minimal disruption after 
an earthquake involves a concentrated effort among 
many people. It is no easy task to convey to the commu
nity at large the importance of being well prepared and 
the necessity of taking concrete steps to get prepared. 
For instance, many who purchase earthquake insurance 
do not realize that being insured does not equate with 
being adequately prepared. Having insurance does not 
prevent fatalities, strengthen facilities, or stave off dam
age in any way-being prepared does. 

Therefore, the next fundamental steps are to define 
the "hazards" associated with ground shaking and to 
identify the "risks" associated with the hazards. "Haz
ards" are important only when there are "risks," and the 
level of risk depends not only on the hazards present but 
also the amount of exposure (population and buildings). 
Therefore, the higher the hazard and the greater the ex
posure (such as vulnerable populations or weak build
ings), the higher the risk. Risk includes not only fatali
ties, injuries, and property damage, which are immedi
ate impacts, but also lifeline interruption, business inter
ruption, worker displacement, homelessness, and other 
effects that can have a serious long-term impact on re
covery from an earthquake. 

The next steps are to identify ways to reduce these risks, 
mitigate the unacceptable risks to acceptable levels, and de
velop policies to reduce risk. The following discussion re
views how reduction of earthquake risks has been ad
dressed through state legislation and organized efforts 
in Oregon. 

STATE LEGISLATION 
A broad array of earthquake-related state legislation has 

been introduced over the last decade, and many laws have 
been passed to help improve earthquake preparedness in 
Oregon. Listed below are the more important items of legis
lation that have been passed and written into the Oregon 
Revised Statutes (ORS). 

In mid-1989, the Oregon legislature expanded the scope 
of DOGAMI's responsibilities, thereby requiring the 
agency not only to develop an understanding of hazards, 
including earthquakes, landslides, tsunamis, and floods, but 
also to mitigate the loss of life and property these hazards 
can cause (ORS 516.030[3]). 

Following the October 1989 Loma Prieta earthquake, 
then Governor Goldschmidt created a task force to evaluate 
Oregon's seismic vulnerability. In response to the task force 
findings that indicated the general vulnerability ofthe state, 
the Governor issued an Executive Order (E0-90-02) to 
form a eight-member commission. In 1991 legislation, this 
commission was formally established as the Oregon Seis
mic Safety Policy Advisory Commission (OSSPAC) (ORS 
401.337 to 401.353). OSSPAC's mission is to reduce expo
sure to earthquake hazards through education, research, 
mitigation, and response preparation. In 1995, four more 
members were added to OSSPAC. 

Also in 1991, DOGAMI introduced State Senate Bill 96, 
which involved several seismic issues and became law. It re
quired site-specific seismic hazard investigations for essential 
facilities, major structures, hazardous facilities, and special
occupancy structures (e.g., schools and hospitals); the filing 
of the hazard investigation reports with DOG AMI; and a 
program for the installation of strong-motion accelero
graphs in or near selected major buildings (ORS 455.447). It 
also required "duck, cover, and hold" drills to be conducted for 
grades K-8 in public schools (ORS 336.071). 

By 1992, there was substantial support of seismic miti
gation by State Legislators and executive leaders. The Ore
gon Legislative Emergency Board increased DOGAMI's 
base budget to cover the salary of an earthquake geologist 
(initially funded by the previously mentioned USGS Coop
erative Agreement). 

In 1993, the Building Codes Division (BCD) of the De
partment of Consumer and Business Services adopted a 
zone change from Seismic Zone 2B to Seismic Zone 3 in 
western Oregon (Figure 4). This change meant that new 
buildings were required to meet a higher standard of seis
mic strength. That same year, the State Senate adopted Sen
ate Joint Memorial (S1M) 12, which asked Congress to re
tain existing earthquake funding levels and encouraged fed
eral agencies to assist Oregon, California, Alaska, and 
Washington in earthquake hazard mitigation efforts. 

In 1993, Senate Bill 81 designated $4.3 million in lot
tery funds for reinforcing the poorly constructed State Capi
tol dome, which was damaged from low levels of shaking 
during the 1993 Scotts Mills earthquake. The Legislative 
Administrative Committee oversaw this retrofit work and is 
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pursuing additional seismic strengthening of the remainder 
of the State Capitol Building. 

Most recently, in 1995, 14 earthquake-related bills were 
introduced into the legislature. Passage of several of them 
resulted in new or changed Oregon Revised Statutes (ORS). 
Included among the new statutes were a requirement for 
tsunami drills and education in schools (ORS 336.071), a 
requirement that essential and special occupancy structures 
be built outside the tsunami zone (ORS 455.446), the cre
ation of a Seismic Rehabilitation Task Force to make rec
ommendations to the legislature for the seismic rehabilita
tion of existing buildings (ORS 455.395[4]), provisions for 
entering and inspecting earthquake-damaged buildings 
(ORS 455.448), and provisions·for the abatement of unsafe 
buildings (ORS 455.449). 

The Seismic Rehabilitation Task Force was created in 
1995 by the legislature and appointed by the Governor in 
consultation with the State Geologist. This 13-member 
Task Force convened to examine the safety of buildings that 
were built under prior building code criteria and to make 
recommendations to the 1997 Legislature for any seismic 
rehabilitation that should be required in those existing 
buildings to protect the public from seismic risk. The iden
tification of existing buildings that require mitigation and 
the implementation of mitigation measures are highly com
plex and controversial issues. A report containing the rec
ommendations of the Task Force was submitted to the legis
lature in September 1996 and developed into 1997 House 
Bill 2139. 

House Bill 2139 proposes a survey over the next six 
years that will determine the type of construction and de
gree of safety of each building in the state, except for one
and two-family homes and other exempt structures. House 
Bill 2139 also proposes that seismic rehabilitation be per
formed in a three-stage time frame, dating from notification 
that results from the survey: (1) within 15 years, for unrein
forced masonry (URM) buildings with parapets, signs, and 
other appendages, except for cornices and nonstructural 
cladding, that may constitute a falling hazard during an 
earthquake; (2) within 30 years, for the remainder of the 
URM buildings; and (3) within 70 years, for all other un
safe buildings. The upgrading may be stimulated by tax 
credits, property tax abatements, and public education. 

LEADING ORGANIZATIONS 

Experience has shown that public expenditures for miti
gation (e.g., risk reduction of loss of life and property) are 
dramatically less than the costs of reconstruction following 
a disaster. The potential billions of dollars that will be spent 
in Oregon on reconstruction and business interruption 
losses by governments, private insurers, and the public can 
be minimized by mitigation expenditures to an amount on 
the order of only millions. The benefit-to-cost ratio is gen
erally estimated to be somewhere between 10: 1 and 100: l. 
More importantly, many needless fatalities can be avoided. 

Several organizations have led the effort on reducing 

earthquake risks. These organizations included DOGAMI, 
Metro (Metropolitan Portland area regional government), 
Oregon Seismic Safety Policy Advisory Commission, 
Building Codes Division, Seismic Rehabilitation Task 
Force, Oregon Department of Transportation, and Oregon 
Emergency Management. Their most significant contribu
tions are described below. 

Oregon Department of Geology and Mineral Industries 

In addition to its other responsibilities, DOGAMI has 
the legislature's mandate to better understand and mitigate 
earthquake hazards. Part of the agency's mission is to 
"reduce the future loss oflife and property due to potentially 
devastating earthquakes." Realizing that the state is cur
rently underprepared to suffer a destructive earthquake, the 
agency applies its earthquake efforts in three broad areas: 
(1) earthquake hazard identification, (2) mitigation of 
earthquake hazards, and (3) increasing earthquake hazard 
awareness. Although the agency provides technical infor
mation, it also encourages policy applications associated 
with its efforts. 

Earthquake hazard identification: Since the year 1987, 
DOGAMI has incorporated earthquake hazard identifica
tion into the agency's scope of work. DOGAMI concluded 
that hazard identification was best approached by evaluat
ing ground response from source-independent earthquakes, 
rather than by attempting to determine the locations of all 
active faults. The agency further concluded that the 
geology-related hazards that contribute to most of the dam
age are strong ground shaking (including amplification of 
peak ground accelerations), landsliding, and liquefaction. 

DOGAMI has focused on earthquake hazard identifica
tion by developing geology-based earthquake hazard maps 
that indicate susceptibility to ground shaking amplification 
of peak ground accelerations, landsliding, and liquefaction 
susceptibility. Also, a general hazard composite map was 
produced by combining these three hazards with geo
graphic information system (GIS) tools. Information on ex
pected ground response from these regional maps can be 
used for a variety of purposes and applications. For exam
ple, in the case of new buildings, consideration of the siting 
of facilities may be based on expected ground response, and 
the level of the geotechnical investigation, design, and con
struction may be scaled according to the expected hazards. 
For existing buildings, the maps can be used to conduct a 
systematic risk assessment, so that property owners have 
the information needed to prioritize retrofit of their struc
tures. The maps can also help facilitate prudent regional 
land use planning and emergency response planning both 
before and during an earthquake disaster. 

Hazard mapping is under way in several urban areas, 
induding the outer reaches of the greater Portland area and 
the greater Eugene and Springfield area. Mapping has been 
completed for most of Portland, for Salem, and for the 
Siletz Bay area in coastal Lincoln County. Continued map
ping efforts are projected for Klamath Falls and 24 small-
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evaluation from a design earthquake for each county. The 
study led to the result that over the next 55 years, the esti
mated average annual loss in Oregon would total over $100 
million (Whelan and Mabey, 1996). 

The agency encourages local partnerships and coopera
tion with communities, so that a systematic evaluation of 
risk can be better understood and mitigation efforts can be 
prioritized. An additional element is cooperation with local 
officials, such as land use and emergency planners and build
ing officials, to incorporate the understanding of the mapped 
hazards and risks into everyday practices, plans, and policies. 

Increasing earthquake hazard awareness: Earthquake 
risk can be reduced by increasing hazard awareness in the 
public. DOGAMl engages in technology transfer and public 
education by leading and participating in committees, con
ferences, workshops, and applied sessions with targeted au
diences, including planners and building officials, and by 
developing and distributing fact sheets and brochures. 
Some outreach includes disseminating information through 
media, schools, and universities and supporting continuing 
education and studies for organizations such as the Oregon 
Building Officials Association, Oregon Planning Institute, 
American Society of Safety Engineers, Oregon Occupa
tional Safety and Health Division of the Department of 
Consumer and Business Services, Oregon League of 
Women Voters, Northwest Power Pool (lifeline managers), 
and insurers. DOGAMI also assists with preparedness ef
forts of the American Red Cross. 

Metro 

Metro is authorized through its charter to address 
natural-disaster planning and response coordination in the 
greater Portland area. The agency's focus to date is on col
lection and dissemination of seismic risk information and 
on interaction with federal, state, and local governments, 
businesses, utilities, and special-interest groups in develop
ing a regional earthquake preparedness program. 

Metro was a key player in the Regional Planning Group 
that created the Regional Emergency Management Work
plan, with the stated goal "to determine the emergency 
management issues and needs of the region and propose 
methods of coordinating, improving, and maintaining the 
emergency services system in the region." A geographic in
formation system (GIS) database with regional infrastruc
ture and building inventory is about half completed and has 
been shared with those who are conducting the National 
Institute of Building Sciences (NIBS) damage and loss as
sessment of the greater Portland area. 

In early 1994, Metro formed the Metro Advisory Com
mittee for Mitigating Earthquake Damage (MACMED) to 
support cooperative efforts among community members 
and to address regional policy issues regarding uses of the 
DOGAMl earthquake hazard maps. In May 1996, MACMED 
completed its efforts to tie earthquake hazard maps to land 
use planning and building practices and issued a report ti
tled "Using Earthquake Hazard Maps for Land Use Plan-

ning and Building Permit Application." Metro plans to pre
sent the recommendations in the report to the Metro Policy 
Advisory Committee and Metro Council for future action. 

Since 1993, Metro has sponsored several regional confer
ences that addressed earthquake hazards and emergency re
sponse. Metro is involved in several ongoing projects, includ
ing the NIBS-funded damage and loss study for the Metro area. 

Oregon Seismic Safety Policy Advisory Commission 
(OSSPAC) 

OSSPAC serves to reduce earthquake exposure and ad
vises the legislature and government agencies on earth
quake policy issues. OSSPAC includes representatives from 
the Building Codes Division, DOGAMI, the Department of 
Human Resources, Department of Land Conservation and 
Development, Department of Transportation, Oregon 
Emergency Management, Department of Water Resources, 
legislature, school districts, structural engineers, city gov
ernments, and county governments. 

While OSSPAC functions as a forum and is still in de
velopmental stages, it has identified the potential risk from 
existing buildings and bridges as the greatest earthquake
related risk the state now faces. OSSPAC played a vital role 
in presenting legislation that upgraded Oregon's building 
requirements from Zone 2B to Zone 3 for western Oregon. 
Currently, OSSPAC is evaluating the policy issues sur
rounding a possible change of seismic zone ratings along 
the Oregon coast for the Building Codes Division. 

Department of Consumer and Business Services, Build
ing Codes Division (BCD) 

BCD sets state requirements of the minimum design and 
construction standards for new buildings. In 1993, BCD 
upgraded the Oregon Structural Specialty Code (OSSC) 
seismic zonation rating for western Oregon and Hood River 
and Klamath Counties from Zone 2B to Zone 3, which re
quires that new buildings be built to higher seismic standards. 

Also since 1993, BCD requires that site-specific seismic 
hazard investigations be performed for new essential facili
ties, major structures, hazardous facilities, and special
occupancy structures such as hospitals, schools, and emer
gency response facilities. BCD is currently evaluating the 
merits of changing the requirements of coastal Oregon, 
such as possibly upgrading to a Uniform Building Code 
Zone 4 rating, and is active on several earthquake commit
tees and continuing education programs. 

Oregon Department of Transportation (ODOT) 

ODOT has focused on reducing seismic risks by placing 
an emphasis on strengthening future construction and by 
developing a priority list for retrofitting existing structures. 
Starting in 1991, ODOT began seismic retrofit of high
priority bridges, a screening of all state-owned bridges for 
seismic retrofit prioritization, and installation of a statewide 
seismic strong-motion instrumentation network. By 1995, 
ODOT had concluded its seismic hazard mapping project 
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for the state. The agency is con-
tinuing its aggressive search for 
funding alternatives for seismic 
strengthening of bridges and is 
moving forward as well on other 
mitigation efforts. 

Department of State Police, 
Oregon Emergency Manage
ment (OEM) 

... 

or 

CJ SEISMIC ZONE 28 
_ SEISMIC ZONE 3 

OEM is charged with apply
ing for and administering disas
ter and other grants related to 
emergency program manage
ment and emergency services for 
the state. OEM coordinates the 
activities of all public and pri
vate organizations providing 
emergency services within the 
state. Most of the coordination 
efforts are related to planning for 
and conducting emergency re
sponse. OEM coordinates the re
sponse to an earthquake, which 
includes providing inspectors to 

Figure 4. Seismic zone map of Oregon. Prior to the 1993 change of the Oregon 
Structural Specialty Code, all of Oregon was Seismic Zone 2B. 

assess damage. OEM led its first biannual statewide emer
gency response exercise for a Cascadia subduction zone 
earthquake scenario (QuakEx) in 1994 and continues 
scheduling the exercise on a biannual basis, involving 
many public and private organizations and sponsoring con
ferences and education focused on mitigation. 

OTHER GOVERNMENT ORGANIZATIONS 

Other organized efforts by agencies on the federal, state, 
and local government levels, some of which some are part
nerships among various governmental agencies and private 
groups, are listed below. For the purposes of this paper, in
formation about partnership efforts is generally provided 
under the section of the leading organization. 

Federal Emergency Management Administration (FEMA) 

FEMA is charged with mitigating the effects of natural 
disasters and responding to needs that develop after a disas
ter. FEMA provides disaster relief funds following an emer
gency and works most closely with OEM (for example, in 
response to the 1993 Scotts Mills and Klamath Falls earth
quakes). FEMA has helped elevate the awareness of Ore
gon's seismic risk to the national level and has been a 
strong financial supporter of earthquake mitigation projects 
in the Portland area, including the Portland area earth
quake hazard mapping project. 

u.S. Geological SUn'ey (USGS) 

The USGS actively engages in earthquake research and 
also strongly supports research by others by providing funds 
and professional involvement through a variety of means. 

Recent USGS research includes paleoseismic investigations 
along the Columbia River, aeromagnetic surveys of the Port
land area and the northern Willamette Valley, recordings of the 
1993 Scotts Mills and Klamath Falls earthquake after
shocks by deployment of temporary seismometers, evaluation 
oflandslides induced by the 1993 Klamath Falls earthquake 
and of slopes in the greater Eugene and Springfield area 
that are prone to fail in earthquakes, and evaluation of 
crustal strain related to the Juan de Fuca plate subduction 
zone through a global positioning system (GPS) network. 

In addition, the USGS funds the Pacific Northwest Re
gional Network, with headquarters at the University of 
Washington (UW), which provides earthquake recording 
coverage of much of Oregon. Other parts of Oregon are 
covered by Boise State University. The USGS, UW, and 
DOGAMI are currently initiating a system that allows 
for real-time monitoring of earthquakes. The USGS par
ticipates in partnership efforts (FEMA, DOGAMI, and 
California Division of Mines and Geology) to develop 
standardized methods of making earthquake hazard maps. 

National Earthquake Hazards Reduction Program 
(NEHRP) 

NEHRP was established by act of Congress in 1977 and 
is charged with providing long-term, nationwide earth
quake risk reduction. NEHRP consists of federal agencies
FEMA, USGS, National Science Foundation (NSF), and 
National Institute of Standards and Technology (NIST) and 
awards grants on a competitive basis. NEHRP has funded 
such studies in Oregon as the evaluation of the 1993 Scotts 
Mills and 1993 Klamath Falls earthquakes, publication of 
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liquefaction maps in the greater Portland area, Portland 
area basin studies, Portland area probabilistic ground mo
tion studies, and Coos Bay area fault maps. 

National Earthquake Loss Reduction Program (NEP) 

NEP, which was formed in 1996 to focus on earthquake 
loss reduction by complementing NEHRP activities, is led by 
FEMA and involves many agencies in addition to those that 
make up NEHRP. The stated goals are to provide leadership 
and coordination for federal earthquake research, improve 
technology transfer and outreach, improve engineering of 
the built environment, improve data for construction standards 
and codes, continue the development of assessment tools for 
seismic hazards and risks, analyze seismic hazard mitiga
tion incentives, develop understanding of societal impacts 
and responses to earthquake hazard mitigation, and con
tinue documentation of earthquakes and their effects. 

National Institute of Building Sciences (NIBS) 

FEMA has sponsored NIBS to develop for NEHRP a risk 
assessment tool that estimates earthquake losses and that 
should be available in early 1997. Ultimately, local officials 
responsible for planning and stimulating mitigation efforts 
can utilize this methodology to reduce losses and better pre
pare for emergency responses and recovery following and 
earthquake. With results thus obtained by a consistent 
method, NEHRP can better determine the level of resources 
needed on a nationwide basis and more accurately allocate 
those resources to appropriate regions. 

At this time, three pilot studies to test the develop
mental software (HAZUS) produced by NIBS are being 
conducted. The greater Portland area was selected as the 
western U.S. site. 

Cascadia Region Earthquake Workgroup (CREW) 

CREW is a private-public coalition formed in 1995 that 
works to reduce the risk of Cascadia-region earthquake haz
ards by linking regional mitigation resources and encourag
ing regional mitigation projects. CREW consists of a broad 
spectrum of Northwest-based members, including represen
tatives of government, corporate, medical, financial, manu
facturing, utility, and transportation groups. CREW plans 
to develop earthquake scenarios of Cascadia subduction zone 
and Portland earthquakes to identify areas of high risk. 

Western States Seismic Policy Council (WSSPC) 

WSSPC is a policy consortium of 18 governmental bod
ies from 13 western states represented by their emergency 
managers and State Geologists, whose mission includes the 
sharing of information among the states for earthquake mit
igation purposes. 

Oregon Department of Land Consen'ation and Devel
opment (DLCD) 

DLCD supports earthquake hazard planning relating to 
its Comprehensive Plan Goal 7 on natural hazards and en-

courages prudent land use planning according to the 
MACMED report recommendations (see "Metro," above). 
DLCD participates in earthquake efforts together with 
OSSPAC and MACMED. 

Oregon State System of Higher Education 

All three ofthe state's major public universities, Univer
sity of Oregon, Oregon State University, and Portland State 
University, are involved with earthquakes and earthquake 
hazards in some capacity. At these institutions, the federally 
funded work conducted tends to be oriented towards basic 
research, whereas the state-funded work typically has more 
practical application. 

Some of this work has included the analysis of the Scotts 
Mills and Klamath Falls earthquakes, studies of offshore 
faults and geology, studies of paleoseismic evidence along 
the coast and the Columbia River, installation and opera
tion of a limited seismic network in cooperation with the 
Pacific Northwest Regional Network, geologic modeling 
and geophysical studies for supporting DOGAMI earth
quake hazard mapping, and course offerings and seminar 
lectures on earthquake engineering issues. 

Oregon Department of Education 

The Department of Education is generally concerned 
with seismic safety in schools. It supports the required 
monthly earthquake drills mandated in the Oregon Revised 
Statutes (ORS 336.072). The Department does not have au
thorization to mandate seismic safety efforts in schools but 
can make recommendations to local school districts on such 
issues. For example, it encourages use of a curriculum pro
duced by FEMA that focuses on mitigating nonstructural 
hazards in schools and assists schools in obtaining funds 
for these purposes. 

Oregon Department of Administrative Sen'ices (DAS) 

DAS is responsible for all state government buildings 
and has taken a leading role in applying the new earth
quake awareness to the safety of structures. The new state 
office building in Portland was built to Zone 3 standards in 
199111992-before Zone 3 was adopted by BCD. Existing 
structures, such as the Public Service building and the Pub
lic Utility Commission building in Salem, have been reha
bilitated for increased seismic resistance. 

Oregon Department of Water Resources (DWR) 

DWR safeguards many of the existing dams in the state. 
The agency has recently begun to consider earthquake 
safety of darns, for instance, as part of the dam relicensing 
process and has recommended installing seismic instru
mentation on dam sites. 

Oregon Boards of Geologist Examiners and Engineer
ing Examiners 

In late 1996, the Boards jointly adopted guidelines for 
the preparation of reports on seismic hazard investigations 
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required for new essential facilities, major structures, haz
ardous facilities, and special-occupancy structures. 

Local governments 

Implementation of earthquake preparedness policy 
often takes place at the local government level, in cities, 
counties, water districts, and on school boards. For exam
ple, many decisions regarding planning, building, strength
ening of structures, and post -disaster response are made at 
the local level. 

In August 1993, the City of Portland formed the Port
land Seismic Task Force to address the City of Portland 
Dangerous Building Code, which was substantially affected 
by the 1993 state building code changes. In order to deter
mine which existing Portland buildings need to undergo 
seismic rehabilitation, the task force initiated a risk study to 
determine acceptable levels of risk within its jurisdiction. 
The ultimate goal of the task force is to develop public poli
cies encompassing acceptable seismic practices involving 
the Portland Dangerous Building code and existing vulner
able structures. The history of the building codes for Port
land can be found in Kennedy (1996). 

PRIVATE ORGANIZATIONS 

Various branches of the professional engineering, earth
quake, and earth science communities have been actively 
involved in Oregon's earthquake issues. The Structural En
gineers Association of Oregon (SEAO) has recommended 
requiring continuing education for structural engineers to 
better address the increasing level of competence needed to 
design seismically resistant structures. The Oregon Chap
ters of the American Society of Civil Engineers (ASCE) 
and the Association of Engineering Geologists (AEG) have 
provided input on various proposed earthquake-related 
items of legislation and have offered numerous lectures on 
seismic issues. National conferences of ASCE and AEG 
covering Pacific Northwest earthquake issues are planned 
in 1997. The Earthquake Engineering Research Institute 
(EERl) and the Geological Society of America (GSA) have 
sponsored conferences centered on earthquake issues in the 
Pacific Northwest. 

The growing earthquake awareness and concern over 
earthquake preparedness and mitigation is reflected in the 
activities of many more organizations, institutions, media, 
and individuals. Coverage of earthquake-related issues has 
increased considerably in the region's public media. Educa
tional facilities have developed instructional programs such 
as the FEMA-funded "Seismic Sleuths" and "Tremor 
Troops" teacher workshops presented throughout the Pa
cific Northwest by the Oregon Museum of Science and In
dustry. Nonprofit organizations have been active in earth
quake awareness activities. For example, the League of 
Women Voters of Oregon conducted a statewide earthquake 
hazard and awareness study partially funded by DOGAMl 
that also raised awareness of earthquake issues at the com
munity level. The American Red Cross focuses on public 

education, preparedness, and emergency response aimed at 
families and businesses. 

DISCUSSION 

The understanding of Oregon's earthquake hazards and 
the way the state addresses earthquake risks have changed 
over the years. Periodic earthquake shaking has been felt in 
Oregon for over a century and a half. The great Cascadia 
subduction zone earthquake threat was identified in the past 
decade. The 1993 Scotts Mills and 1993 Klamath Falls "wake
up call" earthquakes confirmed to most people that earthquake 
hazards are present in Oregon. These recent events have dis
pelled the notion that Oregon was not earthquake country. 

Because earthquakes are low-probability catastrophic 
events, it is not easy to gain political support and the neces
sary resources to reduce earthquake risks. However, enough 
Oregonians have come to realize that the huge costs to soci
ety associated with damaging earthquakes can easily exceed 
the cost of reasonable efforts of preparedness, and attempts 
are being made to bring the state into a better position be
fore next big earthquake hits. 

Progress in identifying hazards and risks, estimating the 
damage and loss potential, reducing risks, and planning for 
emergency response has been made mainly in the last 
decade. In view of the fact that no major earthquakes that 
would raise public awareness have occurred yet, Oregon 
has made great strides. Many, in fact, consider Oregon to 
have created an exemplary framework of proactive steps 
that may be applied elsewhere in the nation to regions that 
can benefit from guidance in earthquake preparedness. Na
tional and regional awards have been granted to the 
DOGAMIlMetro hazard-mapping project for the Portland 
area. The surprising thing about Oregon's remarkable 
progress is that the earthquake mitigation efforts have been 
performed in fragments by various organizations without 
comprehensive oversight, whereas addressing the region as 
a whole would probably have been more efficient. Perhaps 
the most noteworthy aspect of the accomplishments is that 
the professional disciplines, including those within govern
ment agencies, have managed to overcome the common 
communication barriers between each other to the advan
tage of society and have taken decisive initial steps in the 
right direction. Still, Oregon remains largely underpre
pared for a significant earthquake, and much more effort is 
needed to lower the earthquake risk. 

History shows that every earthquake has been a 
"surprise." The exact timing of an earthquake always con
tains the element of surprise, because true prediction is not 
possible at this time, nor does it seem likely to be possible 
for decades to come. Also, earthquakes are all different in 
respect to their type, the environment in which they occur, 
and the built environment they affect. In seismically active 
regions, the earthquake "surprises" and the associated dam
ages and losses should not really be surprises. For that rea
son, inhabitants of seismically active regions have the op
portunity of being prepared for the next "surprise" earth-
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quake. It is possible to understand reasonable bounds of po
tential earthquakes and earthquake hazards, to approximate 
them through earthquake scenarios, and to reduce the risks 
to a reasonable level to the benefit of current populations 
and future generations. 

Many earthquakes around the world have had disastrous 
consequences. Preliminary estimates from earthquake 
damage-and-loss studies of the densely populated greater 
Portland area indicate that many hundreds of lives could be 
lost and that property loss could be on the order of tens of 
billions of dollars in such an event. Quantifying potential 
losses is one step in getting closer to the difficult question: 
"How much can we invest prudently in safer living?" 

Since 1993, a higher standard for the seismic safety of 
new buildings and seismic investigations of building sites 
for certain new structures, such as hospitals, schools, or 
emergency response facilities, have been mandated in Ore
gon. To achieve safer conditions for the entire community, 
however, more than just the safety of its new buildings must 
be assured. All buildings and the vulnerability of lifelines 
such as roads and water, waste-water, electricity, gas, and 
communication systems need to be addressed. Many need 
seismic strengthening. Realistic measures to prioritize seis
mic strengthening must be taken quickly and prudent land 
use measures established promptly. In addition, a higher 
degree of preparedness needs to be attained at many levels, 
from emergency response at the government level to disas
ter preparedness at the personal level. 
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Oil and gas exploration and development in Oregon, 1996 
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Table 1. Oil and gas permit activity in Oregon, J 996 

Pennit Operator, well, Pennit activity 
number API number Location (fD=totaI depth) 

500 Enerlin Resources Co. NWY<sec.26 Pennit issued; 
Columbia Co. 22-26-65 T. 6 N., R. 5 W. Proposed TD 
36-009-00320 Columbia County 1,730 ft. 

501 Enerlin Resources Co. NEY< sec. 20 Temporarily 
John Hancock 31-20-54 T. 5 N., R. 4 W. suspended; 
36-009-00321 Columbia County TD 2,436 ft. 

502 Enerlin Resources Co. NE';' sec. 27 Temporarily 
Columbia Co. 32-27-65 T. 6 N., R. 5 W. suspended; 
36-009-00322 Columbia County TD 2,084 ft. 

Columbia County 32-27-65, located in NEll! sec. 27, T. 6. 
N., R. 5 W, and drilled to total depth of2,084 ft, are located 
at the Mist Gas Field, Columbia County, and are temporar
ily abandoned pending further evaluation. 

Enerfin Resources abandoned two depleted former pro
ducing gas wells at Mist Gas Field during 1996. These are 
the Columbia County 34-28-65, located in the SEIf4 sec. 
28, T. 6 N., R. 5 W, and the Columbia County 12-19-65, 
located in the NWIf4 sec. 19, T. 6 N., R. 5 W 

During 1996, DOGAMI issued three permits to drill, 
while no permits were withdrawn or canceled during the 
year. Permit activity is listed in Table 1. 

PRODUCTION 

The Mist Gas Field was operated by Enerfin Resources 
and Northwest Natural Gas during 1996. During the year, 
21 natural gas wells were productive at Mist Gas Field, 14 
operated by Enerfin Resources and 7 by Northwest Natural 
Gas. This is about the same number of wells productive 
during 1995. Gas production for the year totaled 1.7 Bcf, 
which is lower than the production during 1995, when the 
Mist Gas Field produced 2.5 Bcf of gas. 

Most of the decrease in production can be attributed to 
normal decline in the production from the existing wells 
with no new wells brought on to production during the year. 
The gas price during 1996 was about 20 cents per therm, an 
increase over the 1995 price that ranged from between four 
cents to eleven cents per therm until December, when the 
price rose to 22 cents per thermo The total value of the gas 
produced at Mist Gas Field was about $3.4 million, which 
is higher than the $1.8 million during 1995 because ofthe 
higher gas price. Cumulatively, the Mist Gas Field has pro
duced about 60.0 Bcf of gas with a total value of $116.2 
million since it was discovered in 1979. 

GAS STORAGE 

The Mist Gas Storage Project remained fully operational 
during 1996. The gas storage project has nine injection
withdrawal service wells, five in the Bruer Pool and four in 
the Flora Pool, and 13 observation-monitor service wells. 
The two pools have a combined storage capacity of 10 Bcf 
of gas. This allows for the cycling of about 6 Bcf of gas in 
the reservoirs at pressures between approximately 400 and 

1,000 psi and will provide for an annual delivery of 1 mil
lion therms of gas per day for 100 days. During 1996, about 
4,813,386 cubic feet of gas was injected and 5,188,835 cu
bic feet of gas was withdrawn at the Mist Storage Project. 

Northwest Natural Gas Company began work during 
1996 to develop additional underground natural gas storage 
at the Mist Gas Field. This included natural gas injection 
and withdrawal testing of three former producing wells. 
The three wells were evaluated for injection and withdrawal 
rates from which data will be used to design and develop 
the additional underground natural gas storage. The wells 
that were evaluated were the Busch 14-15, located in the 
SWIf4 sec. 15, T. 6 N., R. 5 W; the Columbia County 
14-23, located in SWIf4 sec. 23, T. 6 N., R. 5 W; and the 
Columbia County 23-22, located in NWIf4 sec. 22, T. 6 N., 
R. 5 W In addition, Northwest Natural Gas conducted an 
extensive 3-D seismic program whose results will be used to 
develop the underground storage project. The seismic program 
was primarily located in four sections at Mist Gas Field: sees. 
22,23,26, and 27, T. 6 N., R. 5 W 

OTHER ACTIVITIES 

DOGAMI has completed a five-year study of the oil, gas 
and coal resource potential of the Tyee Basin located in 
Douglas and Coos Counties in the southern Coast Range. 
DOGAMI Oil and Gas Investigation OGI-19, Oil and Gas 
Potential of the Southern Tyee Basin, Southern Oregon 
Coast Range, includes a 141-page report plus maps and 
support data. The study was funded by landowners in the 
study area and by county, state, and federal agencies in a 
public-private partnership. OGI-19 is the final report of an 
investigation of the source rock, stratigraphy, and structural 
framework of the Tyee Basin for those characteristics that 
are needed to generate and trap oil and gas. A series of 
maps and preliminary reports that presented a revised un
derstanding of the geologic framework of the area had been 
published previously. The final report now concludes that 
the area has natural gas potential and presents plays for fu
ture exploration. Contact DOGAMI for a complete publica
tion list including those for the Tyee Basin study. 

The Northwest Energy Association remained active for 
the year and has over 100 members. At its regular monthly 
meetings, speakers give talks that are generally related to 
energy matters in the Pacific Northwest. The 1996 fall sym
posium was held at LaConner, Washington, and the 1997 
fall symposium will be held in Portland, Oregon. For infor
mation, contact the NWEA, P.O. Box 6679, Portland, Ore
gon 97228. 

During 1996, one change was made to DOGAMI admin
istrative rules pertaining to oil and gas operations. The 
change concerns temporary testing for underground natural 
gas storage. It gives DOGAMI the authority to permit tem
porary gas storage testing into an existing well without the 
use of a packer, a device for separating vertical zones in a 
well. Copies of current statutes and administrative rules can 
be obtained from DOGAMI. 0 
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OMSI opens "giant" exhibit 
The Oregon Museum of Science and Industry (OMSI) 

has brought a west coast exclusive blockbuster to Portland. 
AT&T will be the title sponsor of the exhibit entitled 
"Giants of the Gobi," which can be seen at OMSI from 
March I through September 1, 1997. The exhibit show
cases a rare and important collection of dinosaur and mam
mal fossils from the Gobi desert of Inner Mongolia. The 
collection, which contains 75 fossil specimens, including 
16 complete creatures, is on loan from the Inner Mongolian 
Museum in Hohhot, China, and has never been seen before 
in the western United States. 

AT&T's "Giants of the Gobi" is the largest exhibit ever 
staged by OMS!. The centerpiece of the exhibit, a giant 
sauropod, measures 25 ft tall and 85 ft long and is consid
ered to be one of the largest assembled dinosaur fossils in 
the world (see cover photo). Among the other giants are a 
17 -ft -tall mammoth, wooly rhinoceros, Protoceratops, Bac
trosaurus, Psittacosaurus, and Archaeornithomimus. Other 
highlights include nests, eggs, dinosaur tracks, turtles, and 
plants. Several specimens are shown still in matrix. 

With fossils dating back from 100 million years ago to 
30,000 years ago (mid-Cretaceous to late Pleistocene), the 
exhibit is designed to take the visitor on a journey through 
geologic time as well as to an authentic modem "dig" expe
rience, both in the field and at the research laboratory. The 
setting created by OMSI is that of Gobi desert scenery in 
which the fossil site was located. The free audio tape guide 
leads the visitor through the experience as a member of a 
dig team. 

As an additional experience, a working paleonotology 
laboratory project ofthe Northwest Museum of Natural His
tory Association can be seen in OMSI's Earth Science Lab
oratory. As Dave Taylor, director of the Association, de
scribes it, the project shows how work on a dinosaur pro
ceeds once it is brought in from the field. In this case, the 
object is a Triceratops skeleton, which members of the As
sociation recovered from eastern Wyoming. 

Admission to "Giants of the Gobi" is $9.50 for adults 
and $8.00 for seniors (63+) and youths (4-l3). It includes 
an audio tape tour, admission to the museum as well as a 
planetarium show. Members receive their first visit free; 
thereafter, they pay $3.50 for the audio tour headset. Mem
bers always have free access to all other exhibit halls. 

Opening times March 1 to May 23 are 9:30 a.m. to 5:30 
p.m., except on Thursdays, when closing time is 8:00 p.m. 
From May 24 through September 1, times will be 9:30 a.m. 
to 7:00 p.m. (8:00 p.m. on Thursdays). Tickets to the ex
hibit will be sold until 1 Yz hours before closing time; they 
are also available at Fastixx locations and at phone num
bers 1-800-992-8499 or (503) 224-8499. Information on 
special rates for groups is available at 1-800-955-0MSI or 
(503) 797-4629. 

OMSI can be reached by phone at (503) 797-4000. The 
World Wide Web address is www.omsi.edu. 0 

December fireball lights up NW skies 
by Richard N. Pugh, Science Department, Cleveland High 
School, Portland, Oregon 

At 6:14 a.m., December 17, 1997, the sky was clear for 
the first time in many weeks, and thousands of people were 
going to work, when a brilliant fireball appeared in the 
morning sky. It was seen in Oregon as far south as Salem, 
as far west as Clatskanie, and as far east as The Dalles. The 
northernmost sighting was Port Townsend in northwestern 
Washington. 

The fireball appeared to have formed above the Che
halis/Centralia (Washington) area. It descended toward the 
west at an angle of about 45°. The observed duration was 
from three to five seconds. Most observers reported the ob
ject to be brighter than a full moon and about the size of a 
full moon. The head of the fireball had a fairly long tail. 
Many colors were reported, with most people seeing a 
white to green object with a yellow tail. Many reports men
tioned sparks and flames in the tail. Some observers re
ported a bright flash as the fireball disappeared. 

No sonic booms or rumbling were reported. There is no 
evidence that this object produced meteorites. Although 
events like this happen several times a month, our frequent 
occurrence of cloud cover lets most of them go unnoticed. 
Perhaps only once or twice a year will a fireball produce 
meteorites in the Pacific Northwest. 0 

DOGAMI volunteers honored 
Since the Oregon Department of Geology and Mineral 

Industries (DOGAMI) first began to recceive help through 
its volunteer program in 1991, volunteers have donated 
7,577 hours, or 947 days, to the Department, including 
1,605 hours, or 202 days, during the past year 1996. 

The volunteers were honored at a recent dinner and are 
listed below with the hours they had donated through 1996: 

Sonya Bruce (46), Esther Kennedy (l32), Dorothy Blattner 
(l38), Joan Konner (407), Phyllis Thome (409), Phil Johnson 
(4l7), Charlene Holzwarth (459), Jan Murphy (609), Rose
mary Kenney (1,120), and Archie Strong (1,246). 0 

MineQuest 97 announced 
The Columbia Section of the Society of Mining, Metal

lurgy, and Exploration, Inc. (SME) will host the 1997 Pa
cific Northwest Metals and Minerals Conference in Spo
kane, Washington. The conference will be held April 
23-25, 1997, at the WestCoast Ridpath Hotel. The confer
ence theme is "MineQuest 97 -Technology Updates." 

The program will emphasize technology updates in the 
exploration, mining, processing, and reclamation aspects of 
the mining industry. Also included are field trips to area 
mines and processing plants. Get information from Andrew 
Berg at (509) 747-3659, e-mail:aberg@on-ramp.ior.com. 0 
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BOOK REVIEW 

by Beverly F. Vogt 

Bin Rock and Dump Rock, by John Eliot Allen. Hells 
Canyon Publishing, 1997, soft cover, 282 pages, $12.95 

John Eliot Allen, Emeritus Professor of Geology at Port
land State University, writer, one-time geologist for the 
Oregon Department of Geology and Mineral Industries 
(DOGAMI), and frequent contributor to Oregon Geology, 
died last December. Before his death, he had made arrange
ments to have Hells Canyon Publishing Company print his 
autobiography, Bin Rock and Dump Rock. Unfortunately he 
died before he saw the final printed version. Had he had 
seen it, he would have been delighted with it, because it is 
an attractive and thoroughly enjoyable book. To browse 
through it is to take a trip back in time to a different world 
where someone like John, who was willing to put heart and 
soul into his exciting chosen profession, was able to have a 
wonderful life. John Allen's love of life, family, and chosen 
career shines through every line of this delightful book. 
Reading it will be a pleasure to anyone who knew John 
Allen, who wants to know more about geology, who wants 
to learn how old-time geologists thought and acted, or who 
likes to read about the days when life was simpler and a 
field geologist could have a great time pursuing fascinating 
geologic questions. 

The title of this autobiography came from an old miner 
Allen encountered in his early days with DOGAMI. Allen 
was doing a survey of mines in Baker County. He started to 
tell an old miner the technical names of all the rocks in his 
mine but was interrupted by the miner who said, "Confound 
it, sonny, this here mine has only two kinds of rock-bin 
rock and dump rock." Allen took the words to heart. He 
ignored the dump rock of his life and polished the bin rock 
into the "concentrates" he presents in this autobiography. 

John Allen writes directly and honestly about what mat
ters to him-scouting, his family and friends, geology, what 
he saw, what he did, and what he thought about it all. An 
inveterate list maker, he lists such details as what he 
bought, what he ate, what he wrote, where he lived, and 
what he read. These are not just Allen's lists, however, they 
are lists that describe the time in which he lived. In the 
classic diarist's tradition, he has noted the details of his ex
periences and thereby recreated a world. 

A good geologist observes and records many details but 
keeps enough perspective to perceive the broad picture the 
details are presenting. And so it is with John Allen-he 
provides lots of details but also an understanding of what 
they are telling him about geology, his life, and the world 
around him. He describes the details of his geologic field 
adventures, the vehicles that took him out into the field 
and got him home again, the instruments and other 
equipment, including maps he used, the routes he took, the 
characters he met, and the people who accompanied him 
along the way. 

He loves to find universal truths in his experiences. Take 
for example, some of his laws of field geology: 

• "The more you know, the more you see. 
• "You see only what you are looking for. 
• "You can't see something you are not looking for. 
• "When investigating the unknown, you do not know 

what you will find. 
• "The geology of any area is more complex than you 

think it is going to be. The key outcrops and fossil 
localities are usually found at dusk in the most inac
cessible part of the area, on the last day of the field 
season. 

• "The weight of a hand specimen is directly propor
tional to the square of the distance from the car." 

He writes like a master musician delighted with the ca
pability of his instrument. No matter what aspect of his life 
he approaches, he has much to say about it-with flour
ishes. When he writes about the academic world, he takes 
time to describe the hierarchy and language of academe. 
When he describes his first car, a Model T, he lists the 10 
steps to follow to get it started. In talking about professional 
ethics for geologists, he lists the five attributes he believes 
all professions have in common (a systematic body of 
knowledge that is consistent, professional authority recog
nized by clients and based on education and competence, 
community sanction granted by an authority beyond the 
client or employer, a professional culture that has common 
standards, and an ethical code). 

The dominant theme presented in his autobiography is 
optimism and general belief in the essential goodness of 
humanity. As he says, "My lifelong policy of accepting ev
eryone as honest and reliable until they prove themselves 
othenvise has been especially valuable. This way you don't 
spend your time and energy doubting and worrying about 
people." Instead, John took off, studied geology, explored 
the remote corners of the West, traveled the world, estab
lished a family that he loved as dearly as life, made numer
ous valued friends, started the Portland State University 
Department of Geology, kept records of everything, and 
wrote and published books and articles almost until the mo
ment of his death. Although geology was his profession and 
passion, he had many other interests as well, many of which 
he discusses in this autobiography. 

Sunny and outgoing by nature, Allen was also well disci
plined. Until shortly before his death, he went each day to 
his office at Portland State University to write something on 
his beloved computer. Unlike so many geologists who love 
to go out and collect data and resent taking time to write up 
their conclusions, Allen knew that the only way to share 
what he had learned and keep it alive long after he had died 
was to "write it up." When his health was failing, he could 
no longer go out and observe the external world as a geolo
gist. So he turned his geologist's observational skills in
ward and observed what was happening to himself. He ob
served the process, took good notes, described it in clinical 

(Continued on page 45, Book review) 
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Regional Geologist looks at Newport 

The letter below was written in answer to the informa
tion request of a student. The writer, George Priest, is the 
Regional Geologist in the Portland ojjice of the Oregon 
Department of Geology and Mineral Industries. We believe 
it deserves sharing with our readers. 

Dear Mark: 
You asked for information on the geology of the Newport 

area for your eighth-grade paper. A short summary follows: 
The rocks of the area are composed mainly of the Nye 

Mudstone and overlying sandstones and siltstones of the 
Astoria Formation. In local areas these 20- to 16-million
year-old sedimentary rocks are overlain by the 16- to 15-
million-year-old lava flows of the Columbia River Basalt 
Group. The hard lavas resist erosion, thus forming most of 
the headlands (for example, Yaquina Head) and offshore 
sea stacks (rocks that form little islands like Otter Rock). 
The lavas were erupted from big fissures near the Idaho 
border and were of such great volume that they formed vast 
sheets of lava covering the plateaus of eastern Washington 
and northern Oregon and even traveled all the way to the 
ocean. The entire sequence of rocks is tilted westward, 
which causes some west-facing slopes underlain by weak 
rocks like mudstones to slide. Big landslides like the 
Jumpoff Joe landslide at the end of 11th Street in Newport 
have carried away whole neighborhoods that were built 
close to the edge of the west-facing cliffs. 

During the Pleistocene Ice Age (1.6 million years ago to 
10,000 years ago), the sea retreated and advanced as conti
nental glaciers grew or melted during the glacial and inter
glacial times (we are currently in an interglacial time). In
terglacial high sea stands at about 120,000 and 83,000 
years ago have left prominent wave-cut platforms that 
are covered with partially consolidated beach and dune 
sands called Pleistocene marine terrace deposits. These 
"almost rocks" crop out at the top of most of the sea cliffs 
and underlie the flat topography in the main City of New
port. The porous and permeable sand deposits store ground 
water for water wells in the area. The deposits also erode 
easily, especially if not vegetated, so one should be careful 
not to climb on them or carve into them when visiting the 
beach. Homeowners with houses next to these sea cliffs will 
not appreciate it! 

During the last 16,000 years, the continental ice sheets 
up in Canada and in the Arctic and Antarctic have been 
melting off as the climate warmed. Sea level has risen over 
400 feet during that time! Just imagine the shoreline being 
many miles west of where it is today. Yaquina Bay was a 
river valley with its bottom probably 200 feet below where 
it is today. By about 10,000 years ago, much of the conti
nental ice sheets had melted, and sea water had returned to 
the bottom of the old river valley at Newport. Over the last 
10,000 years, the river has brought in sediment as sea level 
continued to rise, filling in the old valley and forming 

Yaquina Bay. Yaquina Bay is therefore an example of 
drowned river Valley. 

The Cascadia subduction zone, a big active fault at the 
base of the continental slope offshore from British Colum
bia, Washington, Oregon, and northern California, causes 
earthquakes of magnitude 8-9 every 200-600 years. These 
earthquakes deform the sea bottom, causing the sea itself to 
be deformed so that great tsunamis (tidal waves) roll into 
the bay 15-20 minutes after these earthquakes. The 
tsunamis have left behind sandy layers in the marsh de
posits around the edges of the Bay. These tsunami sands 
generally lie on buried black soils called "peat layers," 
which are the remains of marsh grasses that were killed 
when the whole area subsided a few feet during the great 
earthquakes. Buried peats and overlying tsunami sands are 
some of the main pieces of evidence that make scientists 
believe that the Oregon coast has experienced these very 
large earthquakes. The last great earthquake sent a tsu
nami all the way to Japan, where harbor masters recorded 
a 6- to lO-ft wave on January 27, A.D. 1700. Scientists 
hypothesize that the Cascadia subduction zone had a great 
earthquake at 9 p.m., January 26, A.D. 1700, that probably 
affected the whole Northwest coast with an earthquake 
approaching magnitude 9! Indian legends tell of great 
destruction and loss of life from the tsunami that struck 
the coast. 

The Oregon Department of Geology and Mineral Indus
tries warns people to head to high ground or inland if they 
feel an earthquake on the coast. The earthquake could mean 
that a big tsunami will hit within 20-30 minutes on the 
north coast, 15-20 minutes on the central coast, and 5-10 
minutes on the south coast. Waves will continue to strike 
for several hours after the first one hits; sometimes these 
waves are nearly as big as the first one, so don't go back to 
the beach until an official gives you the "all clear." 

Best regards, 
Dr. George R. Priest 
Regional Geologist 

Nevada offers symposium in 2000 
A symposium entitled "Geology and Ore Deposits 

2000-The Great Basin and Beyond" will be held at John 
Ascuaga's Nugget in Reno/Sparks, Nevada, May 15-18, 
2000. It is sponsored by the Geological Society of Nevada, 
the Nevada Bureau of Mines and Geology, and the U.S. Ge
ological Survey. 

The symposium will feature oral and poster presenta
tions, field trips, workshops and short courses, trade ex
hibits, and social events. The metallogeny and ore deposits 
of the Great Basin will be the focus of this symposium with 
contributions from other areas of the American Cordillera. 

More information is available from the Geological Soci
ety of Nevada at P.O. Box 12021, Reno, NY, 89510-2021, 
phone (702) 323-3500, FAX (702) 323-3599. 

-Geological Society of Nevada news release 

OREGON GEOLOGY, VOLUME 59, NUMBER 2, MARCH/APRIL 1997 43 



DOGAMllibrary now holds over 100 
seismic site hazard reports 

On May 1, 1994, an amendment took effect that changed 
the Oregon Structural Specialty Code, a part of the Oregon 
Administrative Rules, by ordering that a copy of each 
legally required "seismic site hazard report" should be 
"submitted by the applicant to the Department of Geology 
and Mineral Industries." The Department is thus building 
a collection of site-specific seismic hazard reports that are 
on file and accessible to the public for inspection. 

This collection has now accumulated over 100 reports. 
The following abbreviated list is derived from the records 
in the library's bibliographic database and includes the au
thors of the reports, the sites investigated, and the 7lh
minute quadrangle (Q.) in which the site is located: 
AGI Technologies: Grande Ronde Hospital, La Grande. La Grande Q. 
-Proposed Sumitomo Sitix site, Newberg. Newberg Q. 
-Proposed new fire station, 6600 SE Lake Road, Milwaukie. Gladstone Q. 
AGRA Earth & Environmental: Liberty Northwest Insurance Building, Port

land. Portland Q. 
-Metropolitan Exposition Center expansion, Portland Portland Q. 
-Proposed Siltec silicon facility, Fairview Industrial Park, Salem. Salem 

WestQ. 
Bechtel Power Corporation: Hermiston Generating project. Hermiston Q. 
-Revised SHAKE analysis report, Umatilla Generating project, Hermiston. 

Hermiston Q. 
Braun Intertec Corporation: Proposed Jesuit High School addition, SW 

Beaverton-Hillsdale Hwy. and SW Apple Way, Portland. Beaverton Q. 
-Proposed new fire station, Tomahawk Island Drive, Hayden Island, Port

land. Portland Q. 
Carlson Testing: Butte Creek Scout Ranch, 13462 South Butte Creek Road, 

Clackamas County. Wilhoit Q. 
-Crater Schools site, Yamhill County. Newberg Q. 
-Far South Middle School site, Liberty and Davis Roads, Marion County. 

Salem West Q. 
-Tigard United Methodist Church, 9845 SW Walnut Place, Tigard. Beaver-

tonQ. 
CH2M Hill: Hewlett-Packard Building 9, Corvallis. Riverside Q. 
Dames & Moore: Bank parking structure, Eugene. Eugene East Q. 
-Central utilities plant expansion, Portland International Airport. Mount Ta-

borQ. 
-City Garage parking structure, Eugene. Eugene East Q. 
-Groundwater pump station/interstate facility, Portland. Camas/Portland Qs. 
-Hospital addition, Providence Milwaukie Hospital. Lake Oswego Q. 
-New police and fire station, Cornelius. Forest Grove Q. 
-Pine Grove fire station addition, Hood River. White Salmon Q. 
-Planned centers for the humanities and visual arts, Lewis and Clark Col-

lege, Portland. Lake Oswego Q. 
-Proposed Firwood Road fire station, Sandy. Sandy Q. 
-Proposed parking structure and helipad, Providence Portland Medical Cen-

ter. Mount Tabor Q. 
Dames & Moore; Fujitani Hilts & Associates: New fueling facilities, Portland 

International Airport. Mount Tabor Q. 
David 1. Newton Associates: Impact site for proposed new elementary school, 

N.E.C. of Monroe and Spruce Street, Cannon Beach. Tillamook Head Q. 
-New elementary school, SE 129th Avenue and Masa Lane, Clackamas 

County. Gladstone Q. 
-New Taft High School, High School Drive at SE Spyglass Ridge Drive, 

Lincoln City. Lincoln City Q. 
-Oregon City United Methodist Church, 18955 South End Road, Oregon 

City. Oregon City Q. 
-Proposed Emmanuel Temple Church, North Missouri Avenue at North 

Sumner Street, Portland. Portland Q. 
-Proposed expansion, Terpenning Recreation Center, NW 158th Ave. and 

SW Walker Road, Beaverton. Linnton Q. 
-Proposed Hillsboro Union High School, SW Johnson Street and SW 234th 

Avenue, Hillsboro. Hillsboro Q. 
-Proposed new Newport Middle School. Newport North Q. 
-Proposed recreation/aquatic center, Southwest 125th Avenue at Southwest 

Conestoga Road, Beaverton. Beaverton Q. 
-Proposed Waldport Elementary School, Crestline Drive. Waldport Q. 
-RV site for proposed new elementary school, 345 Elk Creek Road, Cannon 

Beach. Tillamook Head Q. 
-Silverton Main Fire Station, 819 Railway Drive, Silverton. Silverton Q. 
-Springfield High School additions, 7th Street at "Goo Street, Springfield. 

Eugene East Q. 
-Springfield Middle School, South 32d Street and Jasper Road, Springfield. 

Springfield Q. 
-Student services building, Portland Community College, Cascade Campus. 

Portland Q. 
-Thurston High School additions, 58th Street at "A" Street, Springfield. 

Springfield Q. 
-Toledo High School additions, 1800 NE Sturdevant Road, Toledo. Toledo 

NorthQ. 
-Waldport High School Gymnasium, Waldport Q. 
Ebasco: Seismic hazards evaluation, Coyote Springs power generation pro

ject, Boardman. Boardman Q. 
-Site densification report, Coyote Springs cogeneration facility, Boardman. 

BoardmanQ. 
Foundation Engineering: Dallas ambulance facility. Dallas Q. 
Fujitani Hilts and Associates, Inc.: Ambulance Service Building, NW 6th and 

Coast Streets, Newport. Newport North Q. 
-New East Precinct, Portland. Mount Tabor Q. 
-Proposed Inverness Jail expansion, Portland. Mount Tabor Q. 
GeoEngineers: Geotechnical and seismic services, Proposed Asahi [Glass] 

and Tokai [Carbon] developments, Hillsboro. Hillsboro Q. 
-Milwaukie, Oregon, Stake Center, Cason Road, Gladstone, Oregon. Glad

stone Q. 
-Proposed John's Landing office building, Portland. Lake Oswego Q. 
-Seismic hazard report, Asahi [Glass] and Tokai [Carbon] sites, Hillsboro. 

Hillsboro Q. 
Geotechnical Resources, Inc.: Act III theaters, Division Street Cinema, Port-

land. Camas Q. 
-Fujitsu facility additions, Gresham. Camas Q. 
-Horton Reservoir No.2, S Day Road, West Linn. Canby Q. 
-IDT facility, Hillsboro. Hillsboro Q. 
-Intel DlB-Site X, Hillsboro. Hillsboro Q. 
-Proposed BOC industrial gas facility, Hillsboro. Hillsboro Q. 
-Proposed Dawson Creek Development electronics manufacturing facility, 

Hillsboro. Hillsboro Q. 
-Proposed DYNIC USA Corp. facility, Hillsboro. Hillsboro Q. 
-Reed College Auditorium, Portland. Lake Oswego Q. 
-Revised report, Broadway and Washington parking structure and hotel, 

Portland. Portland Q. 
Golder Associates, Inc.: Klamath Cogeneration Project, Klamath Falls. Kla

math Falls Q. 
HongWest & Associates: Molalla United Methodist Church. Molalla Q. 
Kleinfelder, Inc.: Phase I geotechnical study, Oregon Department of Correc-

tions, BLM site, Mitchell. Mitchell Q. 
-Boeing site, Boardman. Crow Butte Q. 
-Bootsma site, Baker City. Baker City Q. 
-Collins site, Lakeview. Lakeview NW Q. 
-Danunasch site #CK-WS-l, Wilsonville. Sherwood Q. 
-Danunasch site #CK-WS-2, Wilsonville. Sherwood Q. 
-Dover Lane site, Madras. Culver Q. 
-Hay Field site, Salem. Salem East Q. 
-Klamath Hills site, Klamath Falls. Lost River Q. 
-Martin Dairy site, Cave Junction. Cave Junction Q. 
-Meadow View site, Eugene. Junction City Q. 
-Orchard site, Medford. Gold Hill Q. 
-Pasture (Kunze Road) site, Boardman. Boardman Q. 
-Port of Tillamook site. Tillamook Q. 
-Port of Umatilla site. Umatilla Q. 
-Rigdon site, Oakridge. Oakridge Q. 
-Roseburg Resources site, Medford. Sarns Valley Q. 
-Steel Bridge site, Willamina. Grand Ronde Q. 
-Wilsonville Tract, Wilsonville. Sherwood Q. 
-Zemke site, Madras. Buck Butte Q. 
Mark V. Herbert and Associates, Inc.: Deschutes County Public Safety Center, 

N. Hwy 97 adjacent to existing Criminal Justice Center, Bend. Bend Q. 
-New Gymnasium, Dufur School, Wasco County. Dufur East Q. 
Marquess and Associates, Inc.: Additions to Hedrick and McLoughlin Middle 

Schools, Medford 549C School District. Medford East/Medford West Qs. 

(Continued on page 45, Library) 
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Books featured at the Nature of the North· 
west Information Center 
by Center Manager Don Haines 

Introduction to Earthquake Retrofitting-Tools and 
Techniques, by Building Education Center, 77 pages, 
$9.95. Many wood frame houses may not be strong enough 
to withstand a major earthquake. This step-by-step manual 
illustrates tools and techniques needed to do strengthening 
projects. The manual is designed for the beginners and do
it-your-selfers. Each step is illustrated with photographs. 

Bin Rock and Dump Rock-Recollections of a Geologist, 
by John Eliot Allen, 282 pages, $12.95, Hells Canyon Pub
lishing (reviewed in this issue). Founder of Portland State 
University's Geology Department and former geologist for 
DOGAMl, Allen offers a view of a geologist's life and mind. 
The book contains poetry and anecdotes, along with some 
excerpts from his "Time Travel" series in The Oregonian. 

Northwest Exposures-A Geologic Story of the North
west, by David Alt and Donald W. Hyndman, 443 pages, 
$24, Mountain Press. This new book by the authors of 
Roadside Geology of Oregon is not written as a road log the 
way many of their previous publications were but presents a 
nontechnical overview of Pacific Northwest geology. 

Gold Mining in Oregon, by Bert Weber, 332 pages, $29.95, 
Webb Research Group. This book reprints most of the text 
from DOGAMI's Gold and Silver in Oregon (Bulletin 61), 
which is now out of print. The separate maps from Bulletin 
61 are not included. Gold Mining in Oregon describes the 
mining activity and many of the historic mines in Oregon. 

Hiking Oregon's Geology, By Ellen Morris Bishop and 
John Eliot Allen, 221 pages, $16.95, The Mountaineers. A 
new hiking guide that contains 51 hikes to some of the most 
scenic and geologically interesting places in Oregon. 

All publications are available from the Center. VISA 
and Mastercard orders are accepted. For shipping, include 
$3.00 per destination. 0 

AEG calls for technical papers 
The Oregon Section of the Association of Engineering 

Geologists (AEG) will host the national 40th Annual Meet
ing ofthe organization September 30 to October 4, 1997, at 
the Portland Hilton Hotel. For this meeting, which has been 
titled "Converging at Cascadia," AEGinvites submittals for 
paper and poster presentations. 

The list of suggested topics includes seismic hazards, 
landslides and slope stability, coastal engineering, environ
mental investigations, field and laboratory testing, ground
water investigations/modeling, water-supply studies, land
fill technology, stream restoration, fluvial geomorphology, 
transportation geology, and general engineering geology 
topics. Topics other than those suggested will be consid
ered, and presentations based on case histories are encour
aged. Presentations will be limited to 20 minutes each. 

Abstracts should be no longer than 250 words and must 
be submitted by May 15, 1997. Submittals via e-mail are 
preferred and should be addressed to aegjuliek@aol.com; 
mailed abstracts are to be sent to AEG'97 c/o Julie Keaton, 
130 Yucca Drive, Sedona, AZ 86336-3222, whose phone 
number is (520) 204-1553, FAX (520) 204-5597. 

For further information, contact 
• Gary Peterson, Chairman, Annual Meeting, inquiries 

and general information, phone (503) 635-4419, e
mail: garyp@squier.com; 

• Ed Steams, Chairman, Technical Sessions, (503) 
661-0462, e-mail: 73564.325l@compuserve.com; 

• Dave Michael, Chairman, Exhibitors and Sponsors, 
(503) 359-7448, e-mail: dave.l.michael@state.or.us. 

DOGAMI geotechnical engineer Yumei Wang will chair 
the theme symposium on October 2 and focus on Pacific 
Northwest earthquake issues, including earthquake risk, 
seismicity, earthquake sources, current research on hazards, 
and an overview of attenuation relationships. Speakers will 
include Bruce Bolt (University of California at Berkeley), 
Ivan Wong (Woodward-Clyde Federal Services), and Dave 
Keefer, Steve Obermeier, Silvio Pezzopane, Kaye Shedlock, 
and Ray Wells of the U.S. Geological Survey. 0 

(Book review-continuedfrom page 42) 
detail, including the frustration and methods he used to fight to 
keep himself functioning. He was not one to give up easily. 

To John Allen, life was to be experienced fully. He did 
his best to do that, and he kept good records along the way, 
many of which became part of this book. It may be pur
chased from the Nature of the Northwest Information Cen
ter and most other local booksellers. 0 

(Library-continued from page 44) 
-Ashland Conununity Hospital additions. Ashland Q. 
PacRim Geotechnical, Inc.: Proposed Ronler Acres fire station, 229th Street 

and Evergreen Road, Hillsboro. Hillsboro Q. 
Patrick B. Kelly: Proposed new fire station, NE corner of Sunset and Spruce 

Streets, Cannon Beach. Tillamook Head Q. 
Redmond & Associates: Proposed North Harbor site, NE Marine Drive, Port

land. Portland Q. 
-Proposed Opengate Church of the Nazarene, Keizer (Marion County). Mis

sion Bottom Q. 
Schlicker & Associates: Proposed theater site, West 7th and Snipes, The 

Dalles. The Dalles South Q. 
Siemens & Associates: La Pine Fire Station, La Pine. La Pine Q. 
-Spray water tanks, Spray (Wheeler County). Spray Q. 
Squier Associates: Airport Embassy Suites Hotel, Portland. Mount Tabor Q. 
-Exhibit G in Hermiston power project, application for site certificate. Her-

miston Q. 
West Coast Geotech: New Parkrose conununity centerlhigh school, Portland. 

Mount Tabor Q. 
WrightJDeacon & Associates: The Blazers Boys and Girls Club, NE MLK 

Blvd. and Roselawn St., Portland. Portland Q. 

The library also contains some site-specific seismic re
ports dated before the 1994 rule change and other site
specific reports related to landslides and mined land recla
mation projects. Part of the library's mission is an increased 
attention to reports usually referred to as "gray litera
ture" -collecting them and making them accessible to a 
wider audience. 0 
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DOGAMI PUBLICATIONS AND RELEASES 

Released January 22,1997 

Description of economic models that forecast the demand 
for construction aggregates in Oregon, by Robert M. Whe
lan. Open-File Report 0-96-03, 1 CD-ROM disk, $30. 

Former DOGAMl Mineral Economist Whelan, now 
with ECONorthwest in Portland, has developed an aggre
gate demand model for each of Oregon's counties with a 
forecast that extends through the year 2050. 

The aggregate model includes forecasts of population, 
income, and construction of roads, housing, and 23 other 
categories such as schools, bridges, and airports. Included 
on the CD-ROM are a text describing use of the model and 
forecasts of aggregate consumption for 45 end uses such as 
maintenance of asphalt roads, building of low-rise office 
buildings, and maintenance of railways. Population data 
that extend from 1960 to 2050 include population projec
tions broken into age categories and number of households 
in each county and are based on census data from the U.S. 
Bureau of the Census, the Portland State University Center 
for Population Research and Census, and forecasts by the 
author. Construction statistics came from F. W. Dodge. 

Oregon is the first state to use econometric analysis and 
sophisticated modeling techniques to project aggregate de
mand. The report is the only source in Oregon of population 
and construction forecast to 2050 that is available at the 
county level. It will be useful for planners who need to 
know future demand for aggregate, for mining companies 
seeking long-term projections of sales, and for people who 
need information on outlook for construction in counties. 
This model can also be used as a template to build a model 
for aggregate demand in other parts of the United States 
and other countries. 

The model now released as Open-File Report 0-96-03 
was used earlier by Whelan to prepare DOGAMI Special 
Paper 27, An Economic Analysis of Construction Aggregate 
Markets and the Results of a Long-Term Forecasting Model 
for Oregon. 

Released March 7, 1997 

Mist Gas Field Map, 1997 edition. Open-File Report 
0-97-01, 1 map sheet, 40 p. text, $8. 

The map of the Mist Gas Field in Columbia and Clatsop 
Counties that has been published since 1981 has been up
dated over its 1996 edition. The release includes the map 
and a production summary for 1993 through 1996. 

The map shows the field divided into quarter sections. It 
displays location, status, and depth of all existing wells and 
serves as a basis for locating any new ones. It also shows the 
areas and wells that are used for storage of natural gas. The 
production summary includes well names, revenue gener
ated, pressures, production, and other data. The map and 
accompanying data are useful tools for administrators and 
planners, as well as explorers and producers of natural gas. 

The Mist Gas Field Map is also available, on request, in 
digital form (price $25). It is offered in three different CAD 
formats (.DGN, .DWG, and .DXF), all on one 3~-inch 
high-density diskette formatted for DOS, for use by differ
ent software systems. 

A cumulative report of past production at the Mist Gas 
Field between 1979 and 1992 is available in a separate re
lease under the title Mist Gas Field Production Figures as 
DOGAMI Open-File Report 0-94-6 (price $5). 

The follOWing releases are available for inspection in 
the library of the DOGAMI Portland office. They are not 
published in multiple copies and are notfor sale but limited 
to library access only. Photocopies may be obtained at cost: 

Released January 27,1997 

Tsunami Hazard Map of the Siletz Bay Area, Lincoln 
County, by George R. Priest. Open-File Report 0-95-06, 
scale 1:4,800. 

The tsunami hazard map for the Siletz Bay area consists 
of three map sheets covering the coastal area from DRiver 
in the north to Gleneden Beach in the south. On an or
thophoto map base, different lines mark four levels of inun
dation hazard, from negligible/low to low/moderate, to 
moderate/high to high/extreme. 

The hazard map was prepared in a cooperative effort by 
scientists from DOGAMl, the Oregon Graduate Institute of 
Science and Technology, and Portland State University. It 
represents a pilot study of detailed tsunami inundation haz
ard and aided the work that produced the tsunami hazard 
zone maps DOGAMl Open-File Reports 0-95-09 through 
0-95-67 for the implementation of Senate Bill 379 of the 
1995 Oregon Legislative Session. 

Released January 31,1997 

Geologic Map of the Malheur Butte Quadrangle, Mal
heur County, Oregon, by Ian P. Madin and Mark L. Ferns 
in cooperation with the Oregon Department of Corrections. 
Open-File Report 0-97-02, scale 1:24,000, 13 p. text. 

The new map includes the geologic map and two geo
logic cross sections as well as a separate, 13-page text. The 
Malheur Butte quadrangle covers an area near the Idaho 
border just west of the City of Ontario and includes a por
tion of the Malheur River at its southern end and Jacobsen 
Gulch at its northern end The text contains explanations of 
the rock units presented on the map, the geologic history of 
the area, geologic structure and seismic hazards, and geo
logic resources. Sand and gravel, used for aggregate in the 
local construction industry, are the main mineral resources 
mined in the quadrangle. Potential energy resources include 
natural gas and geothermal energy. 

The map was prepared specifically to evaluate possible 
earthquake hazards in the quadrangle. The Malheur fault 
zone, the major complex of faults in the quadrangle, has 
probably not been active since the middle Pleistocene and 
is not currently active. 0 
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AVAILABLE PUBLICATIONS 
OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

GEOLOGICAL MAP SERIES Price 0" 
GMS-5 Powers 15' quadrangle, Coos and Cuny Counties. 1971 4.00 __ 
GMS-6 Part of Snake River canyon. 1974 8.0o __ 
GMS-8 Complete Bouguer gravity anomaly map, central Cascades 1978 ___ 4.0o __ 
GMS-9 Total-field aeromagnetic anomaly map, central Cascades. 1978 ____ 4.0o __ 
GMS-I0 Low- to intermediate-temperature thermal springs and wells. 1978 __ 4.0o __ 
GMS-12 Oregon part, Mineral 15' quadrangle, Baker County. 1978 4.0o __ 
GMS-13 Huntington/Olds Ferry 15' quads., BakerlMalheur Counties. 1979 __ 4.0o __ 
GMS-14 Index to published geologic mapping in Oregon, 1898-1979. 1981 8.0o __ 
GMS-15 Gravity anomaly maps, north Cascades. 1981 4.0o __ 
GMS-16 Gravity anomaly maps, south Cascades. 1981 4.0o __ 
GMS-17 Total-field aeromagnetic anomaly map, south Cascades. 1981 ____ 4.0o __ 

GMS-18 Rickreall, Salem West, Monmouth, and Sidney 7'h' quadrangles, Marion 
and Polk Counties. 1981 6.0o __ 

GMS-19 Bourne 7'h' quadrangle, Baker County. 1982 _________ 6.00 __ 
GMS-20 Sy, Burns 15' quadrangle, Hamey County. 1982 6.0o __ 
GMS-21 Vale East 7'1,.' quadrangle, Malheur County. 1982 6.0o __ 
GMS-22 Mount Ireland 7'h' quadrangle, Baker/Grant Counties. 1982 6.00 
GMS-23 Sheridan 7'1,.' quadrangle, Polk and Yamhill Counties. 1982 6.0o __ 
GMS-24 Grand Ronde 7'1,.' quadrangle, Polk/Yamhill Counties. 1982 6.00 __ 
GMS-25 Granite 7'h' quadrangle, Grant County. 1982 6.0o __ 
GMS-26 Residual gravity, north/central/south Cascades. 1982 6.0o __ 
GMS-27 Geologic and neotectonic evaluation of north-central Oregon 

The Dalles 1° x 2° quadrangle. 1982 ___________ 7.0o __ 
GMS-28 Greenhorn 7'1,.' quadrangle, Baker/Grant Counties. 1983 6.0o __ 
GMS-29 NEV. Bates 15' quadrangle, Baker/Grant Counties. 1983 6.0o __ 
GMS-30 SE'I. Pearsoll Peak 15' quad., Cuny/Josephine Counties. 1984 ___ 7.0o __ 
GMS-31 NWV. Bates 15' quadrangle, Grant County. 1984 6.0o __ 
GMS-32 Wilhoit 7'1,.' quadrangle, ClackamaslMarion Counties. 1984 5.0o __ 
GMS-33 Scotts Mills 7'1,.' quad., ClackamaslMarion Counties. 1984 5.0o __ 
GMS-34 Stayton NE 7'h' quadrangle, Marion County. 1984 5.0o __ 
GMS-35 SW'I. Bates 15' quadrangle, Grant County. 1984 6.0o __ 
GMS-36 Mineral resources of Oregon. 1984 9.0o __ 
GMS-37 Mineral resources, offshore Oregon. 1985 7.00 __ 
GMS-38 NW'I. Cave Junction 15' quadrangle, Josephine County. 1986 ____ 7.0o __ 
GMS-39 Bibliography and index: ocean floor, continental margin. 1986 ____ 6.0o __ 
GMS-40 Total-field aeromagnetic anomaly maps, northern Cascades. 1985 ___ 5.0o __ 
GMS-41 Elkhorn Peak 7'h' quadrangle, Baker County. 1987 7.00 __ 
GMS-42 Ocean floor off Oregon and adjacent continental margin. 1986 ____ 9.0o __ 
GMS-43 Eagle Butte & Gateway 7'h' quads., JeffersonlWasco C. 1987 ____ 5.00 __ 

as set with GMS-44 and GMS-45 11.00 __ 
GMS-44 Seekseequa Junct.lMetolius B. 7'1,.' quads., Jefferson C 1987 ____ 5.0o __ 

as set with GMS-43 and GMS-45 11.00 __ 
GMS-45 Madras WestlEast 7'h' quads., Jefferson County. 1987 ______ 5.0o __ 

as set with GMS-43 and GMS-44 11.00 __ 
GMS-46 Breitenbush River area, Linn and Marion Counties. 1987 7.0o __ 
GMS-47 Crescent Mountain area, Linn County. 1987 7.0o __ 
GMS-48 McKenzie Bridge 15' quadrangle, Lane County. 1988 9.0o __ 
GMS-49 Map of Oregon seismicity, 1841-1986. 1987 4.0o __ 
GMS-50 Drake Crossing 7'1,.' quadrangle, Marion County. 1986 5.0o __ 
GMS-51 Elk Prairie 7'h' quadrangle, Marion and Clackamas Counties. 1986 __ 5.0o __ 
GMS-52 Shady Cove 7'1,.' quadrangle, Jackson County. 1992 6.0o __ 
GMS-53 Owyhee Ridge 7'1,.' quadrangle, Malheur County. 1988 5.0o __ 
GMS-54 Graveyard Point 7'h' quad., Malheur/Owyhee Counties 1988 ____ 5.0o __ 
GMS-55 Owyhee Dam 7'h' quadrangle, Malheur County. 1989 5.0o __ 
GMS-56 Adrian 7'h' quadrangle, Malheur County. 1989 5.0o __ 
GMS-57 Grassy Mountain 7'1,.' quadrangle, Malheur County. 1989 5.0o __ 
GMS-58 Double Mountain 7'h' quadrangle, Malheur County. 1989 5.0o __ 
GMS-59 Lake Oswego 7'1,.' quad., Clackam., Multn., Wash. Counties 1989 __ 7.00 __ 
GMS-60· Damascus 7'h' quad., Clackam., Multn. Counties. 1994 8.0o __ 
GMS-61 Mitchell Butte 7'1,.' quadrangle, Malheur County. 1990 5.0o __ 
GMS-62" The Elbow 7'1,.' quadrangle, Malheur County. 1993 8.0o __ 
GMS-63 Vines Hill 7'h' quadrangle, Malheur County. 1991 5.0o __ 
GMS-64 Sheaville 7'1,.' quadrangle, Malheur County. 1990 5.0o __ 
GMS-65 Mahogany Gap 7'h' quadrangle, Malheur County. 1990 5.0o __ 
GMS-66 Jonesboro 7'h' quadrangle, Malheur County. 1992 6.0o __ 
GMS-67 South Mountain 7'h' quadrangle, Malheur County. 1990 6.0o __ 
GMS-68 Reston 7'h' quadrangle, Douglas County. 1990 6.0o __ 
GMS-69 Harper 7'1,.' quadrangle, Malheur County. 1992 5.0o __ 
GMS-70 Boswell Mountain 7'h' quadrangle, Jackson County. 1992 7.00 __ 
GMS-71 Westfall7'h' quadrangle, Malheur County. 1992 5.0o __ 
GMS-72 Little Valley 7'h' quadrangle, Malheur County. 1992 5.0o __ 
GMS-73" Cleveland Ridge 7'h' quadrangle, Jackson County. 1993 5.0o __ 
GMS-74 Namorf7y,' quadrangle, Malheur County. 1992 5.0o __ 

Price0" 
GMS-75 Portland 7'h' quadrangle, Multn., Wash., Clark Counties. 1991 ___ 700 __ 
GMS-76 Camas Valley 7'1,.' quadrangle, Douglas and Coos Counties. 1993 ___ 6.00 __ 
GMS-77 Vale 30x60 minute quadrangle, Malheur County. 1993 10.0o __ 
GMS-78 Mahogany Mountain 30x60 minute quadrangle, Malheur C. 1993 __ 100o __ 
GMS-79" Earthquake hazards, Portland 7'h' quad., Multnomah C 1993 20.00 __ 
GMS-80" McLeod 7V,' quadrangle, Jackson County. 1993 5.0o __ 
GMS-81" Turnalo Dam 7'1,.' quadrangle, Deschutes County. 1994 6.0o __ 
GMS-82" Limber Jim Creek 7'h' quadrangle, Union County. 1994 5.0o __ 
GMS-83" Kenyon Mountain 7'1,.' quadrangle, Douglas/Coos Counties. 1994 __ 6.00 __ 
GMS-84" Remote 7'1,.' quadrangle, Coos County. 1994 6.0o __ 
GMS-85" Mount Gurney 7'1,.' quadrangle, Douglas/Coos Counties. 1994 ___ 6.0o __ 
GMS-86" Tenmile 7'h' quadrangle, Douglas County. 1994 6.0o __ 
GMS-87" Three Creek Butte 7'h' quadrangle, Deschutes County. 1996 ____ 6.0o __ 
GMS-88" Lakecreek 7'1,.' quadrangle, Jackson County. 1995 8.0o __ 
GMS-89" Earthquake hazards, Mt. Tabor 7'1,.' quad., Multnomah C 1995 10.00 __ 
GMS-90" Earthquake hazards, Beaverton 7'1,.' quad., 1995 10.00 __ 
GMS-91" Earthquake hazards, Lake Oswego 7'h' quad., 1995 10.00 __ 
GMS-92" Earthquake hazards, Gladstone 7'h' quad., 1995 10.0o __ 
GMS-93" Earthquake hazards, Siletz Bay area, Lincoln County, 1995 ____ 20.0o __ 
GMS-94" Charleston 7'h' quadrangle, Coos County. 1995 8.0o __ 
GMS-97" Coos Bay 7'h' quadrangle, Coos County. 1995 6.0o __ 
GMS-98" Dora and Sitkum 7'h' quadrangles, Coos County. 1995 6.0o __ 
GMS-99" Tsunami hazard map, Siletz Bay area, Lincoln County. 1996 ____ 6.0o __ 
GMS-I00" Earthquake hazard maps for Oregon. 1996 8.0o __ 
GMS-I0l" Steelhead Falls 7'h' quad., Deschutes/Jefferson Co. 1996 7.0o __ 
GMS-I04" Earthquake hazards, Linnton 7'h' quad., Multn.lWash. Co. 1996 __ 10.00 __ 
GMS-I05" Earthquake hazards, Salem East/West 7'h' quads 1996 12.00 __ 

SPECIAL PAPERS 
2 Field geology, SW Broken Top quadrangle 1978 5.00 __ 
3 Rock material resources, Clackam., Columb., Multn., Wash. C. 1978 ____ 8.0o __ 
4 Heat flow of Oregon. 1978 4.0o __ 
5 Analysis and forecasts of demand for rock materials. 1979 _______ 4.0o __ 
6 Geology of the La Grande area. 1980 6.0o __ 
7 Pluvial Fort Rock Lake, Lake County. 1979 5.0o __ 
8 Geology and geochemistry of the Mount Hood volcano. 1980 4.0o __ 
9 Geology of the BreitenbushHot Springs quadrangle. 1980 5.0o __ 
10 Tectonic rotation of the Oregon Western Cascades. 1980 4.0o __ 
11 Bibliography and index of theses and dissertations, 1899-1982. 1982 ____ 700 
12 Geologic linears, northern part of Cascade Range, Oregon. 1980 4.0o __ 
13 Faults and lineaments of southern Cascades, Oregon. 1981 5.0o __ 
14 Geology and geothermal resources, Mount Hood area. 1982 8.0o __ 
15 Geology and geothermal resources, central Cascades. 1983 13.00 __ 
16 Index to Ore Bin (1939-78) and Oregon Geology (1979-82). 1983 5.0o __ 
17 Bibliography of Oregon paleontology, 1792-1983. 1984 70o __ 
18 Investigations of talc in Oregon. 1988 8.0o __ 
19 Limestone deposits in Oregon. 1989 9.0o __ 
20 Bentonite in Oregon. 1989 70o __ 
21 Field geology, NW'I. Broken Top 15' quadrangle, Deschutes C 1987 ___ 6.0o __ 
22 Silica in Oregon. 1990 8.0o __ 
23 Forum on Geology of Industrial Minerals, 25th, 1989, Proceedings. 199o __ 10.0o __ 
24 Index to Forums on the Geology of Industrial Minerals, 1965-1989. 199o __ 7.0o __ 
25 Pumice in Oregon. 1992 9.00 __ 
26 Onshore-offshore geol. cross section, N. Coast Range to cont. slope. 1992 __ 11.00 __ 
27 Economic analysis, construction aggregate markets and forecast. 1995 ___ 15.00 __ 

OIL AND GAS INVESTIGATIONS 
3 Foraminifera, General Petroleum Long Bell #1 well. 1973 _______ 4.00 __ 
4 Foraminifera, E.M. Warren Coos County 1-7 well. 1973 4.0o __ 
5 Prospects for natural gas, upper Nehalem River Basin. 1976 6.0o __ 
6 Prospects for oil and gas, Coos Basin. 1980 10.0o __ 
7 Correlation of Cenozoic stratigraphic units, W OregonlWashington. 1983 __ 9.00 __ 
8 Subsurface stratigraphy of the Ochoco Basin, Oregon. 1984 8.0o __ 
9 Subsurface biostratigraphy of the east Nehalem Basin. 1983 7.0o __ 
10 Mist Gas Field: Exploration/development, 1979-1984. 1985 5.0o __ 
11 Biostratigraphy of exploratory wells, W Coos, Douglas, Lane Co. 1984 ___ 700 __ 
12 Biostratigraphy, exploratory wells, N. Willamette Basin. 1984 7.0o __ 
13 Biostratigraphy, exploratory wells, S. Willamette Basin. 1985 7.00 __ 
14 Oil and gas investigation of the Astoria Basin. 1985 8.0o __ 
15 Hydrocarbon exploration and occurrences in Oregon. 1989 8.0o __ 
16 Available well records and samples, onshore/offshore. 1987 6.0o __ 
17 Onshore-offshore cross section, Mist Gas Field to cont. shel£'slope. 1990 __ 10.00 __ 
18 Schematic fence diagram, S. Tyee basin, Oregon Coast Range. 1993 ____ 9.00 __ 
19 Oil and gas potential of the S. Tyee Basin, S. Oregon Coast Range. 1996 __ 20.0o __ 
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paid at Portland, OR 

AVAILABLE DEPARTMENT PUBLICATIONS (continued) 

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 ---4.00--
44 Bibliography (2nd supplement, 1946-50). 1953 4.00--
46 Ferruginous bauxite, Salem Hills, Marion County. 1956 4.00= 
53 Bibliography (3rd supplement, 1951-55). 1962 4.00 __ 
65 Proceedings of the Andesite Conference. 1969 11.00 __ 
67 Bibliography (4th supplement, 1956-60). 1970 4.00 __ 
71 Geology oflava tubes, Bend area. Deschutes County. 1971 6.00 __ 
78 Bibliography (5th supplement, 1961-70). 1973 4.00 __ 
82 Geologic hazards of Bull Run Watershed, Muitn.lClackam. C. 1974 8.00 
87 Environmental geology, westem CoosIDouglas Counties. 1975 ----10.00 
88 Geology/min. res., upper Chetco R. drainage, Curry/Josephine C. 1975 5.00--
89 Geology and mineral resources of Deschutes County. 1976 ---8.00--
90 Land use geology of west em Curry County. 1976 10.00--
91 Geologic hazards, parts ofN. Hood River, Wasco, Sherman C. 1977 9.00--
92 Fossils in Oregon. Collection of reprints from the Ore Bin. 1977 ----5.00 __ 
93 Geology, mineral resources, and rock material, Curry County. 1977 8.00 __ 
94 Land use geology, central Jackson County. 1977 10.00 __ 
95 North American ophiolites (IGCpproject). 1977 8.00 __ 
96 Magma genesis. AGU Chapman Conf on Partial Melting. 1977 15.00 __ 
97 Bibliography (6th supplement, 1971-75). 1978 4.00 __ 
98 Geologic hazards, eastemBentonCounty. 1979 10.00 __ 
99 Geologic hazards of north we stem Clackamas County. 1979 11.00 __ 
101 Geologic field trips in W Oregon and SW Washington. 1980 10.00 __ 
102 Bibliography (7th supplement, 1976-79). 1981 5.00 __ 
103 Bibliography (8th supplement, 1980-84). 1987 8.00 __ 

MISCELLANEOUS PAPERS 
5 Oregon's gold placers. 1954, ________________ 2.00 __ 

11 Articles on meteorites (reprints from the Ore Bin). 1968 4.00 __ 
15 Quicksilver deposits in Oregon. 1971 4.00 __ 
19 Geothermal exploration studies in Oregon, 1976. 1977 4.00 __ 
20 Investigations of nickel in Oregon. 1978 6.00 __ 

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 
Hiking Oregon's geology, E.M. Bishop and J.E. Allen, 1996 16.95 
Assessing earthquake hazards in the Pac. NW (USGS Prof. Paper 1560) ___ 2500= 
Relative earthquake hazard map, Portland quadrangle (DOGAMIlMetro), 
1993, with scenario report (add $3.00 for mailing) 10.00 __ 
Geology of Oregon, 4th ed., E.L. and WN. Orr and E.M. Baldwin, 1991, 
published by KendalllHunt (add $3.00 for mailing) 29.95 __ 
Geologic map of Oregon, G.W Walker and N.S. MacLeod, 1991, 
published by USGS (add $3.00 for mailing) 11.50 __ 
Geological highway map, Pacific Northwest region, Oregon, Washington, and 
part ofIdaho (published by AAPG). 1973 8.00 __ 
Oregon Landsat mosaic map (published by ERSAL, OSU). 1983 11.00 
Mist Gas Field map, rev. 1996, with 1993-95 production figs. (OFR 0-96-1) __ 800= 
Digital form of map (CAD formats .DGN, .DWG, .DXF), 3Y.-in. diskette 25.00 
Mist Gas Field production figures 1979 through 1992 (OFR 0-94-6) -- 500= 
Northwest Oregon, Correlation 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 (5Y.-in., high-density, MS-DOS) 25.00 __ 
Directory of mineral producers, 1993 update, 56 p. (OFR 0-93-9) 8.00 __ 
Geothermal resources of Oregon (published by NOAA). 1982 4.00 __ 
Mining claims (State laws governing quartz and placer claims) Free __ _ 
Back issues of Oregon Geology 3.00 __ 

Separate price lists for open-file reports, tour guides, recreational gold mining 
information, and non-Departmental maps and reports will be mailed upon request. 

GMS maps marked with an asterisk (*) are available in digital form on diskette 
(geological information only), 

The Department also sells Oregon topographic maps published by the U.S, Geo
logical Survey, 

ORDER AND RENEWAL FORM 
Check desired publications in list above or indicate how many copies and enter total amount below. Send order to The Nature of the Northwest Infonna
tion Center, Suite 177, 800 NE Oregon Street, Portland, OR 97232-2162, or to FAX (503) 731-4066. Jfyou wish to order by phone, have your credit 
card ready and call (503) 872-2750. Payment must accompany orders ofless than $50. Payment in U.S. dollars only. Publications are sent postpaid. All sales 
are final. Subscription price for Oregon Geology: $10 for 1 year, $22 for 3 years. 

Renewal_ I new subscription_ to Oregon Geology: 1 year ($10) or 3 years ($22) $, _________ _ 
Total amount for publications marked above: $ 
Total payment enclosed or to be charged to credit card as indicated below: $'----------

Name Addre'-s-s----------------------------------

City/State/Zip _____________________________ _ 

Please charge to Visa_I Mastercard __ , account number: ----------------------
Expiration date: ____________________________________ _ 

Cardholder's signature. ________________________________ _ 
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