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Cover photo 
Digital elevation model (DEM) of the Pacific North­

west, showing areas and types of natural hazards related to 
the geology of the region. Field trip guide beginning on next 
page leads to points in Oregon and southwestern Washing­
ton where the effects of such hazards can be observed. 
Illustration courtesy of the U.S. Geological Survey. 

OIL AND GAS NEWS 
Drilling underway at Mist Gas Field 

During May, Nahama and Weagant Energy Company of Ba­
kersfield, California, began a multi-well drilling program at the 
Mist Gas Field, Columbia County, Oregon. The first well drilled, 
Columbia County 23-31-65, located in SWV4 sec. 31, T. 6 N., 
R. 5 w., reached a total depth of 2,272 ft and is currently suspended. 
Drilling operations have also been completed at the second well, 
Columbia County 43-33-75, located in SEV4 sec. 33, T. 7 N., R. 
5 w., and the well is also suspended. Taylor Drilling Company, 
Chehalis, Washington, is the drilling contractor. 

NWPA elects Board 

The Northwest Petroleum Association (NWPA) announced the 
results of the elections to the Board for 1992-1993. The officers 
now are Jack Meyer, President; Nancy Ketrenos, Vice President; 
Dick Bowen, Secretary; Todd Thomas, Treasurer; and Lanny Fisk, 
Past President. Directors are Peter Hales, Western Washington; 
Thomas Deacon, Land; Williams Holmes, Legal; and John New­
house and Dan Wermiel, At-large. 

The NWPA is an organization of persons interested iu oil, gas, 
and geothermal energy resources in the Pacific Northwest. Meetings 
with a speaker are held each month, and an annual field symposium 
is held each fall. This year, the field symposium is entitled "New 
Exploration Concepts and Opportunities for the Pacific Northwest." 
It will be held on October 11-13, 1992, in Lincoln City, Oregon. 
Contact the NWPA, P.O. Box 6679, Portland, Oregon 97228-6679, 
for further information. 

Oregon DOE revising rules 

The Energy Facilities Siting Council (EFSC) of the Oregon 
Department of Energy (ODOE) is revising its rules pertaining to 
the siting of energy facilities in Oregon. These rules affect a variety 
of energy facilities in Oregon, including underground natural-gas 
storage projects and pipelines. For more information on the proposed 
EFSC rules, contact David Stewart-Smith, ODOE, 625 Marion 
Street NE, Salem, OR 97310, phone (503) 378-4040. 

Recent permits 

Status, 
Permit Operator, well, proposed total 

no. API number Location depth (ft) 

469 Naharna and Weagant NEV4 sec. 15 Permit; 
CC 31-15-65 T. 6 N., R 5 W. 2,800. 
36-009-00294 Columbia County 

470 Naharna and Weagant SEV4 sec. 33 Permit; 
CC 43-33-75 T. 7 N., R 5 W. 2,550. 
36-009-00295 Columbia County 

471 Naharna and Weagant NWV4 sec. 5 Permit; 
Wilson 11 A-5-65 36- T. 6 N., R 5 W. 3,500. 
009-00296 Columbia County 

472 Naharna and Weagant NEV4 sec. 33 Application; 
CC 41-33-75 36-009- T. 7 N., R 5 W. 2,850. 
00297 Columbia County 0 

Correction 
In the last (May) issue, on page 68 of the summary of activities 

of the Oregon Department of Geology and Mineral Industries, 
geologic mapping for southeastern Oregon should, of course, have 
referred to the mapping of the west half of the Boise 1 ° by 2° 
sheet. Thanks to Allen Agnew for catching the error! 
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Natural hazards of the Pacific Northwest, past, present, and 
future-a field trip guide for 
western Oregon and Mount St. Helens 
by Charles L Rosenfeld. Associate Professor, Department oj Geoscienas, Oregon Slate Unil'usity. Cormllis, Oregon 97331 

INTRODUCTION 
The United States is the host nation for the 27th International 

Geographical Congress. an evenllhat occurs at fou r~year inler· 
vals. Oregon State University is the host institution fo r the SlUdy 
Group on Geomorphological Hazards, whose members will par­
ticipate in an excursion and symposium focused on hazard anal­
ysis. response, and planning in the Pacific Northwest during 
August 1-7, 1992. 

The following anicle traces. in a summary fashion, the route of 
th is excursion (Figure 1). (Readers may wish to break it into several 
day-long trips at their own disCfetion.-ed.) The excursion high­
lights many of the natural hazards that have been recognized and 
studied in northwestern Oregon and soulhwesttm Washington. 

It is generally recognized that the setting of lhis region, with its 
te<: tonically active plates and volcanoes. its dynamic rivers, and its 
high-energy coastline, natura lly concentrates numerous geomor­
phic processes posing hazards to human occupancy. Scientists, 

engineers. and planners. who recognize the Significance of past 
events, have been successful at limiting the impacts of recent 
catastrophic events and helping to prepare the region for the future. 
In th is light, we welcome Chainnan Professor ClifTord Embleton 
of King's College, London, U.K .. and the distinguished interna­
tional membership of this study group to share our observations, 
insights and concerns about the nature of hazards in our environ­
ment. We laud their efforts on behalf of lhe United Nation's In ter­
national Decade for Natural Hazards Reduction (IDNHR). 

THE REGION 
The physiography and geology of the region are dominated by 

an active plate margin. Spreading from lhe Juan de Fuca and Gorda 
Ridges, the Juan de Fuca Plate converges on the North American 
Plate along lhe Cascadia Subduction Zone, which utends from the 
Queen Charlotte Islandsofsouthern British Columbia soulhward for 
over 1,000 km (600 mil to Cape Mendocino in northern California 

Figure I. Locotion m(Jp showing stops offield trip. 

OREGON GEOLOGY, VOLUME 54, NUMBER 4, J ULY 1992 7S 



50° 

45° 

40° 
PACIFIC 

PLATE 

130° 

BRITISH 

COLUMBIA 

A 
A 

A 

.-1\--.-.. -.--.. 

z 
c:c o a: 
w 
:::E 
c:c 

120° 

Figure 2. Plate-tectonic map of the Pacific Northwest. The active 
subduction of the Juan de Fuca Plate, estimated at 40 mm/yr, 
dominates the tectonic activity of the region and affects both its 
seismicity and volcanic activity. From Madin (1989). 

(Figure 2). Seismic activity defines the geometry of the subducting 
Juan de Fuca Plate beneath western Washington and British Colum­
bia. In the past, the nature of the subduction-seismic or aseismic­
was in dispute. Recently discovered geologic evidence strongly 
suggests that the subduction convergence is accomplished seismi­
cally, Le., accompanied by earthquakes (Peterson and others, 1988; 
Madin, 1989). 

The deformed sedimentary rocks and the igneous intrusions of 
the Coast Range stand as testimony to the dynamics of this conti­
nental margin, as do the Cascade volcanoes-highlighted by the 
1980 eruption of Mount St Helens: Both ranges are evidence of the 
continuous production of magma from the remelted sea floor. 

The mountain ranges that block the abundant moisture from the 
Pacific Ocean produce orographic precipitation resulting in the lush 
coniferous rain forests of the coast and the deep snow packs common 
to the Cascades. Thus, the tectonic and climatic settings of the Pacific 
Northwest reflect a dynamic environment, subjected to strong en­
dogenetic and exogenetic energy and producing an awesome array 
of physical processes. 

When active processes occur in a developing landscape, the 
consequences can be catastrophic. It is with this certain knowledge 
that we explore the cataclysms of the recent past, in order to contain 
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the effects of future natural disasters. Since the "written" historical 
record of the Pacific Northwest is less than 200 years old, scientists 
must explore the nature of those high-magnitude/low-frequency 
events that have affected much of the region in its "pre-historic" 
past The security of the population and economy of the region 
depend on cautious assessments and careful planning. 

FIELD TRIP STOP 1. THE VANPORT FLOOD 
We begin our exploration of the natural hazards of the Pacific 

Northwest at Portland's Delta Park near the Interstate Bridge to 
Vancouver, Washington (Stop 1, Figure I). This is the site of one 
of the most catastrophic flood events in this region's recent history, 
the Vanport flood of 1948. Floods are a nearly universal problem. 
In the Pacific Northwest, the annual spring snowmelt accelerated 
by warm rainfall is the primary cause of overbank flows on most 
of this region's rivers. 

On Sunday morning, May 30, 1948, Memorial Day, the gauge 
on the Columbia River at Vancouver, Washington\ read 8.65 m 
(28.3 ft), more than 4 m (13 ft) above flood stage. By sunset, across 
the river, the 18,700 residents of Vanport, Oregon, were homeless 
as the Columbia inundated its flood plain in the second largest flood 
on record. 

The Columbia River basin encompasses 666,000 km2 (259,000 
mi2), draining parts of Oregon, Washington, Idaho, MonCana, Wy­
oming, Utah, Nevada, and British Columbia. Approximately 75 
percent of the region's precipitation falls in the winter months, from 
November to April, with a significant portion occurring as snow at 
the higher elevations. The Columbia River's annual hydrograph 
peaks in Mayor June, reflecting the culmination of the period of 
maximum snowmelt runoff. Most m~or historical floods on the 
Columbia were the result of spring snowmelt (Pacific Northwest 
River Basins Commission, 1971). 

On April 1, 1948, the water content of the snowpack was 
estimated to be 97 percent of normal (Pacific Northwest River 
Basins Commission, 1971). Spring was late that year, with cyclonic 
storms bringing sizable amounts of precipitation. On May 1, the 
water content of the snowpack exceeded that measured in ApriL By 
mid-May, spring had finally arrived with such force that the sub­
normal temperatures of April were replaced by above-normal ones. 
A two-week period of warm weather was capped by rain, occurring 
in extremely heavy downpours locally on May 28 and 29. 

Vanport was the largest federal housing project in the United 
States (Maben, 1987). Located on the flood plain of the Columbia 
River in north Portland, the city was within Peninsula Drainage 
District Number One, a low-lying area between the Columbia and 
Willamette Rivers. While it was considered protected, in reality the 
dikes surrounding the area were merely highway and railroad fills. 
None had been constructed to serve as levees for flood protection. 
But on May 30, 1948, authorities advised the residents not to 
panic-"the dikes are holding." 

At 4: 17 p.m. on May 30, a 6-ft break opened on the west dike, 
which consisted of railroad fill (Figure 3, point A). Within min­
utes it widened to 150 m, allowing a wall of water 3 m high to 
surge through the area (Maben, 1987). Buildings collapsed, and 
cars were overturned as the Columbia River flooded the district 
The sloughs temporarily slowed the onrush by absorbing the 
water, but as they filled, the waves again surged eastward, inun­
dating the city of Van port 

Within two hours, Vanport was completely destroyed. At mid­
night, the water level within the district stood at 5 m (15 ft). Many 
apartment buildings floated on the waves, torn intact from their 
foundations. The losses were magnified by the fact that the waters 
had only one exit from the City's street network. 

On May 31, the Denver Avenue levee on the eastern margin 
of the district failed (Figure 3, point B), flooding the western 
portion of neighboring Peninsula Drainage District Number Two. 
Four hours later, District Two was completely flooded when the 
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Union Avenue fill also gave way (Figure 3, point C). 
Highways, railroads, and navigation facilities that 
provided access to Portland from the north, east, and 
west were disrupted. Miraculously, only 15 lives 
were lost during the Vanport flood. 

Peak discharge of the Columbia River reached 
28.3 million liters/sec (1.0 million ft3 per second) at 
the maximum flood stage when it crested at 9.2 m 
(30.2 ft) on June I. The river remained above flood 
stage for 26 days and at bankfull stage for 51 days. 

Today, Peninsula Drainage Districts Numbers 
One and Two are owned by the City of Portland and 
have been subject to a reversal in zoning. District 
One, the former site of Van port, is now zoned for 
parks and recreational use with a race track, radio 
towers, a golf course, and a wildlife refuge. With 
improved levees, District Two now contains recrea­
tional parks as well as a commercial area consisting 
of a business park, shopping facilities, restaurants, 
and a horse race track. However, the flood risk rating 
for District Two is predominantly 1-0.2 percent re­
turn frequency, with low-lying areas rated at the 
I-percent return frequency, as is District One. 

This "non structural" approach to flood mitigation 
is consistent with the Flood Insurance Program ad­
ministered by the Federal Emergency Management 
Administration (FEMA). This program encourages 

Figure 3. Location offormer Vanport City and of the sites of progressive failure 
of (A) railroadfill on May 30, 1948; (B) DenverAvenuefill on May 31; and (C) Union 
Avenue fill later that same day. 

the nonresidential use of flood-prone areas by providing low-cost 
flood insurance to property owners but also imposing restrictions 
on the reoccupancy of flood-prone areas, including "flood proof­
ing" of buildings and minimum elevation for residential structures. 
Since 1948, additional flood-control capacity has been added by 
dams on the upper Columbia River, so that the flooding threat to 
the Portland area is significantly reduced. 

Exit Delta Park and drive east along Marine Drive, follow signs 
onto Interstate 205 (south), then exit at NE Halsey (westbound). Tum 
north on 92nd Avenue to Rocky Butte Road and Stop 2 at Joseph 
Wood Hill Park atop Rocky Butte. 

FIELD TRIP STOP 2. SPOKANE FLOODS 
Floods of much greater magnitude than even the largest Colum­

bia River seasonal floods played a major role in shaping the 
Portland landscape. During the Pleistocene epoch, the Spokane 
Floods (also referred to as the Missoula Floods) surged westward 
out of gi<tcial Lake Missoula through northern Idaho and eastern 
Washington and down the Columbia Gorge, producing a heavily 
scoured region in eastern.Washington that is called the "Channeled 
Scabland" and temporarily filling the Willamette Valley as far south 
as Eugene (Figure 4). 

Lake Missoula formed when a lobe of the Cordilleran ice sheet 
dammed the Clark Fork River in northwestern Montana. As the ice 
lobe waned, the ice dam collapsed, releasing 2,000 km3 (500 mi3) 
of water (Price, 1987). Estimates indicate that the flood flow 
velocities reached 30 mlsec (100 ftlsec) along constrictions in the 
Gorge, with a discharge of nearly 7 km3Jh (1.66 mi3Jh) (Baker and 
Nummedal, 1978). As the debris- and ice-laden water surged into 
the lower Columbia River, it scoured out a channel 100 m (330 ft) 
deep beneath the present river bed and flooded almost 800 km2 (300 
mi 2) of the Willamette Valley. The waterlevel in the Portland region 
rose to 120 m (400 ft), and as the flood subsided, sediments 
accumulated to a depth of 75 m (250 ft). 

That several floods occurred as the Cordilleran ice sheet waxed 
and waned throughout the Pleistocene is evidenced by the terraces 
found throughout Portland. Five distinct terrace levels are located at 
45 m, 60 m, 250 m, 88 m, and 100 m (150 ft, 200 ft, 250 ft, 290 ft, 
and 330 ft, respectively) above sea level and are composed of 
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unconsolidated sand and gravel with an occasional granitic erratic 
(Price, 1987). The University of Portland is situated on the lowest 
terrace located in north Portland, with the higher terraces found in 
east Portland. As the floods exited the Columbia Gorge, they sur­
rounded Rocky Butte, forming a depositional delta with two lag bars 
to the west, and scoured a dry channel, Sullivan Gulch, into the 
gravels in the area now occupied by Interstate 84 and the rapid-transit 
system (Price, 1987). Figure 5 shows the location of this delta, the 
bars, and the scour channel, along with several of the terraces. 

Return to 1-205 (north), then exit eastbound on 1-84. Continue 
eastward for 21 km (/3 mi) to Corbett, then follow the Columbia 
River Scenic Highway east to Crown Point State Park. 

FIELD TRIP STOP 3. COLUMBIA GORGE 
The scour effect of the Spokane Floods greatly altered the 

stream valley that traversed the Cascade Range before the deluge. 
The flood waters entered this canyon at The Dalles, cresting at over 
300 m (1,000 ft) while scouring the local basalts to 70 m (225 ft) 
below sea level. The powerful torrents stripped soils and plucked 
bedrock along the canyon, leaving oversteepened walls, prone to 
mass wasting. The floods rose to overtop 300-m (I,OOO-ft) bluffs 
at the east end, dropping to 275 m (900 ft) by Hood River and about 
180 m (600 ft) at the Crown Point overlook. The numerous water 
falls that descend from the 150-m (450-ft) elevation attest to the 
widening of the Gorge by the Spokane Floods. The steep walls are 
especially unstable along the north side of the river between Wash­
ougal and Dog Mountain, where the old volcanic ash and mudflow 
deposits of the Eagle Creek and Ohanapecosh Formations comprise 
the bedrock-in contrast to the resistant Columbia River basalt that 
forms the south rim and Crown Point. Several of the major slides 
that may be seen from the Crown Point overlook include a basalt 
slide block at Rooster Rock (immediately west of the overlook) and 
the large headwalls of the Skamania slide, which exposes the Eagle 
Creek Formation across the Gorge to the north. The large Cascade 
slide may be seen further upstream on the north end of Bonneville 
Dam (Figure 6). 

Exit Crown Point and continue eastwards on the Scenic Highway, 
rejoining 1-84 east of Dodson. Turn off at Bonneville Dam. 
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Figure 4. Regional extent of the Spokane floods during the Pleistocene, showing extent of glacial ice (densely dotted), glacial lakes 
Missoula and Columbia (light dots), and flooded areas (dashed pattern). Reproduced with permission from Allen and others (1986). 
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f-Figure 5. Deflection of Spokane flood currents by the resistant 
basalts of Rocky Butte and Mount Tabor with lag bars to the west of 
Rocky Butte and a deep scour channel to the south. This channel is used 
by Interstate 84 and Portland's light-rail transit system. Terrace edges 
and approximate elevations are shown by hachured lines and large 
elevation figures. Surficial geology supports the geomorphic interpre­
tation: Qal=Recentalluvial sand and silt; Qff=outburst-flood silt of late 
Pleistocene age; Qfc=outburst-jlood gravel of late Pleistocene age; 
QTg=Pliocene-Pleistocene gravels; QTb=Pliocene-Pleistocene basal­
tic lava flows; Tt=Pliocene gravels; diagonal dashed lines indicate 
inferred buried faults. Modifiedfrom Allen (1979) and Madin (1989). 

FIELD TRIP STOP 4. BONNEVILLE DAM 
Finding an acceptable site for Bonneville Dam was exceedingly 

difficult. The geology of the Columbia Gorge at Bonneville is 
extremely complex, largely due to the results of volcanic activity, 
catastrophic ice age floods, and over 130 km2 (50 mi2) oflandslides. 
The largest of the landslide debris flows, the Cascade slide, occurred 
approximately 700 years ago and covered an area of 50 km2 (14 mi2). 

Bonneville Dam is located on the toe of that landslide (Figure 7). 
Carbon (14(:) analyses of buried trees (Lawrence and Lawrence, 
1958) indicate that the slide occurred around A.D. 1260. The tem­
porary damming of the river that resulted was known in Native 
American legend as the "bridge of the gods." The remnants of the 
landslide toe formed the "cascades of the Columbia" until drowned 
by the water impounded behind the dam. 
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Figure 6. Major landslide areas between Washougal, Washing. 
IOn. and The Dalles. Oregon. Names of landslide areas are wrillen 
in capitallellers. namesofcities in lower-case lellers. Modifiedfrom 
Allen (1979). 

The Columbia River and its tributaries account for 40 percent 
ofthc hydropower potential of the Uni ted States. Bonneville Dam 
was the first dam bu ilt as part of the massive Columbia-Snake 
River develo pment project. It is located 64 km (40 mi) east of 
Portland in one of the most scenic spots in the Pacific Northwest, 
the Columbia River Gorge. Its location places it at the tidal limit 
of the Columbia River. about 235 km (145 mi) from the Pacific 
Ocean. The dam impounds 77-km (48-mi)-long Lake Bonneville 
and incorporates a spillway, two powerhouses. three fish ladders. 
and a fi sh hatchery. 

In 1930. engineers and geologists in search of a stable dam 
foundation were unable to find suitable bedrock through the Cascade 
slide). Additional core samples identified an acceptable site near 
Bonneville in NO\'ember of 1933. and construction began immedi­
ately. However. after more drilling. geologists located a beller site 
2.000 ft downstream for the original si te. Construction was moved 
to the dam's present location, where engineers found a good bedrock 
foundation for the dam in two basalt intrusions or uplifts. 

Bonneville Dam is a key part of the go\'ernment's multipurpose 
development of the Columbia-Snake River region. Its two power­
houses have a generating capaci ty of 1.084.3 Megawatts and are part 
of a vast hydropower system supplying 85 percent of the electricity 
for the Pacific Northwest. Bonneville Dam was constructed to 
provide hydropower and navigation but does not provide any flood 
control. Besidcs hydropower. dams on the Columbia-Snake system 
provide navigation. irrigation. recreation. fish and wildlife habi tat. 
and crucial flood controL 

Bon\¥!ville Fish Hatc hery is operated by the Oregon Department 
of Fish and Wildlife and is the oldest hatchery in Oregon. The 
Bonnevi [[e Hatchery is just one of many in the Columbia system that 
together produce [50 million salmon and 9 million steelhead finger­
lings each year. The hatchery is pan of the most extensive fi sh 
preservation ~roject in the world. In the past decade. over S I billion 
was spent on Improvement of fish runs or in revenue losses through 
reduced hydropower production. 

The new Bonneville Navigation Lock is scheduled for comple­
tion in. 1993 and will replace theorigina[ lock built in the mid-1930s. 
During an average year. 10 to 12 million tons of cargo. primarily 
grains and petroleum products. pass through the facility. The new 
lock. built at a cost of $329 million. will impro\'e the average time 
in system for a barge from 12.7 hours to 1.9 hours. 

Cominlte east 011 /-84 to Mosier, exit and 111m east toward 
Rowena WId Mayer St(JIe Purt Cominue /4,5 knr (9 mi) to tire Tom 
McCall Memorial Grasslmld WId ol'e rlook. 

FIELD T RIP STQI' 5. ROWENA OVERLOOK 
The overlook is located at the entrance to the Columbia Gorge. 

where the watcrs of the Spokane floods washed over the valley walls 
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Figure 7. Oblique I'iew of Cascade landslide zone. looking east. 
Arrows indicate three mnjor slides within the zone. BD=location of 
Bomlel'ille Dmn. Sketch by Bret Hazell. 

to an elevation of 300 m ( 1,000 ft). The rocks have been stripped of 
soi l. and the noodwater elevation can easily be seen on the opposite 
shore. whcre Columbia River basalt is exposed just east of Lyle. 
Washington. The Ortney anticline (east) and Mosier syncline (west) 
deform the basalts along this section. 

Descenel the Rowena loop eastbmwd and retum to 1-84 East. 
Continue to The Dalles. Exit / -84 at the Second Street exit, tum right 
on Libert), Street. climbing to the top of the hill. then tum left OIr The 
Dalles Scenic Dril·e. Stop at tire Sorosis Park o\'er/ook. 

FIELD TRIP STOP 6. T HE DALLES 
The city of The Dalles has had a long hislOry of progressive 

lands lide damage to structures and utilities due to slow-moving 
creep of a deep-seated slide (Beaulieu, 1985) (Figure 8). The 
upper surface at the overlook consists of the clay-rich Chenoweth 
Formation. which has been progressively sliding on top of the 
Columbia River basalt. which dips locall y toward the river. The 
Spokane noods ponded here to depths of 300 m ( 1.000 ft) and 
almost certainly caused oversteepening and erosion of the lower 
slopes by re moval of lateral su pport 10 the slope. As the chy grew. 
local springs were blocked. buildings loaded the slope. and 
drainage was allowed to infiltrate into the slide mass. As a result. 
ground movement of 1.2-5.3 cmlyr have been recorded through­
out much of the area. 

Figure 8. Ltmdslide area in The Dalles. Outlined arrows indica/e 
damoge to stmctllres. streets. and utilities due tQ ground mOI'enrent; 
solid urrows indicate recent sliele activit)'. Stippled areu shows most 
aeth'e "illller :(me" of this lIested slide block. Modified from Sholill 
(1982). 
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Figure 9. Side-looking (lirborne r(l(/(Ir (SLAR) image.l· of Ihe May 18. 1980. emplioll of MOllllt St. Helells. This lechllique h"(U used 
to pelletr(l{e Ihe hem')" ash in Ihe lower (llmOlphere. The ill/age i .l· llil'it/ed into 111"0 challnels: The top im(lge iIIustrales staliol1ary 
obje("u . . \"!I("h (IS Ihe newly forllled eXI,/osioll craler (A). Ihe Ilfllnmo("ky sur/a("e 0/ the debris a"(I/(lII("he (R). (llId the llebris cOI"f'fillg 
Ihe .l"lIrf(l("l' of Spirit Ulke (C).ln the !JOllolII "iell/re. objects ill 1II0lioll (Ire ell1plwsi:ed. SIId1 as Ihe IIIlIdflows ellllllll/ting frolll Ihe 
lermiIlU.I· of Ihe llelHis (I'·a/(lII("he (D). a Illlee ardeme liescelll/ing the we.w flank of Ihe '·o/elmie l·Olle (£) (1111/1111' llebri~-I(j(len Plinian 
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Arllly Nalionll/ GlIlIrd. 
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Cross the Columbia River and return (west) to Carson, Washing­
ton, along Highway 14. Continue north to Swift Creek Reservoir and 
on to Mount St. Helens National Volcanic Monument and the Windy 
Ridge Viewpoint via Forest Service Roads 26 and 99. 

VOLCANIC HAZARDS: THE MOUNT ST. HELENS 
EXAMPLE 

The devastating eruption of Mount St. Helens on May 18, 
1980, had a profound impact on the region. This formerly popular 
recreational area suffered complete destruction-with over 430 
km2 (166 mi2) of forest destroyed and over 50 lives lost. But 
beyond the immediate destruction, the downwind ash fall, and 
the disruption of rivers by mudflows, the people of the Northwest 
were shocked into the realization that the volcanoes of the Cas­
cade Range were much more than benign objects of beauty on 
the horizon. A heightened sensitivity to natural hazards has 
resulted from this dramatic event. 

For scientists, Mount St. Helens, the youngest and most studied 
Cascade volcano, is an excellent natural laboratory. Many pioneer­
ing studies already underway at the time of the May 18, 1980, 
eruption have given us new insight to complex processes involved 
in an eruption, such as volcanic landslides, debris avalanches, 
lateral phreatic blasts, Plinian ash plumes, pyroclastic flows, lahars, 
and subsequent erosion and dissection of the landscape. The dev­
astated landscape provides a rare opportunity for long-range geo­
morphic, hydrologic, and biological studies as it recovers from this 
catastrophic event. 

During the last 4,500 years, Mount St. Helens has been more 
explosive than any other volcano in the conterminous United States 
(Crandell and Mullineaux, 1978). At the time when Mount Baker 
was showing increased thermal activity (Rosenfeld and Schlicker, 
1976), Crandell and others (1975) warned that, based on past 
history, Mount St. Helens could erupt soon-possibly before the 
end of the century. 

On March 15, 1980, the western Washington seismic network 
detected a series of small earthquakes beneath the volcano. Seismic­
ity markedly increased on March 20, followed by a small phreatic 
eruption on March 27 that opened a small summit crater (Rosenfeld, 
1980). The summit crater continued to enlarge for two months as 
phreatic (steam-blast) activity continued, eventually reaching 700 m 
(2,300 ft) in length and 200 m (656 ft) in depth. During this phase, 
viscous magma was intruding high into the older volcanic cone, 
inflating the northeast flank of the mountain and creating an ominous 
"bulge" beneath Forsyth Glacier. The inflation continued at a con­
stant rate of 2.5 m (8 ft) per day with no acceleration until the 
cataclysmic eruption. 

At 0832 local time on May 18, a Richter magnitude 5.1 
earthquake triggered the failure of the unstable north slope in a 
landslide that was enhanced by the rapid unloading and depres­
surizing of the buried magmatic injecta and associated super­
heated ground water. The landslide and the debris subsequently 
produced by phreatic explosions formed a complex debris ava­
lanche that descended the volcano's north flank and traveled 25 
km (15 mi) west down the valley of the North Toutle River in 
about 10 minutes. Unloading by the landslide and rapid release 
of confining pressure on the superheated interior of the cone 
together produced a north-facing lateral explosion that carried 
pyroclastic debris outward, toppling trees over a 500-km2 (193-
mi2) area and killing most living things with an air temperature 
of about 600°C (Rosenfeld, 1980). 

The eruption eliminated the upper 400 m (1,300 ft) of the 
volcanic cone and excavated a 625-m (2,000-ft)-deep crater, 2.7 
km (1.7 mi) long and 2.0 km (1.2 mi) wide, in the remaining 
mountain. About 30 minutes after the blast, lithic fragments were 
explosively ejected in an eruption column that reached 14-16 km 
(8.5-10 mi) in altitude throughout the morning. Around noon, a 
lighter colored and more energetic eruption plume (possibly as 
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fresh supply of gas-rich magma reached the surface) attained an 
altitude of over 19 km (12 mi) and was carried as far east as 
Denver, Colorado. Also around noon, melting ice, and ground 
water began to coalesce in the 2.5-km3 (0.6-mi3) debris ava­
lanche. As a result, saturated debris formed a lahar (volcanic 
mudflow) that descended down the North Fork Toutle River 
valley in to the Cowlitz and eventually the Columbia Rivers. This 
mud flow destroyed over 200 homes and deposited over 72 mil­
lion m3 (94 million yd3 or 2.5 billion ft3) of sediment along its 
course (Lipman and Mullineaux, 1981). 

In addition to ground observations, remote sensing captured 
many of these events. Rosenfeld (1980) used side-looking airborne 
radar (SLAR) to penetrate the heavy ash concentrations in the lower 
atmosphere that obstructed most direct observations. Figure 9 
shows many of the features described in the preceding text as they 
actually occurred. 

FIELD TRIP STOP 7. WINDY RIDGE VIEWPOINT 
The viewpoint is located 7 km (4.3 mi) northeast of the crater, 

along the divide between the Toutle River basin and the Lewis River 
basin. Windy Ridge is capped by about 1 m (3 ft) of blast deposits 
from the lateral blast. These deposits include gravel- to coarse­
sand-sized rock fragments from the volcanic cone, including light­
gray vesicular dacite from the "bulge" intrusions, and fragments of 
shredded wood. 

From the crest of the ridge, north of the parking lot, the top of 
the 235-m (770-ft)-high dacite dome (extruded between 1980 and 
1986) can be seen, as can the hummocky debris-avalanche de­
posits, the lighter toned pyroclastic flows, and Spirit Lake. Figure 
10 shows a sketch of the panorama from this site. One can 
visualize the eruptive sequence: First the lateral blast surged over 
the landscape, shredding the forest and scouring up to 1 m (3 ft) 
of soil. The hot blast deposit then coated the landscape. The 
landslide/debris avalanche, moving at 250 kmlh (155 mi/h), 
entered Spirit Lake and caused a catastrophic wave that washed 
northwards nearly 400 m (1,300 ft) up the flanks of Mount 
Margaret. Losing momentum, this wave sloshed back into the 
lake basin, washing many broken trees with it. Large blocks of 
the debris avalanche, some more than 20 m (65 ft) in diameter, 
came to rest in Bear Cove on the northwest shore of the lake, 10 
km (6 mi) from the mountain. Another high-speed portion of the 
avalanche overtopped Johnston Ridge on the north side of the 
Toutle valley, as the remainder of this broken mass headed down 
the valley for an additional 20 km (12 mi). 

The Spirit Lake basin collects runoff and snowmelt from the 
north flank of the volcano and its basin. Pumping was used to keep 
the lake from overtopping and possibly causing liquefaction or 
catastrophic erosion of the unstable debris-avalanche blockage. The 
pumps were replaced by a 2,500-m (8,200 ft)-long, gravity-fed 

Mount SI. Helena 
south 

Figure 10. Panoramic sketch of the view to the westfrom the hill 
above the Windy Ridge parking lot. Volcanic gas and water vapor 
always rise from the dome. During humid weather, water vapor 
condenses to form visible plumes from dome and fumaroles in the 
pyroclastic flows of the Pumice Plain. P= Windy Ridge parking lot, 
J=Johnston Ridge, S=Sugar Bowl dome, H=Harry's Ridge, 
PP=Pumice Plain, SL=Spirit Lake, NTV=North Fork Toutle River 
valley, T=Spirit Lake outlet tunnel, A=debris-avalanche deposit 
(Spirit Lake blockage). Drawing by Bobbie Myers. 
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tunnel cut through Harry's Ridge to Coldwater Creek, thus fill ing 
the water level in Spirit Lake. 

A small instrument shed on Harry's Ridge houses measurement 
and telemetry equipment used by the U.S. Geological Survey to 
monitor volcanic activity. When significan t changes occur. the 
Survey notifies the USDA Forest Service, the agency that is respon­
sible for all access deci sions within the Mount St. Helens Volcanic 
National Monument. 

Return f rom Windy Ridge parking lot back to the Meta Lake 
turnoff (Road 26). Meta Lake is an excel/em example of Ihe 
blowdown area. and a point about 8 km (5 mi) north of Meta Lake 
shows the terminus of the lateral blast J 8. 7 km (J 1.6 mi) north of 
the crater. Cominue north 10 RUlldle, Washington. Proceed west 
on Highway 12, then south on Route 505 towards Toutle. Wash­
ing/Oil. Tum east on Route 504 and proceed 10 the Toutle River 
Sedimelll Retell/iolr Structure. 

FIELD TRIP STOP 8. TOUTLE RIVER SEDIMENT 
RETENTION STRUCTURE 

This location demonstrates the geomorphic disruption of the 
landscape caused by the eruption. The immediate concern following 
the eruption was to assess the natural-hazard potential posed by 
outburst flooding from avalanche-dammed lakes, flooding, and re­
newed mudflow activity. Such outburst flood ing could be caused by 
increased runoff and sediment constriction of the main channel. 
Init ial assessment techniques included ( I) interpretation 
of aerial photos of the impacted basins to detennine the 
location and volume of deposits. detention ponds. and 
blockages to drainage. and (2) aerial surveillance by aerial 
photo radar and during periods of renewed volcanic activ-
ity to provide downstream warning in the event of resul-
tant outburst-flooding or mudflow events (Rosenfeld and 
Cooke, 1982). 

Following the rescue and recovery operation. sciemists 

sive pyroclastic flows overlying pans of the upper 5 km (3 mi) 
of the deposit. Erosion of the debris avalanche proceeded chie fl y 
by the development of new channels and the elltension. deepen­
ing, and widening of channels initiated by the fl oods and mud­
flows of May 18- 19, 1980, and subseq uent breaches and outburst 
floods from impounded tributary lakes and detention ponds. 
Channels and gull ies range 3-50 m (9-164 ft) in depth and 3-200 
m (9-650 ft) in width, with banks sloping from 30° to 70°. Bank 
undercutting during high fl ow periods causes slumping and bank 
recession. especially where the channel is braidi ng. Initial chan­
nel development was rapid. ellcavating over 43 million m3 ( 1.5 
billion ft3 or 56 mi llion yd3) during the first year of post-eruption 
activity, an amount roughly equivalent to 2 percent of the tOlal 
volume of the debri s avalanche and more than half the tOlal 
sedi ment yield for the basin. Continued mapping and measure­
ments through October 1983 suggest that while wet-season chan­
nel networli elltension continues, it does so in response to specific 
volcanic or climatic events; furthermore, due to the hummocky 
nature of the debris surface, it does not develop· a predictable 
pattern. A ten-year storm event is predicted to yield 8.78 million 
rn3 (35.3 mi ll ion ft 3 or 100 million yd3. 

As several of the marginal lakes dammed by the debris ava­
lanche have threatened to breach and cause outburst flooding, 
anificial spillways were constructed at Coldwater Lake'"and Cas­
tle Creek Lake. Continued volcanic activity through 1986 built a 
lava dome over 230 m (755 ft) above the crater floor. Character-

Post-Eruption Erosional Balance in the Vicinity of 

Mount S t . Helens, Washington 

1980-1981 

started numerous erosion monitoring ac tivities within the 
devastated area. including placement of erosion stakes, 
measurements of sedi mentation and discharge, and aerial 
photography after each storm. 

Sedl"".! S'Of.g O • ,0' .. -
(s. dr....,, ' YI. ld • ,0' .... ) 

The U.S. Anny Corps of Engineers constructed the 
Sediment Retention Structure to inhibit the release of 
sediment from the upper Toutle Ri ver basin and reduce 
sediment constriction of the lower reaches of the Toutle, 
Cowlitz, and Columbia Rivers. A hasty retaining struc­
lUre. N-I. was constructed on the North Fork Toutle River 
and completed by fall of 1980. Monitoring of sediment 
storage and periodic dredging of accumulated materials 
was planned for this structure. 

Figure II summarizes the major components of the 
1980-81 sediment budget as detennined by the aerial 
inventory, field measurement of erosional processes, and 
periodic sampling of the stream. Various components of 
the landscape responded differently to epiSodes of volca· 
nic activity, climatic events, and man-made erosion con­
trol and stabilization projects, and this has thwarted efforts 
to accurately model a long-tenn sediment budget for the 
area. However, several important process-response rela­
tionShips have been accurately observed, and their trends 
can be identified. 

The rock slide-debris avalanche deposits occupied a 
35-km (22-mi )-long path from the breac hed nonhern 
face of Mount St. Helen, down the nonh flank of the 
cone. and filled more than 60 km2 (23 mi2) of the Nonh 
Fork Toutle vatley to depths ranging from 10 to 195 m 
(33-640 ft). The composition of this material averaged 
45 percent gravel to boulders, 40 percent sand. and 15 
percent silt, with coarse pu mice resulting fro m succes-
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Figure J J. SchemOlic iIIus/ra/ion of Mount St. Helens sediment budget. See 
discussion in text. 
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ired by pumice flow s, lava extrusion and small, ash-laden ellplo­
sions, several episodes have had substantial impact. For ellample_ 
on March 19, 1982, a blast of hot pumice, dome rocks, and gas 
dislodged snow from the c rater wall. triggering an avalanche of 
rock and ice that descended 8 km (5 mil down the nonh flank of 
the mountain. A combination of frictional heat and warmth from 
the juvenile pumice caused rapid melting of the avalanche de­
posit. formin g a transient lake within the crater with an estimated 
volume of 4 million m3 (14 1 million ft3 or 5.2 million yd3. A flood 
of water and pumice simultaneously discharged both east and 
west of the lava dome, coalescing into a fluid lahar that cut a 30-m 
(98-ft )-deep channel while reaching an estimated discharge of 
14,000 m3 (494.000 ft3 or 18,000 yd3) per second. After descend­
ing the nonh fla nk of the volcano, the lahar di vided into anasto­
mosing channels across the surface of the 1980 debris flow. 
causing the integration of previously isolated basins into the 
channel network and incis ing cen ain channel segments more than 
10 m (33 ft). Two lithologically distinct surges reached the N- I 
retention dam 35 km (22 mil from the crater, filling the basin with 
1.9 mill ion m3 (67 million ft3 or 2.5 million yd3) of sed iment. 
then breaching and severely eroding the structure. Below the 
spillway. the sediment aggraded into the main channel of the 
Toutle River, previously choked by deposition from the winter 
storms of 1981 and 1982. Although peak discharge was an order 
of magnitude less than the deluge of May 18. 1980. the mudl ines 
of this event came within a few meters of the in itial lahar. As long 
as Mount St. Helens remains volcanically active, a potential 
ellists for additional destruction from flood s and muddy lahars 
far from the vent. 

Construction of the Toutle River Sediment Retention Structure 
(S RS). just upstream from the confluence of the Toutle and Green 
Rivers. was completed in 1989 at the cost of $73.2 million. Its design 
was based upon a worst-case scenario of an ellplosive volcanic 
eruption during a large winter snowpack. If such an event were to 
occur, models have predicted, a flow of 75 million yd3 (57 m3) of 
mud and debris would corne down the Nonh Fork Toutle River. 

The SRS is designed to retain sedimenl and debris. not water. Its 
unique design consists of a 550-m (I ,800-ft) embankment. a con­
crete outlet structure. and a 600-m (2.000-ft)-long spil lway along the 
north side. The SRS embankment is primarily built of rock fill over 
a compacted alluvial foundation. Its design allows water to pass 
through filter zones both underneath and through the edifice. The 
huge concrete outlet structure has six rows of fi ve outlet pipes 
allowing water and fish to plunge vertically into the downstream 
outlet basin. These pipes will be systematically closed as sediment 
accumulates on the upstream side of the structure. 

It is estimated that the 1.300-ha (3 .200-acre) lake behind the SRS 
will fi ll completely with 250 million m3 (8.8 billion ft3 0r 327 million 
yd3) of sediment and debris by the year 2010. SRS functions un­
manned and is monitored by instruments for seepage. settlement. 
lateral deflection, internal pressure. and seismic movement. 

When Hwy 504 is completed in summer of 1993. the debris 
avalanche will be open for visitors, who will be abl~ to drive to 
Coldwater Lake within the National Monument. 

Refurn along Highway 504 to Castle Rock. Be sure 10 SIOI' at the 
Mount St. Helens visitors center to see the displays. Rewm 10 
Portland via 1-5 south. 

FIELD TRIP STOP 9. COUNCIL CREST PARK, 
PORTLAND 

Council Crest Park in the Portland Hills provides a good view of 
the metropolitan area, its terraced floodplain portions as well as the 
reminders of past volcanic ac tivity. and, weather pennitting. of the 
chain of the High Cascades. Among the geologic haz.ards of the area 
(Figure 12). one type is now receiving particular attention: the 
eanhquake hazards. 
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Figure J 2. Portland area sketch map showingfault zones. areas 
of steep slopes (crosshatched), areas of unconsolidated sediments 
(dOlled). and epicenter of 1962 earthquake (hexagon). Modified 
from Wong alld others (1990). 

Seismic risks in the Portland metropolitan area 

The active subduction process along the Cascadia Subduction 
Zone implies several possible types of eanhquakes in the Portland 
area: (a) Shallow crustal (upper plate) earthquakes, occurring along 
local faults and with potential magni tudes (M) up to M 7.0: (b) large, 
deep (intraplate) earthquakes. occurring within the subducted Juan 
de Fuca Plate. 40·60 km (25-37 mil beneath the surface and wi th 
potential magnitudes up to M 7.5: or (c) very large (interplate or 
interface) earthquakes. occurring where the surfaces of the plates 
meet and periodically slip, with the potential of causing eanhquakes 
of magnitudes M 8, 9, or greater (Figure 13). 

All of the historical eanhquakes have been the shallow crusta l 
variety, the largest being a M-5.1 event centered on Vancouver. The 
current state of fault mapping and the shon record of historical 
earthquakes make estimation of earthquake potential and magnitude 
difficult. Large. deep earthquakes. originating at depthsof 40-60 km 
(25-37 mil within the subducted Juan de Fuca Plate, have occurred 
in the Puget Sound region. The occurrence of a small number of 
well-located, similar earthquakes suggesls that those seismogenic 
plate conditions also ellist under northwestern and southwestern 
Oregon. Although it is easy to dismiss the seismic risk on historic 

INT£RPLA TE """'iii;;;: 
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Figure 13. Schematic cross section through the Portlllna metro­
politan area showing the location of potential earthqun.ke zones. 
Courtesy of fall P. Madin. 
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grounds. a growing body of geologic and seismic evldeoce suggests 
that a preyiously unrecognized Ic\'el o f eanhquake hazard may exist 
in the Ponland area. 

In view of the lack o f data for detennining potential eanhquake 
sources, efforts in Ponland are focusing currently on characterizing 
the area 's potential for disastrous responses to eanhquakes, panicu­
larly amplified ground shaking and liquefaction. Soft or low-cohe­
sion soils up to 50 m (164 ft ) deep are widespread in the metropolitan 
area (Madin, 1989). and drilling is underway to map their location. 
character, and proximity to adjacent faults. The current mapping 
efforts will eventually lead to maps that can be used by government 
agencies. engineers. and planners for ha7.ard mitigation. 

Dril'e west on Highway 26 to High ... ay 6. continue to .... ard 
1illtunook. Stop at Milepost j I. 

FIEtD TRIP STOP 10. WILSON RIVER LANDSLIDE 
On April 4. 1991. a large planar slide occurred at this site. 

closing Highway 6 with an estimated 400,000 m3 ( 14 billion ft3 or 
523,000 yd3) of landslide debris (Figure 14). This type of mass 
wasting event is quite typical of large·scale landslides in the Coast 
Range. Precursors to this event were heavy saluralion of the slope 
by a series of winter storms. tension cracking along the upper failure 
plane. which allowed rapid infiltration of surface runoff. and small 
mudslides o f liquefied soils at the site immediate ly preceding the 
rapid failure of the slope. 

The failure plane occurred along the contact of two deeply 
weathered basaltic breccia units at an average depth o f 17 m (55 ft) 
at a 330 angle. The apparent "trigger" for this catastrophic fai lure 

Fi8u~ 14. Wilson Ril'er ca"yo" la"dslide of 1991. Photo cour­
les)' of SUS(llme L O ·Agllese. O~gOlI SWle Highway DivisiOlI. 
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was the increased loading and elevated pore-water pressure that 
resulted from abnormally high an tecedent rainfall. The crest of the 
Coast Range received more than ISO mm (6 in) of precipitation in 
the preceding 24 hours and a tOtal of 275 mm (8.8 in) over the 
preceding 30 hours. The slide blocked 200 m (650 ft) of the highway 
and panially obstructed the Wilson Ri Yer. Remoyal and repair costs 
exceeded $2 million. 

COII/illue wesl. {XISS through Ttl/til/lOok. tum sOllth 0 11 Highway 
10/. alldfol/ow Ille 1ilree Capes Sctllic Loop 10 Netans Bay Dril'e. 
COII/imit sOllfh 01/ Netans Bay Dril,t 10 \Vee lVil/ie :S Restauram. 

FIELD TRIP STOP It. SHORELINE SUBMERGENCE 
AT NETARTS BAY 

Although western Oregon comprises about a third of the 
Cascadia Subduction Zone. it has not experienced a subduction 
eanhquake' in hi storic times « 200 years). This apparent lack of 
large-scale subduction may be attributed to aseismic slip of the 
subducting plate. terminated subduction . or interyal s of periodic 
se ismic ity that are longer than the historic record. Recent large­
scale subduction-zone seismicity (Chile, 1960; Alaska, 1964) 
have produced rapid coastal subside nce. From wetland burial 
sequences of Holocene age a lo ng the coast of Washington, Atwa­
ter ( 1987) has reponed mu ltiple events of abrupt coastal subsi­
dence fou nd by coring in protected bays. Peterson and others 
(1988) have located similar buried organic horizons in the pro­
tected en vi ronment o f Netans Bay. USing lole dat ing of the 
Holocene o rganic materia l to establish a chronology o f multiple 
marsh burial events. they reasoned that rapid s ubmergence is 
marked by burial of a peat layer that represents the drowned 
marsh vegetation. The peat horizons are covered. o ften in ex­
tremely abrupt transition. by a capping laye r o f sandy and si lty 
sedime nts and then fin er silts and bay sediments. Evidence in the 
capping sediment layer indicates turbulent sand deposit ion from 
a large-scale sheetflood that was possibly caused by a tsunami 
event. Many of the peat horizons contain freshwater diatoms 
indicating a high marsh sett ing. whi le the bay silts contain ma­
rine-brackish diatoms o f subtidal Orig in. 

Radiocarbon ages of the youngest buried peats come from bor­
ings in the mud flats at the south end of the bay and indicate an event 
400 years B.P .. clearly before the historical record. A total of seven 
marsh burial events are recorded in the upper 5 m (16 ft ) below the 
present marsh. Wilh ages ranging up to 3.300 years B.P. 

The shonest durat ion in radiocarbon age between burial events 
was possibly less than 100 years, whi le the greatest interval is on the 
order of 1.000 years. 

Longer records of Holocene marsh burials are needed to under­
stand the tectonic cycles inferred from these data: however. some 
addit ional evidence indicates that subsidence of marshes in Netans 
Bay can be lnlced back into late Pleistocene time in adjacent bay 
terrace deposits. At least t ..... o wetland forest horizons rooted in 
Pleistocene terrace material are similarly buried by bay muds. The 
magnitudes o f coastal subsidence associa ted with the forest burials 
must cenainly be greater than those that buried wetland marshes. 
The beSt exposure o f these remnant fore sts may be seen at the tidal 
Oats and ten-aceexposuresjust nonh of Wee Willie 's Restaurant. near 
point T3 in Figure IS. 

At low tide, numerous tree stumps are exposed in the modern 
tidal flat. Several of these slUmps are close to the base o f the terrace 
exposure. Trenchi ng through the thin cover of modern muds reveals 
that these trunks are rooted in the Ple istocene terrace depos its. 
Additio nal tree roots can be seen protruding from an additional 
organic-rich layer about I m (3 ft ) above the base ofthc terrace bluff. 
The probable age of the terrace deposits exceeds 83.000 years B.P. 
and hence precludes the use of 14C dat ing to est imate the recurrence 
in tervals. Figure 15 detai ls the ten-ace exposures at three points in 
the vicinity of this stop. 
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I T wei Whale Cove Sandstone: Very fine to fine-grained micaceous-arkosic 
sandstone 

I T c r b I Columbia River Basalt Group (Grande Ronde and Frenchman 
Springs Basalt): Columnar-jointed subaerial and pillowed subaque­
ous aphyric to microphyric basalt flows 

Cannon Beach member of the Astoria Formation: Horizontally lami­
nated, thin-bedded micaceous bathyal mudstones including turbidite 
sandstone interbeds 

EXPLANATION OF MAP SYMBOLS 

* T3 Terrace site 

.L" Strike and dip of beds 
o 
I 

Contact: Dashed where approximate 

Kilometer 

Figure 15. Netarts Bay area, late Pleistocene terraces, and stratigraphic sections of buried wetland horizons from the areas identified as 
TI, T2, and T3 on the map. Modifiedfrom Peterson and others (1988). 

Return to Highway 101 and continue south to Waldport and 
Alsea Bay. Be sure to visit Alsea Bay Bridge Visitors Center for 
informative displays. Stop at Governor Patterson Memorial State 
Park south of the bay. 

FIELD TRIP STOP 12. COASTAL EROSION AT 
ALSEA BAY 

The threat of gradual sea-level rise over the next few decades 
poses an erosion hazard to much of the earth's inhabited coastline. 
A preview of such problems resulted from a brief rise of sea level 
related to the El Nino that lasted from April 1982 through July 1983, 
when a sea-level "bulge" was pushed northward along the west coast 
ofthe United States and, arriving at the Oregon coast during winter 
and spring, combined with an increased frequency of high-energy 
storm wave conditions. 

The winter storms of 1982-83, accentuated by the El Nino, were 
a nightmare for the residents of Alsea Spit. The powerful northward 
longshore drift, accompanied by sediment from freshly eroded 
beaches and terrace deposits to the south, produced a massive 
sandbar along the south shore of the bay mouth. As a result, the 
discharge from the bay was effectively deflected northward and cut 
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a channel close to shore along the distal tip ofthe spit. This allowed 
the big storm waves to attack the spit unimpeded by shallow-water 
shoaling (Jackson and Rosenfeld, 1987). The results were cata­
strophic: erosion was intense, rip-current creeps caused severe 
shoreline recession, and the spit was narrowed by 65 m (200 ft). 

The northwest sea swells of summer gradually eliminated the bay 
mouth bar, but in doing so they exposed the tip of the spit to the 
southwest storms of winter. Between September and November 
1985, over 120 m (400 ft) was lost to early winter storms. Figure 16 
shows the position ofthe spit during December of 1978, 1983, 1985, 
and 1991. During the peak erosion winter of 1985-86, many of the 
homes on the tip of the spit were saved only by repeated placement 
of large basalt blocks or "rip-rap" along the shoreline. Vacant lots 
were permitted to erode. Since then, artificial backfills and natural 
reclamation have been used to rehabilitate the spit, and many pre­
viously eroded lots now contain new homes. Although the 1982-83 
EI Nino was arguably the strongest such event in this century- the 
actual change in sea level was an increase of about 50 cm (20 in.) 
over a five-week period. If predictions of future sea-level rise are 
accurate, significant shoreline change will certainly reach cata­
strophic proportions along the beach areas of the world. 
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Figurt 16. Short/ine choTlg~s al Abea Bay, 1977· 1991. 
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Industrial minerals for environmental applications 
by Ronald P. Geitgey, OrtgOlI Department of Geology and Mineral Industrin Ponland. Oregon 97232 

INTRODUCTION 
Industria l minerals, the nonmetallic minerals, are the foundation 

of modern economies. They are the raw materials for the manufac­
turing. chemical. construc tion, and agricultural industries. Indus­
trial minerals and their derived products are encountered dai ly in 
highways. glass. paper. fenili zers. toothpaste, plastics, cosmetics, 
table sal t. and stonewash~ jeans. 

ranging from sealing waste disposal sites and removing sulfur 
dioxide from coal-fi red power plants to smaller scale. morc per­
sonal, protective uses such as sunscreen lotions and condoms. Some 
of the environmental applications are decades and even centuries 
old, others have been developed recently. and still others have been 
proven effective by laboratory testing but have not yet been devel· 
oped into commercial products or processes. 

A perhaps lesser known fie ld of industrial mineral use is the area 
of environmental protection and of mitigating environmental haz­
ards, Mined materials remove. neutralize. or isolate various pollu­
tants and reduce burdens on the environment by aiding energy and 
water conservation. The cleanup of massive oil spills and the 
bombing of forest fi res wi th retardants are spectacular ways indus­
trial minerals protect our environment. but most uses are far less 
conspicuous. such as insulation in homes and buildings. maintain­
ing proper acidlbase (pH) conditions in paper manufact uring and 
food processing. waste-water treatment. and drinking-water puri fi ­
cation. Industrial minerals are used for environmental applications 

This paper reviews a range of industrial minerals and their uses 
in environmental protection and in the conservation of various 
resources. which are ultimately means of minimizing environmen­
tal insult . A speci fi c industrial mineral may have numerous appli­
cations. and a given use may employ various industrial minerals; 
thus, any discussion approach, from either the mineral s or the uses, 
must involve some repet it ion. Figure I shows their major occur· 
rences and producers in Oregon. Figure 2 shows the major connec­
tions between these minerals and their applications. The text lists 
the commodities in alphabetical order; no attempt has been made 
10 rank the by volume used. market price. or any other means. 
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Figure I . Producen and major occurrences in Oregon of industrial minerals with enl'ironmental appiiauioflS. Producers and Ilre;r produCIS 
are approximately located by symbol and writtf!ll out in full; otheroccurrences are identified by abbreviations.' 8EN=lNntonite clay; COL:coo/; 
DIA =diatomite; GAR=gamet in mineral sands; l.S=limeslone; PER:Mrlile; PUM=pumice; Qn=qrwnz.; SOD=sodium minerals from 
alknline lakes and brines ,· TIO:titanium dioxide minerals: ZEO: z.eolite, several different r)'~$. 

OREGON GEOLOGY, VOLUME 54, NUMBER 4, J ULY 1992 87 



BENTONITE CLAY 
Bentonite is a type of sodium- and calcium-bearing clay that can 

absorb a large amount of water and swell to as much as 20 times its 
dry volume, forming a range of plastic solids, gels, or viscous fluids, 
depending on the amount of water present. It is formed by the natural 
alteration of beds of volcanic ash. The specific characteristics of 
bentonite can be modified by changing the proportions of sodium 
and calcium and by adding various organic polymers. 

Historically, the largest use of bentonite has been in oil-, gas-, 
and water-well drilling, where it is circulated down the hole as a 
viscous mud to remove rock cuttings, cool the drill bit, prevent the 
hole wall from collapsing, and contain and control any fluids en­
countered. Increasing amounts of bentonite are being used in civil 
engineering-as a sealant and liner in ditches, ponds, reservoirs, 
building foundations, and waste disposal pits, often in conjunction 
with plastic liners. A small amount of bentonite mixed with soil in 
the pond or pit floor before it is filled swells when wet, forming a 
flexible, self-sealing barrier that can be tailored to specific require­
ments by adjustments in the amount and type of bentonite used. This 
barrier protects ground water against leachates from disposal sites 
and fluids from process pits and reduces losses from water reservoirs 
and irrigation ditches. Because of its high absorbency, bentonite is 
also used to clean up oil and gasoline spills and is a major component 
in many cat-litter products. 

COAL 
Nearly all coal is burned to produce heat, but a small amount is 

used as an industrial mineral in water filtration. As water flows 
through a bed of granular material, contaminant particles are trapped 
and filtered out. Smaller contaminant particles must be filtered out 
with smaller granules. Ideally, larger particles should be removed 
first to minimize clogging of the finer filter granules. A multilayered 
filter bed with coarser sand granules on top and finer sand granules 
on the bottom is a workable system-but difficult to clean without 
disturbing the layering. A layered and easily cleaned filter bed can 
be prepared with a bottom layer of fine garnet sand, a middle layer 
of medium-size quartz sand, and a top layer of coarse coal granules. 
Garnet is a heavy mineral, about four times as dense as water, quartz 
is about 21/2 times as dense as water, and coal is only slightly heavier 
than water. These differences are the key to cleaning a used filter 
bed. Clean water pumped into the bottom of the bed stirs and mixes 
all the grains and flushes out the contaminant particles. When 
pumping is stopped, the heavy garnet sand settles to the bottom first, 
followed by the quartz sand, and finally the coal grains, reforming 
the layered filter bed. 

DIATOMITE 
Diatomite, or diatomaceous earth, is a powdery rock composed 

of the minute silica skeletons of aquatic plants that live in both 
marine and freshwater environments. Each skeleton is about the size 
of a dust particle and often resembles a finely filigreed or lacelike 
cage with elaborate holes and projections. This structure is a tiny 
sturdy sieve and a particle with very high absorbency. The filtration 
characteristics of each diatomite deposit vary with the species pres­
ent and can be modified by heat treating. Numerous liquids are 
cleaned with diatomite filters for clarification, purification, and 
recycling. Drinking water, juices, beer, wine, vegetable oils, used 
motor oil, used dry-cleaning fluids, and sewage are a few examples. 

Diatomite is highly absorbent and is used to clean up various 
liquid spills. Used by itself, diatomite can be an effective nonchemi­
cal insecticide, killing by laceration and desiccation. Insects secrete 
a waxy coating that prevents the loss of body fluids, but diatomite 
can absorb the wax faster than the insect can replace it. The sharp 
diatomite skeletons also work between the joints of the insect's 
exoskeleton, lacerating soft tissues and accelerating desiccation. 
Because of its absorbency, diatomite is also used as a slow-release 
carrier for chemical and biological insecticides such as the pyrethrins 
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that would otherwise dissipate rapidly. The insecticides then last 
longer and can be applied at lower dosages. 

GARNET 
Garnets are a group of heavy, hard, and tough minerals that occur 

in various metamorphic rocks, as well as in mineral sands. The use of 
garnet in water-filtration systems was described above. However, the 
major use of garnet is as an abrasive, both on paper- and cloth-backed 
sheets and as air-blast abrasives (for "sand blasting"). It is in this latter 
application that gamet offers environmental 'advantages over quartz 
sand. Inhalation of quartz dust can cause a fatal disease, silicosis. 
Garnet does not present this hazard, and since it is harder and more 
durable than quartz, it can be reclaimed and reused repeatedly. 

LIMESTONE 
Limestone, calcium carbonate, typically occurs as a bedded 

deposit associated with other marine sediments. Roasting limestone 
at high temperatures produces lime (calcium oxide) and carbon 
dioxide. Limestone slowly dissolves in water, produeing a weakly 
alkaline solution, while lime dissolves quickly producing a strongly 
alkaline solution. Both limestone and lime have long been used to 
neutralize acidic solutions and environments to maintain specific pH 
conditions for various processes. Examples include paper produc­
tion, water treatment, waste-stream treatment, and neutralization of 
acid soil conditions to increase crop yields. 

In recent years, processes have been developed to use limestone 
and lime in flue gas desulfurization, the removal of sulfur dioxide 
from the flue gases of coal-burning electric generating plants. Sulfur 
dioxide is a major component of acid rain. Much of the sulfur in coal, 
such as the iron sulfide minerals pyrite and marcasite, can be 
removed by various processing methods, but enough remains to form 
large amounts of sulfur dioxide when the coal is burned. Limestone 
or lime injected into the burners combines with the sulfur dioxide to 
form calcium sulfate, or gypsum, which is used to a limited extent 
in traditional gypsum markets. The United States has very large 
reserves of sulfur-bearing coal, and clean-air standards require in­
creasingly lower sulfur dioxide emissions. 

PERLITE 
Perlite is glassy volcanic rock similar to obsidian but with about 

2 to 5 percent water in its structure. Under proper heating conditions 
the glass softens, and the water turns to steam, causing the perlite to 
expand or pop, much like popcorn. The end result is a particle that 
is composed of tiny glass-walled bubbles, very light in weight, 
noncombustible, and with excellent insulating properties. Expanded 
perlite is used as loose fill insulation and as an insulating aggregate 
in concrete and in plaster products such as wallboard and ceiling tile. 
Milling, by grinding or crushing expanded perlite, produces material 
used for filter applications similar to diatomite. The most readily 
recognizable use of perlite is made in the form of the white beads 
added as an amendment in potting soil mixes to improve soil texture 
and aeration. 

PUMICE 
Pumice is a frothy volcanic rock that is often light enough to float 

on water. Its cellular structure, light weight, and relatively high 
crushing strength contribute to its use as a lightweight aggregate in 
cast concrete and concrete blocks. Using lightweight concrete can 
considerably reduce the total amount of structural material required 
in a building, and its insulating qualities reduce energy requirements 
for heating and cooling. Pumice is also used as a decorative ground 
cover in landscaping-to reduce or eliminate areas with plants that 
would require irrigation. 

QUARTZ 
Quartz, or silica, is one of the most common minerals in and on 

the Earth's crust. It occurs as veins and massive quartzite bodies as 
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COAL 
low density 

FLUE GAS DESULFURIZATION 
removal of sulfur dioxide 

from coal-fi red plants, 
reduction of acid rain 

pH CONTROL 
various chemical processes, 
waste stream neutralization, 

soil amendment 

PAPER MANUFACTURING 
nonchlorine bleaching, 

sodium chemicals without 
chlorine 

METHANE RECOVERY 
upgrading gas produced 

by waste dumps 

ABSORPTION 
spills, heavy metals, 

radionuclides; 
litter 

FILTRATION 
drinking water, beverages, 

oils, cleaning fluids, 
treatment 

ABRASIVES 
silica-free 

air-blast material 

IMPERVIOUS LINERS 
disposal sites, ponds, reservoirs; 

ground-water protection and 
surface water conservation 

ULTRAVIOLET BARRIER 
protection of surfaces from 

solar radiation 

INSECTICIDES 
nonchemical, nontoxic; 

carrier for chemical and biological 
insecticides 

THERMAL INSULATION 
loose fill, plaster products, 

concrete products 

WATER TREATMENT 
softening, 

ammonia removal 

Figure 2. Examples of industrial minerals (top, shaded) used in environmental protection and resource conservation (bottom). 



well as in sandstones, sand dunes, and beaches. Its principal use is 
in the manufacture of glass products. Quartz, both crushed and as 
sand, is widely used in filtration systems, where its durability and 
relatively low cost are major assets. Very finely ground or chemically 
precipitated silica is used as a filler in many plastic, rubber, and latex 
products-both to reduce the amount of more expensive chemicals 
required and to impart strength and durability. It is the presence of 
silica that so quickly dulls scissors used to cut plastic sheeting. 

SODIUM CARBONATE 
Sodium carbonate and sodium bicarbonate can be mined from 

bedded deposits, extracted from alkali brines, or manufactured from 
limestone and salt by the Solvay process. The Solvay process is very 
energy-intensive and produces a coproduct, chlorine, that must be 
marketed or otherwise disposed of. Since the United States has 
extensive bedded deposits as well as alkali lakes, the Solvay process 
is no longer used in this country. 

Two major concerns of environmental protection offer a growing 
market for sodium carbonate and bicarbonate: flue gas desulfuriza­
tion and paper manufacturing. For flue gas desulfurization, although 
the processes differ in specific details, sodium carbonate and bicar­
bonate are used in coal-fired burners in a manner similar to the use 
of limestone and lime. The resulting product, however, is sodium 
sulfate, which is a more marketable product than the limestonenime 
product calcium sulfate. All four systems differ in capital and oper­
ating costs, and the one chosen for a specific plant must represent 
the economic and ecological optimum for that location. 

Sodium chemicals are necessary for various processes in paper 
manufacturing. Historically, these chemicals were produced from salt 
(sodium chloride), and the unavoidable coproduct chlorine was used 
to bleach the paper as well as to produce plastics and other chemicals. 
However, various chemical reactions involving chlorine can generate 
the highly toxic dioxin family of compounds-and we know today 
of strong environmental reasons for reducing or eliminating dioxin 
production. Bleached paper can be produced without the use of 
chlorine; in fact, some sodium chemicals themselves can aid in 
bleaching. Producing sodium carbonate and bicarbonate from sodium 
mines and alkali brines rather than from salt avoids the generation of 
the coproduct chlorine, and so the use of these sources is increasing. 

TITANIUM DIOXIDE 
Several minerals contain titanium dioxide in sufficient quantity 

for commercial extraction. All these minerals are dark, hard, and 
chemicall y resistant, and these qualities make them occur commonly 
in black sands or mineral sands. Although these sands are a source 
for titanium metal as well, only about 5 percent of the production 
from sands is used for metal; 95 percent is used to produce titanium 
dioxide, a brilliantly white powder that is highly opaque to both 
visible and ultraviolet light. Its primary use is as an opacifying agent 
in paper, paints, and plastics, where it reduces the total volume of 
material required to produce an opaque sheet or coating. One of its 
conspicuous uses (or perhaps inconspicuous) is in typewriter correc­
tion fluid. The opacity of titanium dioxide to ultraviolet radiation 
reduces the deterioration by sunlight in paints and plastics and makes 
it an essential component of some sunscreen lotions. 

ZEOLITES 
The zeolites are a group of minerals characterized by a cagelike 

structure, with holes and passages whose dimensions are specific to 
each mineral. Zeolites readily exchange atoms (such as sodium, 
potassium, and calcium) in their structures for other atoms in contact 
with them in gases or in solution. They can also absorb gas molecules 
within their framework structures. Which atoms or molecules can be 
exchanged or absorbed is a function of their size and the size of the 
openings in the zeolite structure. For this reason, both naturally 
occurring and synthetic zeolites are referred to and function as 
molecular sieves. Early water-softener systems used natural zeolites 
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to exchange sodium in their structure for calcium in hard water. 
Synthetic equivalents are now used. When the zeolite is fully loaded 
with calcium, a sodium chloride solution is flushed through the 
system to remove the calcium and recharge the zeolite with sodium. 
Synthetic zeolites that remove calcium from water are also used to 
replace the phosphate that is used for the same purpose in detergents. 

Natural zeolites often occur as exquisite crystal clusters and 
fillings in the holes in lavas. However, the zeolites mined commer­
cially occur as bedded deposits of altered vQlcanic ash. The proper­
ties of natural zeolites have been studied for decades, but in spite of 
their demonstrable utility and even occasionally exotic applications, 
very few deposits have been developed commercially, and the total 
market for natural zeolites remains small. This is due in part to the 
fact that synthetic zeolites can be manufactured to perform very 
specific tasks, although at much higher cost than natural zeolites, 
and in part because large-scale demand for some of the capabilities 
of natural zeolites has not yet developed. Considering their numer­
ous potential applications in environmental protection, a growth in 
demand may not be far in the future. '. 

Some zeolites selectively absorb nitrogen, others oxygen. An air 
stream passed through an appropriate zeolite bed can then be en­
riched in one and the zeolite in the other. This can provide a low-cost 
source of nitrogen gas for inert gas applications or oxygen for 
applications ranging from steel furnaces and sewage treatment to 
portable personal respirator units. A zeolite that absorbs methane is 
used to enrich to commercial quality the gas collected from covered 
solid-waste disposal sites. A zeolite that readily absorbs odors, 
particularly ammonia, is used in several commercial products in­
cluding deodorizers for shoes, pet litter, and animal stables. 

Natural zeolites can also absorb ammonia from water solutions 
and have been used in water-treatment systems for drinking water 
and aquariums and aquaculture ponds. This ammonia-absorption 
capability has also been beneficial in animal feed. The rate of weight 
gain in certain farm animals is in part dependent on the residence 
time of ammonia in their intestinal tracts. Zeolite in animal feed 
absorbs ammonia produced in the gut, slows its loss, leads to more 
rapid weight gains, and reduces odors at the conclusion of the 
process. Large volumes of zeolite could be used in feed and as 
treatment for feedlots and animal buildings. 

Zeolites can be impregnated with fertilizers such as potash and 
nitrogen and then used as slow-release dispensers. Fertilizer appli­
cation rates can be reduced, since the zeolites keep the nutrients in 
the root zone, and leaching is reduced-which both benefits the plant 
and decreases effluent from the fields, particularly in areas of sandy 
soils. Some natural zeolites selectively absorb heavy metals such as 
lead and zinc, and laboratory-scale experiments have demonstrated 
their effectiveness in reducing the heavy-metal content in mine 
drainage waters and reducing their availability to plants in contam­
inated soils. 

Certain radionuclides are also absorbed and isolated by natural 
zeolites. Experiments in soils contaminated with radioactive cesium 
have shown that zeolite can markedly reduce uptake of cesium by 
food plants. Zeolites may also be useful in reducing the migration of 
radionuclides from waste disposal sites and from both contaminated 
surface sites and ground water. 

CONCLUSION 
All of the industrial rocks and minerals described above occur in 

Oregon. Some are currently produced for various end uses, including 
environmental applications; others, including bentonite and zeolite, 
are mined specifically for environmental-protection markets, and 
still others are not yet explored or developed. 

Environmental protection and environmental cleanup are in­
creasingly necessary activities. As standards are raised and stricter 
regulations are enacted, certain industrial minerals must be mined in 
greater volumes to both minimize environmental degradation and 
mitigate existing hazards. As with all natural-resource-based indus-
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tries, the social and economic benefits of mining any commodity 
must be weighed in part against its environmental cost. The environ­
mental costs of mining minerals for environmental protection must 
be viewed in terms of their environmental benefits. 

REFERENCES TO THE MINERALS DISCUSSED 

(Publications of the Oregon Department of Geology and 
Mineral Industries) 

General 
Ferns, M.L., and Huber, D.F., 1984, Mineral resources map of Oregon: 

Geological Map Series GMS-36, 1:500,000. 
Geitgey, RP., 1989, Industrial minerals in Oregon: Oregon Geology, v. 51, 

no. 6, p. 123-129. 
Gray, J.J., 1991, Mineral information layer for Oregon by county (MILOC): 

Open-File Report 0-91-4, 2 diskettes. 

Bentonite 
Gray, J.J., Geitgey, RP., and Baxter, G.L., 1989, Bentonite in Oregon: 

Occurrences, analyses, and economic potential: Special Paper 20, 28 p., 
3 pis. 

Leppert, D., 1990, Developments in applications for southeast Oregon ben­
tonites and natural zeolites, in Industrial rocks and minerals of the Pacific 
Northwest: Special Paper 23, p. 19-23. 

Coal 
Brownfield, M.E., 1981, Oregon's coal and its economic future: Oregon 

Geology, v. 43, no. 5, p. 59-67. 

Diatomite 
Brittain, Re., 1986, Eagle-Picher diatomite mine and processing plant, 

eastern Oregon: Oregon Geology, v. 48, no. 9, p. 108-109. 
Colbath, G.K., and Steele, M.J., 1982, The geology of economically signif­

icant lower Pliocene diatomites in the Fort Rock basin near Christmas 
Valley, Lake County, Oregon: Oregon Geology, v. 44, no. 10, p. 111-118. 

Gamet (and titanium dioxide) 
Kulm, L.D., and Peterson, e.D., 1990, Preliminary evaluation of heavy-min­

eral content of continental shelf placer deposits off Cape Blanco, Rogue 
River, and Umpqua River, in Preliminary feasibility study: Oregon placer 
minerals: Open-File Report 0-89-12, Sec. 1,28 p. 

Kulm, L.D., and Peterson, e.D., 1988, Elemental content of heavy-mineral 
concentrations on the continental shelf off Oregon and northernmost 
California: Open-File Report 0-88-4, 29 p .. 

Kulm, L.D., Scheidegger, K.F., Byrne, J. V., and Spigai, J.J., 1968, A prelim­
inary investigation of the heavy mineral suites of the coastal rivers and 
beaches of Oregon and northern California: Ore Bin, v. 30, no. 9, p. 
165-180. 

Limestone 
Brooks, H.C., appendix by Baxter, G.L., 1989, Limestone deposits in Ore­

gon: Special Paper 19,72 p., 35 figs., 27 tables, 2 pis. 

Pumice 
" 

Geitgey, RP., in press, Pumice in Oregon: Special Paper 25. 

Quartz 
Geitgey, R.P., 1990, Silica in Oregon: Special Paper 22,18 p., 2 pis. 

Titanium dioxide (see Gamet above) 

Zeolites 
Holmes, D.A., 1990, Pacific Northwest zeolite updates, in Industrial rocks 

and minerals of the Pacific Northwest: Special Paper 23, p. 79-88. 
Leppert, D., 1988, An Oregon cure for Bikini Island? First results from the 

Zeolite Immobilization Experiment: Oregon Geology, v. 50, no. 11112, 
p.140-141. 

Leppert, D., 1990, Developments in applications for southeast Oregon ben­
tonites and natural zeolites, in Industrial rocks and minerals of the Pacific 
Northwest: Oregon Department of Geology and Mineral Industries Spe­
cial Paper 23, p. 19-23.0 

OREGON GEOLOGY, VOLUME 54, NUMBER 4, JULY 1992 

IN MEMORIAM 

Harold J. Buddenhagen (1903-1991) 

By Parke D. Snavely, Jr., Menlo Park, California, and Grant M. 
Valentine, Olympia, Washington 

Harold Johnson "Bud" Buddenhagen passed away on Novem­
ber 3, 1991, at his ranch on Murphy Creek Road in southwestern 
Oregon. 

Bud was born August 23, 1903, in Springfield, Illinois. He 
married the former Pearl (Pat) Marie Masteller of Selby, South 
Dakota, on March 15,1928, in Hollywood, California. After gradu­
ating from Stanford University, he joined Shell Oil Company in 1926 
as a petroleum geologist. He worked for Shell for 29 years in various 
western states, as well as in Venezuela for three years, and in the 
Netherlands at Shell headquarters in the Hague for 17 months. 

After his retirement from Shell Oil Company in 1955, Bud and 
his family lived on Murphy Creek Road in southwestern Oregon on 
a ranch he and Pat had purchased in 1938. During 1970 and 1971, 
he and Pat traveled in a Volkswagen bus throughout Europe, the 
former Soviet Union, and Africa. Working out of the ranch, Bud 
consulted nationally and internationally for several major oil com­
panies. He also was employed part-time with the Oregon Department 
of Geology and Mineral Industries to map the structurally complex 
geology of the John Day uplift in east-central Oregon. Bud relished 
this challenging assignment because it provided him an opportunity 
to apply his considerable expertise to unravel the tectonic and 
stratigraphic framework of this poorly exposed, faulted, and folded 
terrane that involves rocks ranging in age from Devonian to Creta­
ceous. Bud's geologic maps of this complex terrane are excep­
tionally detailed, with stratigraphic sections provided for each well­
exposed outcrop. To constrain his formational contacts in areas 
covered by screens of colluvium, he enlisted the aid of his sons, John 
and James, to dig holes to the bedrock. In a 1967 report, Bud briefly 
described the lithostratigraphic units in the John Day uplift and stated 
that "deciphering the geology of this Paleozoic area is akin to 
working a jigsaw puzzle with many of the pieces missing." Despite 
constraints of poor exposures, faulted contacts, and chaotically 
intermixed volcanic and sedimentary rocks, Bud produced his ex­
ceedingly detailed geologic map of the Suplee-Izee area. This map 
was included in the compilation of the new geologic map of Oregon, 
filling a significant void in our knowledge of the geologic framework 
of east-central Oregon. Drafted copies of the geologic maps are kept 
at the Oregon Department of Geology and Mineral Industries in 
Portland, Oregon. 

Bud's love affair with nature and geology found a common 
ground on his ranch along Murphy Creek on the north side of the 
Siskiyou Mountains of southwestern Oregon. For his last 35 years, 
he was fortunate to live with his beloved wife, Pat, in this forest-cov­
ered countryside that he enjoyed so much. Bud is survived by his 
wife; a daughter, Barbara Winkelstein of San Francisco, California; 
three sons, Ivan of Davis, California; John of Alcan, Alaska; and 
James of University city, Missouri; his dear sister, Kathryn Wilson 
of Oakland, California; and 15 grandchildren and one great-grand­
son, who added much joy to his life. 

Harold Buddenhagen will be remembered by his friends here and 
abroad for his steadfast dedication to the geologic profession, his 
independent attitude and contagious sense of humor, and his unwaver­
ing pursuit of excellence. He was a member of the American Associa­
tion of Petroleum Geologists and the Geological Society of America. 

Bud's family and friends suggest a memorial contribution be 
made to the American Cancer Society. 

-Reprinted with permission from 
AAPG Bulletin, v. 76, no. 5., p. 758-759. 
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THESIS ABSTRACTS 
The Department maintains a collection of theses and disse r­

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

Subsurface and geochemical stratigraphy of northwestern 
Oregon, by Olga B. Lira (M.S., Portland State University, 1990), 
97 p. 

Lithological, geophysical, paleontological, and geochemical 
methods were used in order to define the contact relationship 
between the Keasey and Cowlitz Formations in northwestern Ore­
gon. Drill cuttings from six wells located in Columbia County were 
analyzed by the Instrumental Neutron Activation Analysis (INAA) 
method. The concentrations of K, Th, Rb, and the Sc/Co ratio in 
the samples established four different groups: (1) High K, Rb, and 
Th, with low Sc/Co ratio, typical of Cowlitz sediments. (2) Low K, 
Th, and Rb and high Sc/Co ratio, more characteristic of the Keasey 
Formation. (3) Very low concentrations of Rb and high Sc, which 
is indicative of basaltic volcanism. (4) Vertically varying K, Th, and 
Rb concentrations. The provenance of group four is uncertain, but 
it may represent reworked sediments or the interfingering of the 
Keasey and Cowlitz Formations. Plots of these elements vs. depth 
define the geochemical contacts between the formations. 

The contact was also determined by interpretations of geophys­
icallogs, the gamma ray log being the most useful. This log responds 
to chemical differences between the Cowlitz and Keasey Formations 
or local volcanic sediments. The apparent interfingering of the two 
formations is observed in wells drilled off the Nehalem arch. In the 
upper part of the arch, the Cowlitz Formation has been eroded. 
Therefore, the contact between the Cowlitz and Keasey Formations 
can be defined as conformable where they apparently interfinger and 
as unconformable where erosion or nondeposition is evident. 

The contact between the Keasey and Cowlitz Formations, as 
interpreted from the geochemical data and gamma ray logs, is the 
same, and both data sets seem to reflect a lithologic break. However, 
the paleontological time boundary between the Refugian and Nar­
izian stages does not in all the wells coincide with the formational 
boundary but occurs within the Keasey Formation. Therefore, 
Keasey Formation was deposited during both Narizian and Refug­
ian time. In localities where the geochemical, paleontological, and 
lithological contacts coincide an unconformity is defined. 

Late Quaternary tectonic development of the northwestern 
part of the Summer Lake Basin, south-central Oregon, by 
Gary D. Simpson (M.S., Humboldt State University, 1990), 
121 p. 

The Summer Lake basin is an extensional graben forming in the 
High Lava Plains of south-central Oregon, along the northwestern 
boundary of the Basin-and-Range province. The basin was occupied 
in the Pleistocene by pluvial Lake Chewaucan. Structure of the 
northwestern part of the basin is defined by three distinct fault sets: 
northwest-trending faults, the Winter Rim fault system, and a set of 
arcuate offsets within the volcanic highlands immediately north of 
the Summer Lake basin. 

Cross-cutting relations with the other fault sets suggest that the 
northwest-trending faults are th~ oldest faults in the region. Available 
relations with Quaternary deposits demonstrate that these faults are 
largely inactive. 

The Winter Rim system is defined by the main east-facing 
escarpment that forms Winter Rim and by numerous scarps at the 
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base of the rim (Jacks Lakes, Summer Lake, and White Rock 
segments). The White Rock segment of the Winter Rim system 
offsets late Pleistocene or Holocene alluvial deposits and forms 
a strong photo lineament with the Jacks Lakes segment. The 
Jacks Lakes fault offsets shallow lacustrine deposits. 

Stratigraphy in a fault-bounded depression within the arcuate 
pattern north ofthe Summer Lake basin suggests that sedimentation 
(and therefore development of the arcuate complex) was initiated 
between approximately 60 and 120 ka. Block reconstruction across 
this arcuate system suggests that the faults formed in a setting 
analogous to the head scarp of a landslide, as individual blocks of 
the Picture Rock basalt slid or toppled toward the encroaching 
extensional graben (i.e., the Summer Lake basin). These blocks 
may be sliding along a relatively shallow porous tuff layer. 

Sediments within the northwestern part of the Summer Lake 
basin were extensively deformed 12-19 ka. Compressional folding 
and thrust faulting of the lacustrine sediments indicate a widespread 
compressional stress event that affected post-19 ka strata while the 
sediments were under saturated conditions. Because Lake Chewau­
can presumably dried up about 12 ka, the age of the deformational 
episode must have occurred between 12 and 19 ka. Deformation 
occurs in localized areas as small- to large-scale isoclinal (often 
recumbent) folds and thrust features. Deformation often occurs 
along discrete bedding planes, often overlying (or sandwiched be­
tween) undeformed layers. Silt layers typically responded in a fluid, 
ductile manner, while intercalated tephra layers behaved plastically 
or brittlely. 

Recent compression of valley fill sediments in a predominantly 
extensional environment is difficult to explain. Attitudes of exposed 
structures suggest that the compressive stresses may have been 
generated along the northern Winter Rim range front. Soft-sediment 
deformation resulting from a faulting event of the northern Winter 
Rim range front may be the mechanism that displaced the saturated 
sediments in the northwestern part of the basin. In any case, the 
sediments, which had remained submerged for over 300,000 years, 
were uplifted wihtin the past 19,000 years and exposed to weathering 
and dissection by the Ana River. 

The petrologic evolution of the Holocene magmatic system of 
Newberry volcano, central Oregon, by Scott R. Linneman 
(Ph.D., University of Wyoming, 1990), 293 p. 

This study tests the hypothesis that the bimodal basalt-rhyolite 
Newberry volcanic suite of central Oregon was formed by a com­
bination of repeated, small-volume, mafic magma injections into 
the crust and by subsequent crustal partial melting. During the 
Holocene at Newberry, basaltic andesite lavas were erupted on the 
flanks, whereas rhyolitic tephras and lavas were erupted within the 
summit caldera. No simple model of fractional crystallization, 
single-component assimilation, or two-component mixing can ac­
count for the chemical variations observed in the Holocene mafic 
lavas. Rather, the data require that at least two very different 
components were assimilated by the parental basaltic andesite. The 
linear compositional trends were produced by assimilation of silicic 
material, either evolved crust or rhyolitic liquid. The isotopic char­
acteristics of the suite were strongly influenced by a Sr-rich, radio­
genic component, possibly a local sediment. The Holocene mafic 
lavas reflect the compositional variety of the upper crustallitholo­
gies at Newberry. 

Petrologic details from the Holcene rhyolites provide a compel­
ling case for the existence, during the Holocene, of small, short-lived, 
possibly unconnected reservoirs of silicic crustal melts. These in­
clude (1) the lack of temporal correlations of geochemical variables, 
(2) possible geographic correlations of geochemical and isotopic 
variables, (3) physical evidence of crustal melting, (4) the lack of 

OREGON GEOLOGY, VOLUME 54, NUMBER 4, JULY 1992 



evidence connecting bimodal end members, and (5) evidence that 
the rhyolitic liquid(s) were superheated, 

Physical evidence for a complex scenario of assimilation occurs 
within the Holocene lavas as mingled lavas and magmatic inclu­
sions. The textural features and mineral compositions ofthe mingled 
lavas indicate xenocryst formation by (I) shear-induced folding of 
the silicic portion into the mafic portion and (2) mafic magmatic 
inclusion formation and subsequent disaggregation. The character­
istics of the mafic magmatic inclusions of the caldera rhyolites can 
be explained by the mechanical disaggregation of larger, semi-rigid 
inclusions trapped in the BOF rhyolitic magma. Therefore, the 
coarse-grained inclusions are not petrologically significant cumu­
lates. 

Newberry volcano of central Oregon and Medicine Lake vol­
cano of northern California have remarkable similarities, which 
suggests that the dominant petrologic processes acting at the two 
volcanoes are the same. Primitive high-alumina basalt is allowed 
into the upper crust by frequent episodes of extension associated 
with the volcanoes' location behind the Cascade volcanic arc. As 
an alternative to the widely accepted model of single, large, long­
lived magma chambers, I propose that bimodal igneous suites are 
produced by repeated injection of small volumes of mafic magma 
into the crust. These small-volume bodies cause localized partial 
melting of the crust. In this manner, silicic magmas are generated 
in a series of small, nonconnected reservoirs. Evolved lavas erupted 
within a given volcanic system over a short time period may, 
therefore, be related only by their common anatectic origin, and 
their compositional and isotopic characteristics reflect preexisting 
crustal variability. 0 

AGI offers book on field safety 
The American Geological Institute (AGI) has published a new 

book on safety for field geologists, campers, hikers-anybody who 
needs familiarity with the hazards of the outdoors and information 
about how to be prepared for and face these hazards. 

Planning for Field Safety, AGI publication item no. 308, ISBN 
0-913312-93-2, 197 p., soft cover, $14.95 plus $4.00 shipping 
and handling charges. Volume discounts are available for 10 or 
more copies. Orders may be mailed to AGI Publications Center, 
P.O. Box 205, Annapolis Junction, Maryland 20701, or phoned 
to (30 I) 953-1744. 
The book will also be sold at the Nature of Oregon Informa­
tion Center of the Oregon Department of Geology and Min­
erai Industries in Portland. See the ordering information on 
the back cover of this issue. 

Planning for Field Safety describes hazards and pitfalls one may 
encounter in the field, suggests ways to avoid them, and tells what 
to do if they o<;cur. It does so in well-organized, mostly brief sections 
and subsections (including some checklists), so that it is easy to find 
items even without the help of the very useful index at the end. 

The introduction's announcement to deal with "the more 
common" hazards is somewhat of an understatement. The ten 
chapters cover a considerable range: from planning before the 
trip (e.g., weather, equipment, medicine, food, regulations for 
employees) to field risks (e.g., marijuana growers, contaminated 
food, pack animals, oceanic research vessels, thunderstorms, 
bears, spiders, poisonous plants), to particular regions (e.g., 
urban environment, high altitudes, tundra, tropics, caves, foreign 
countries) to emergency and evacuation procedures, instructions 
to group leaders, and how to ship rock samples. An appendix 
listing sources of information includes both printed materials and 
addresses of important agencies and organizations. 

Even the brief description in the preface of how this book came 
into existence is impressive. 0 
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New publications from DOGAMI 
describe geology of part of 
Jackson County and 
northwestern Oregon to 
margin of continent 

The Oregon Department of Geology and Mineral Industries 
(DOGAMI) has released two new publications: a quadrangle map 
for a part of Jackson County and a cross section for a strip of land 
extending west from Columbia County to the continental margin 
offshore. 

Geology and Mineral Resources Map of the Boswell Moun­
tain Quadrangle, Jackson County, Oregon, by Thomas J. 
Wiley and Frank R. Hladky. DOG AMI Geological Map Series 
GMS-70, one full-color geologic map, scale I :24,000, one sepa­
rate sheet with geochemical data. Price $7. 

The Boswell Mountain quadrangle is located north of Med­
ford and covers a region with a history of significant mining 
activity. It contains areas with some of Oregon's oldest rocks 
(more than 145 million years) as well as the western edge of the 
Western Cascade Range. 

The geologic map is accompanied by a geologic cross 
section and brief discussions of geologic history and mineral 
and water resources. A separate sheet contains four tables 
listing geochemical data. 

This map is the first of a series of maps planned to provide 
hazard and mineral-resource data as well as bedrock geology to 
aid regional planning in the Medford-Ashland area, which is 
experiencing rapid population growth. Two more quadrangle 
maps, Cleveland Ridge and Shady Cove, are nearing completion 
and are available for inspection at the DOGAMI field office in 
Grants Pass (5375 Monument Drive, phone (503) 476-2496). 

Onshore-Offshore Geologic Cross Section, Northern Oregon 
Coast Range to Continental Slope, by·A.R. Niem, N.S. Mac­
Leod,P.D. Snavely, Jr., D. Huggins, J.D. Fortier, H.J. Meyer, A. 
Seeling, and WA. Niem. DOGAMI Special Paper 26, 10 pages, 
one plate, geology at scale I: 100,000. Price $11. 

The geologic cross section is constructed along a line that 
begins in Columbia County, crosses the Coast Range, and extends 
offshore across the continental shelf and slope, for a distance of 
about 80 miles from the coast. It presents an important perspec­
ti ve on structure and other aspects of regional geology. 

Along with the cross section, the 5- by 3lj2-foot sheet includes 
gravity and magnetic profiles and a geologic strip map for the 
onshore portion as well as both onshore and offshore seismic 
reflection profiles. The accompanying 10-page text discusses 
stratigraphy and structure of the area the section line crosses. 

The new DOG AMI publications are now available at the Nature 
of Oregon Information Center, Suite 177, State Office Building, 
800 NE Oregon Street #5, Portland, Oregon 97232-2109, phone 
(503) 731-4444. Orders may be charged to credit cards by mail, 
FAX, or phone. FAX number is (503) 731-4066. Orders under $50 
require prepayment except for credit-card orders. Purchase by mail 
and over the counter is also possible at the DOGAMI field offices: 
1831 First Street, Baker City, OR 97814, phone (503) 523-3133; 
and 5375 Monument Drive, Grants Pass, OR 97526, phone (503) 
476-2496.0 
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MINERAL EXPLORATION ACTIVITY 

MAJOR MINERAL EXPLORATION ACTIVITY 

County, 
date 

Baker 
1990 

Baker 
1991 

Baker 
1991 

Baker 
1991 

Baker 
1991 

Baker 
1991 

Baker 
1992 

Baker 
1992 

C~ 
1991 

C~k 

1988 

CO"" 
1992 

Granl 
1991 

Grant 
1992' 

Harney 
1990 

Hamey 
1991 

Hamey 
1992 

Jackson 
1991 

Josephine 
1992 
L,", 
1988 

L"', 
1990 

L"" 
1991 

Projed name, 
cOI1lpany 

Cracker Creek Mine 
Bourne Mining Corp. 

Aurora Ridge 
Western Cons, Mines 

Cave Creek: 
Nerco Exploration 

Gold Hill 
Golconda Resources 

Gold Powder 
KenllCi:ou Expl. Co. 

Gold Ridge Mine 
Golconda Resources 

Pole Creek 
Placer Dome U.S. 

Project 
location 

T. 8 S. 
R. 37 E. 

T. to S. 
Rs. 35.5, 36 

Tps.11,125. 
R. 42 E. 

T. 12 S, 
R. 43 E. 

Tps. 9, 10 S. 
Rs. 41. 42 E. 

T. 12 S. 
R. 43 E. 

T. 13 S. 
R. 36 E. 

Bigelow prospect T. 7 S. 
Yellow Eagle Mining R. 45 E. 

Seven Devils 
Oreg. Resources Corp. 

Bear Cred: 
Independence Mining 

Mindoro Project 
Mindoro Corporation 

Buffalo Mine 
American Ame~ 

Quartzburg 
Placer Dome U.S .• 
Inc. 

Pine Creek 
Battle Min. fuploram. 

Flagstaff Buue 
Noranda Exploration 

Celatom Mine 
Eagle-Picher Miner-.lls 

AI Sarcna Projeci 
Fischer-Wau Gold Co. 

Tps. 2. 7 S. 
R.4 W. 

Tps. 18, 19 S. 
R. 18 E 

T. 36 S. 
R. 12'1.! W. 

T. 8 S. 
R. 35'1.! E. 

T. 12 S. 
R. 33 E 

T. 20 S. 
R. 34 E. 

Tps. 3. 9 S. 
R. 37 E. 

Tps. 19. 20 S. 
Rs. 35-37 E. 

T. 31 S. 
R. 2 E. 

Eight Dollar Mountain T. 38 S. 
Doug Smith R. 8 w. 
Quanl Mountain 
Wavecrest Resources. 

Glass Buue 
Galactic Services 

8th Drilling Series 
Waveerest Resourccs 

T. 37 S. 
R. 16 E 

Tps. 23, 24 S. 
R. 23 E 

T. 37 S. 
R. 17 E 

Linn Hogg Rock T. 13 S. 
1991 Oreg. S1. Highw. Div. R. 7'1.! E. 

Linn Quanzvi11e T. II S. 
1991 Placer Dome U.S. R. 4 E 

Malhcur Grassy Mountain T. 22 S. 
1988 Atlas Pre<:ious Metals R. 44 E. 

Malheur Harper Basin Project T. 21 S. 
1988 Amer. Copper and R. 42 E. 

Malheur 
1988 

Malheur 
1988 

94 

Nickel 

Jessie Page 
M.K. (WId Co. 

Kerby 
Malheur Mining 

T. 25 S. 
R. 43 E. 
T. 15 S. 
R. 45 E. 

Metal Status 

Gold 

Prec ious 
metals 

Gold 

Gold 

fupl 

fupl 

App 

App 

Gold Expl 

Gold Expl 

Gold. Expl 
silver 

Gold Expl 

Chromite. Expl 
zircon com 

Gold Expl 

Precious Expl 
metal s 

(WId App 

Precious Expl 
metals 

Gold Expl 

Gold App 

Diatoms App 

Gold App 

Gold Expl 

Gold Expl 

Gold Expl 

Gold fupl 

Rock App 

Gold. App 
silver 

Gold fupl. 
oom 

Gold Expl 

Gold 

Gold 

Expl 

Expl, 
oom 

MAJOR MINERAL EXPLORATION ACTIVITY (cont inue d ) 

CounlY. 
date 

Maltltur 
1989 

MaliJeur 
1990 

Malheur 
1990 

Malheur 
1990 

Malheur 
1990 

Malheur 

I"" 
Malheur 

1990 

Ma!lleur 
1990 

Malheur 
1990 

Malheur 
1990 

Malheur 
1990 

Malheur 
1990 

Malheur 
1991 

Malhcur 
1991 

Malheur 
1991 

Malheur 
1991 

Malhcur 
1991 

Malhcur 
1991 

Malheur 
1991 

Malheur 
1991 

Malhcur 
1992* 

Marion 
1990 

Projecl name. 
company 

Hope Buue 
Chevron Resources 

Ali/AU;. 
Alias Precious Metals 

Cow Valley Buue 
Cambiex USA. Inc. 

Freezeout 
Western Mining Corp. 

(Wldfinger Site 
Noranda Exploration 

Grassy Mm. Regional 
Alias Precious Metals 

Katey Claims 
Atlas Precious Met­
als. Inc. 

Mahogany Projoct 
Cyprus Minerals 

Racey Project 
lean Minerals, Ltd. 

Sand Hollow 
Noranda Ex ploration 

Stockade Mountain 
BHP-Utah Intemat!. 

Stockade Projoct 
Phelps Dodge Mining 

Bannock 
Atlas Predous Metals 

Big Red 
Ron Johnson 

Birch Creek 
Ronald Willden 

Harper Basin 
Atlas Prec ious Metals 

Quan z Min. Basin 
BHP-Utah Int i., Inc. 

Rhi nehardt Site 
Atlas Predous Metals 

Sagebrush Gulch 
Kenne(;oll Exploration 

White Mountain D.E. 
White Mtn. Mining 

Shell Rock Buue 
Ronald Willden 

Bornite Project 
Plexus Resources 

Projecl 
locallon 

T. 17 S. 
R. 43 E. 

T. 17 S. 
R. 45 E. 

T. 14 S. 
R. 40 E. 

T. 23 S. 
R. 42 E. 

T. 25 S. 
R. 45 E. 

T. 22 S. 
R. 44 E. 

Tps. 24, 25 S. 
Rs. 44. 46 E. 

T. 26 S. 
R. 46 E. 

T. 13 S. 
R. 41 E. 

T. 24 S. 
R. 43 E. 

T. 26 S. 
Rs. 38, 39 E. 

Tps. 25. 26 S. 
R. 38 E. 

T. 25 S. 
R. 45 E. 

T. 20 S. 
R. 44 E. 

T. 15 S. 
R. 44 E. 

T. 2 1 S. 
R. 42 E. 

T. 24 S. 
R. 43 E. 

Tps. 18, 19 S. 
R. 45 E. 

Tps. 21. 22 S. 
R. 44 E. 

T. 18 S. 
R. 41 E. 

T. 21 S. 
R. 44 E. 

T. 8 S, 
R. 3 E. 

Meta l Status 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Gold 

Diatoms 

(WId, 
Silver 

Copper 

Expl. 
oom 

fupl 

fupl 

fupl 

fupl 

v,, 

Expl 

App 

fupl 

Yo, 

Expl 

App 

Expl 

App 

API' 

API' 

Yo, 

API' 

API' 

App 

App 
oom 

Explanations: App=application being processed. Expl=Exploration permit 
issued. Veg=Vegetation permit. Com=lnterageney coordinating commillee 
fonned. baseline dala collection starled. Date=Date application was re­
ceived or permit is.~ued. ·=New site 

Major mineral exploration activity 

No majo r changes in mineral activ ity have taken p lace since 
the May issue of Oregon Geology. 

MLR office adds FAX 

T he Mined Land Reclamatio n office can now be reached by 
FAX, no. (503) 967-2075. Address a nd phone num ber remain u n­
c ha nged . (See lis ting on page 74 of thi s issue.) 0 
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AVAILABLE PUBLICATIONS 
OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

GEOLOGICAL MAP SERIES Price ..J 

GMS·4 Oregon gravity maps, onshore and offshore. 1967 4.00 
GMS·5 Powers 15-minutequadrangle, Coos and Curry Counties. 1971 4.00 
GMS·6 Part of Snake River canyon. 1974 8.00 
GMS·8 Complete Bouguer gravity anomaly map, central Cascade Mountain 

Range. 1978 4.00 
GMS·9 Total-field aeromagnetic anomaly map, central Cascade Mountain 

Range. 1978 4.00 
GMS·10 Low- to intermediate-temperature thermal springs and wells in Ore-

gon. 1978 4.00 
GMS·12 Oregon part of the Mineral15-minute quadrangle, Baker County. 

1978 4.00 
GMS·13 Huntington and parts ofOids Ferry 15-minute quadrangles, Baker 

and Malheur Counties. 1979 4.00 
GMS·14 Index to published geologic mapping in Oregon, 1898-1979. 

1981 8.00 
GMS·15 Free-air gravity anomaly map and complete Bouguer gravity anom-

aly map, north Cascades, Oregon. 1981 4.00 
GMS·16 Free-air gravity and complete Bouguer gravity anomaly maps, south-

ern Cascades, Oregon. 1981 4.00 
GMS·17 Total-field aeromagnetic anomaly map, southern Cascades, Oregon. 

1981 4.00 
GMS·18 Rickreall, Salem West, Monmouth, and Sidney 7 Y2-minute 

quadrangles, Marion and Polk Counties. 1981 6.00 
GMS·19 Bourne 7Y2-minute quadrangle, Baker County. 1982 6.00 
GMS·20 SY2 Burns 15-minute quadrangle, Harney County. 1982 6.00 
GMS·21 Vale East 7 Y2-minute quadrangle, Malheur County. 1982 6.00 
GMS·22 Mount Ireland 7 Y2-minute quadrangle, Baker and Grant Counties. 

1982 6.00 
GMS·23 Sheridan 7Y2-minute quadrangle, Polk and Yamhill Counties. 1982_ 6.00 __ 
GMS·24 Grand Ronde 7 Y2-minute quadrangle, Polk and Yamhill Counties. 

1982 6.00 
GMS·25 Granite 7Y2-minute quadrangle, Grant County. 1982 6.00 
GMS·26 Residual gravity, northern, central, and southern Oregon Cascades. 

1982 6.00 
GMS·27 Geologic and neotectonic evaluation of north-central Oregon. The 

Dalles lOx 20 quadrangle. 1982 7.00 
GMS·28 Greenhorn 7Y2-minute quadrangle, Baker and Grant Counties. 1983 _ 6.00 __ 
GMS·29 NEY, Bates 15-minute quadrangle, Baker and Grant Counties. 1983 _ 6.00 __ 
GMS·30 SEY, Pearsoll Peak 15-minute quadrangle, Curry and Josephine 

Counties. 1984 7.00 
GMS·31 NWV. Bates 15-minute quadrangle, Grant County. 1984 6.00 
GMS·32 Wilhoit 7Y2-minute quadrangle, Clackamas and Marion Counties. 

1984 5.00 
GMS·33 Scotts Mills 7'h-minute quadrangle, Clackamas and Marion Coun-

ties. 1984 5.00 
GMS·34 Stayton NE 7 Y2-minute quadrangle, Marion County. 1984 5.00 
GMS·35 SWV, Bates 15-minute quadrangle, Grant County. 1984 6.00 
GMS·36 Mineral resources of Oregon. 1984 9.00 
GMS·37 Mineral resources, offshore Oregon. 1985 7.00 
GMS·38 NWV. Cave Junction 15-minute quadrangle, Josephine County. 

1986 7.00 
GMS·39 Bibliography and index, ocean floor and continental margin off 

Oregon. 1986 __________________ 6.00 
GMS·40 Total-field aeromagnetic anomaly maps, Cascade Mountain Range, 

northern Oregon. 1985 5.00 
GMS·41 Elkhorn Peak 7Y2-minute quadrangle, Baker County. 1987 ___ 7.00 __ 
GMS·42 Ocean floor off Oregon and adjacent continental margin. 1986 __ 9.00 __ 
GMS·43 Eagle Butte and Gateway 7Y2-minute quadrangles, Jefferson and 

Wasco Counties. 1987 ________________ 5.00 
as set with GMS-44 and GMS-45 11.00 

GMS·44 Seekseequa Junction and Metolius Bench 7'h-minute quadrangles, 
Jefferson County. 1987 5.00 
as set with GMS-43 and GMS-45 11.00 

GMS·45 Madras West and Madras East 7Y2-minute quadrangles, Jefferson 
County. 1987 5.00 
as set with GMS-43 and GMS-44 11.00 

GMS·46 Breitenbush River area, Linn and Marion Counties. 1987 7.00 
GMS·47 Crescent Mountain area, Linn County. 1987 7.00 
GMS·48 McKenzie Bridge 15-minute quadrangle, Lane County. 1988 ___ 9.00 __ 
GMS·49 Map of Oregon seismicity, 1841-1986. 1987 4.00 
GMS·50 Drake Crossing 7Y2-minute quadrangle, Marion County. 1986 ___ 5.00 __ 
GMS·51 Elk Prairie 7 Y2-minute quadrangle', Marion and Clackamas Counties. 

1986 5.00 
GMS·53 Owyhee Ridge 7'h-minute quadrangle, Malheur County. 1988 __ 5.00 __ 
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Price ..J 

GMS·54 Graveyard Point 7Y2-minute quadrangle, Malheur and Owyhee 
Counties. 1988,--________________ 5.00 __ 

GMS·55 Owyhee Dam 7 'h-minute quadrangle, Malheur County. 1989 ___ 5.00 __ 
GMS·56 Adrian 7 Y2-minute quadrangle, Malheur County. 1989 5.00 
GMS·57 Grassy Mountain 7 Y2-minute quadrangle, Malheur County. 1989 __ 5.00 __ 
GMS·58 Double Mountain 7Y2-minute quadrangle, Malheur County. 1989 _ 5.00 __ 
GMS·59 Lake Oswego 7Y2-minute quadrangle, Clackamas, Multnomah, and 

Washington Counties. 1989 7.00 __ 
GMS·61 Mitchell Butte 7Y2-minute quadrangle, Malheur County. 1990 ___ 5.00 __ 
GMS·63 Vines Hill 7Y2-minute quadrangle, Malheur County. 1991 5.00 
GMS·64 Sheaville 7Y2-minute quadrangle, Malheur County. 1990 5.00 __ 
GMS·65 Mahogany Gap 7 Y2-minute quadrangle, Malheur County. 1990 __ 5.00 __ 
GMS·67 South Mountain 7 'h-minute quadrangle, Malheur County. 1990 __ 6.00 __ 
GMS·68 Reston 7Y2-minute quadrangle, Douglas County. 1990 6.00 
GMS·70 Boswell Mountain 7Y2-minute quadrangle, Jackson County. 1992 _ 7.00 __ 
GMS·75 Portland 7'h-minute quadrangle, Multnomah, Washington, and Clark 

Counties. 1991 7.00 __ 

BULLETINS 
33 Bibliography of geology and mineral resources of Oregon 

(1st supplement, 1936-45). 1947 _________ ,--___ 4.00 
35 Geology of the Dallas and Valsetz 15-minute quadrangles, Polk County 

(map only). Revised 1964 _______________ 4.00 __ 
36 Papers on Foraminifera from the Tertiary (v. 2 [parts VII-VIII] only). 1949 4.00 __ 
44 Bibliography of geology and mineral resources of Oregon 

(2nd supplement, 1946-50). 1953 ____________ 4.00 __ 
46 Ferruginous bauxite, Salem Hills, Marion County. 1956 4.00 __ 
53 Bibliography of geology and mineral resources of Oregon 

(3rd supplement, 1951-55). 1962 _____________ 4.00 __ 
61 Gold and silver in Oregon. 1968 (reprint) 20.00 __ 
65 Proceedings of the Andesite Conference. 1969 11.00 
67 Bibliography of geology and mineral resources of Oregon 

(4th supplement, 1956-60). 1970_-.,-_-.,-_________ 4.00 __ 
71 Geology of lava tubes, Bend area, Deschutes County. 1971 6.00 __ 
78 Bibliography of geology and mineral resources of Oregon 

(5th supplement, 1961-70). 1973 ___ --:-_________ 4.00 __ 
81 Environmental geology of Lincoln County. 1973 10.00 __ 
82 Geologic hazards of Bull Run Watershed, Multnomah and Clackamas 

Counties. 1974---, ________ ---,---,_---, ______ 8.00 __ 
87 Environmental geology, western Coos/Douglas Counties. 1975 10.00 
88 Geology and mineral resources, upper Chetco River drainage, Curry and 

Josephine Counties. 1975 _---, __ ---,_..,-_________ 5.00 
89 Geology and mineral resources of Deschutes County. 1976 8.00 __ 
90 Land use geology of western Curry County. 1976 10.00 __ 
91 Geologic hazards of parts of northern Hood River, Wasco, and Sherman 

Counties. 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 (IGCP project). 1977 8.00 __ 
96 Magma genesis. AGU Chapman Conf. on Partial Melting. 1977 ___ 15.00 __ 
97 Bibliography of geology and mineral resoures of Oregon 

(6th supplement, 1971-75). 1978 _____________ 4.00 
98 Geologic hazards, eastern Benton County. 1979 10.00 __ 
99 Geologic hazards of northwestern Clackamas County. 1979 11.00 __ 
100 Geology and mineral resources of Josephine County. 1979 10.00 __ 
101 Geologic field trips in western Oregon and southwestern Washington. 

1980 ____________________ 10.00 __ 
102 Bibliography of geology and mineral resources of Oregon 

(7th supplement, 1976-79). 1981 _____________ 5.00 __ 
103 Bibliography of geology and mineral resources of Oregon 

(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). 1%8 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 __ 

SHORT PAPERS 
25 Petrography of Rattlesnake Formation at type area. 1976 ______ 4.00 
27 Rock material resources of Benton County. 1978 5.00 

95 



OREGON GEOLOGY 
Suite 965, 800 NE Oregon Street II 28, Portland, OR 97232 

Second Class Maner 

POSTMASTER: Form 3579 requested 

AVAILABLE DEPARTMENT PUBLICATIONS (continued) 

SPECIAL PAPERS Pr ice oJ 

2 Field geology, SW Broken Topquadnmgle. 1978 ~ __ ~~ __ 5.00 __ 
3 Rock material resources, Clackamas, Columbia. Mulmomah. and 

WasltinglOnCoon(ies.1978 8.00 __ 
4HeatflowofOn:gon. I978 4.00 __ 
5 Analysis and forecasls of demand for rock materials. 1979 4.00 __ 
6 Gcology of the La Grande area. 1980 6.00 __ 
7 Pluvial Fort Rock Lake. Lake COUnty. 1979 5.00 __ 
8 Geology and geoc:hemislry of tile Mount Hood volcano. 1980 ___ '00 __ 
') Geology of the Breitcnbush HOI Springs quadrangle. 1980 5.00 __ 
IOTeClOnic rotation oflile Oregon Western Cascades. 1980 4.00 __ 
11 Theses and dissenations on ge<:>logy ofOrellOO. Bibliography and 

index,I8'J9.1982. 1982 7.00 __ 
12 Grologic lincars. N part of Cascade Ran~. Oregon. 1980 4.00 __ 
13 Faults and lineaments ofsoulhem Cascades, 0"'800. 1981 5_00 __ 
14 Geology and geo!hermal resources, Mount HO<XI area. 1982 ___ 8.00 __ 
15 Geology and gro!hermal n:sources. central Cascades. 1983 ___ 13.00 _ _ 
16 Index to the Ort Bi1l (1939-1978) and Ortgo1l Geology (1979-(982). 

"" 17 Bibliography of Oregon paleonlOlogy. 1792-1983. 1984 
18 Investigations of talc in Oregon. 1988 
19 Limestone deposits in Oregon. 1989 

5.00_ 
700_ 
800_ 
9.00_ 

20 Bentonite in Oregon: Occurrences. analyses, and economic potential. 

1989~===.,-,,==,---~-,.,-~-,-------,_;:-_ 7.00_ 
21 Field geology of the NWV. Broken Top ]5-minute quadrangle, 

Deschutes Coumy. ]98"';;::;:::;::;;:;::=;::;;:;::;;;;;:;::;::;;:::600 __ 22 SilicainOrc:gon.I990 ~ 8.00 __ 
23 Forum on lhe ~o]ogy oflndusUiaJ Minerals. 25th. 1989. Proceed· 

ings.I990~~= ___ ~~~~~_~=_~ IO.OO_ 
24 Ind.x to the first 2S Forums on !he Geology of Industrial Minerals. 

1965·1989. 1990_~ ___ ~_~~_~"CC,-,-_ 7.00_ 
26 Onshore-offshon: geologic cross section. northem Coast Range to con· 

linentalslope. 1992 11.00 __ 

OIL AND GAS INVESTIGATIONS 
3 Preliminary id.ntiflCations of Foraminifera. General Petroleum Long 

Bdlill wdL 1973 400 
4 Prdiminary identifications ofForaminifcra. E. M. Warren Coos 

Countyl·7welLl973 400 

Price oJ 

5 ProspeclS for natural gas. upper Nehalem River Basin. 1976 ___ 6.00 __ 
6 ProspeclS for oil and gas. Coos Basin. 1980 10.00 __ 
7 Correlation of Cenozoic stratigraphic UnilS of western On:gon and 

Washington. ]983 9.00 __ 
8 Subsurface stratigraphy of !he Ochoco Basin. On:gon. 1984 _ __ 800 __ 
9 Subsurface biostratigraphy of the east Nehalem Basin. 1983 _, _ __ 700 __ 
10 Mist Gas Field: Exploration/development. 1979-1984. 1985 ___ 5.00 __ 
II Biostratigraphy of uploratory well s, westem Coos. Douglas. and 

Lane Counties. 1984 7.00 _ _ 
12 Biostratigraphy. exploratory wells, N Willa"",ne Basin. 1984 ___ 7.00 __ 
13 Biostratigraphy. exploratory wellS, S Willamette Basin. 1985 ___ 7.00 __ 
14 Oil and gas investigation of !he Astoria Basin, Clatsop and northef11,-

most TInamook Counties. 1985 8.00 __ 
IS Hydrocarbon exploration and occurrences in Oregon. 1989 _ _ _ 800 __ 
16 Available well records and samples. onshore/offshore. 1987 ___ 6 00 __ 
17 Onsh",..,-offshore cross section. from Mist Gas Fidd to continental 

shelf and slope. 1990 10.00 __ 

MISCELLANEOUS PUBLICATIONS 
Geoiogical high way map, Pacific Nonh .. "st region. On:gon. Washington. 

and pan of Idaho (published by AAPG). 1973 6.00 __ 
Oregon Landsat mosaic map (published by ERSAL. OSU). 1983 __ ] 1.00 _ _ 
Gro!hermal resources of Oregon (published by NOAA). 1982 4.00 __ 
Index map of available topographic maps for Oregon published by the 

U.S. Geol08ical Survey Fn:e __ 
Bend 30-minute quadrangle geologic map and cenlr31 Oregon High Cas-

cades rcwnnaissance geologic map. 1957 4.00 __ 
Lebanon IS·minute quad .. Reconnaissance geologie map. 1956 ___ '.00 __ 
Mist Gas Field Map. showing well locations, n:vised 1992 (Open.File Re-

port 0·92- 1. ozalid print, incl. production data) 8.00 __ 
Northwest Oregon. Correlation Section 24. Bruer and others. 1984 (pu~ 

lisltoo by AAPG) 6.00 __ 
Oregon rocks and minerals, a description. 1988 (DOGAMI Open- File 

Rcp'," 0-88-6: rev. ed. of Misccllaneoos Paper I) 6.00 __ 
Mining claims (State laws 80veming quartz and placer claims) ___ ,., __ 
Back issues of 0,.. Bin/O,..gon Geology. 1939·April 1988 1.00 __ 
Back issues of O,..go" GMlog),. MaylJu ne 1988 and later 200 
Color postcard: On:gon State Rock and State Gemstone 1.00 __ 

Srparate pm lisls ror Op<:'n-file rtpO rlS, toor guides. rtCnatlonal gold mining information, and 'Mln·()epartrMntal maps and "'ports .. ill be mai1n1 upon request The 
()epartment also sells Oregon topographic maps publishfl) by tltt US. Geological Survey. 
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ORDER AND RENEWAL FORM 
Check desired publi cations in list above and cnter tOial amount below. Sefid order to T he Natu re of Oregon Inrormation Center, Suite 177, 800 NE 
Oregon Street, Portland, OR 97232. or to FAX (503) 731-4066; iryou wish to order by phone. have your credit card ready and call (503) 73 1-4444. 
Payment must IK."Company ordcrs of less than $50. Payment in U.s. dQllars only. Publications are sent postpaid. All sales are final. Subscription price ror 
Oregon Geology: $8 for I year. $ 19 for 3 years. 
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Publ ications markcd abovc_. Renewal of current subscriplion_ f new subscription_ to Oregon Geology. 

Namc ______________________________________________________ _ 
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