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OREGON'S MINERAL AND METALLURGICAL INDUSTRY IN 1977 

Jerry J. Gray, Economic Geologist 
Oregon Department of Geology and r~inera1 Industries 

Oregon's mlnlng during 1977 was mainly for the pro­
duction of construction materials and one metal, 
nickel. Sand and gravel and stone accounted for 
65 percent of total production; in 1976, they had 
accounted for 68 percent. Preliminary figures for 
mineral production for 1977 show an increase of 
4 percent to $116.6 million. 

Table 1 summarizes the State's production for 1976 
and 1977. Commodities are arranged in descending order 
by value, except for the group of 11 commodities com­
bined to protect individual companies' confidential 
data. 

Industrial Minerals 

For Oregon's two major mineral commodities, sand and gravel 
and stone, 1977 was the year of the sellout. Several large sand 
and gravel and stone producers have changed hands in Oregon dur­
ing the last year or so, apparently because of the phasing down 
of large highway and dam construction projects and also for en­
vironmental and regulatory reasons. The phase-down may be the 
reason Kaiser Industries sold its Pacific Building Material's 
Portland plant (Figure 1, Point 1) to Wi11amette Hi-Grade and 
sold the Santosh pit and plant (Point 2) near Scappoose to Cas­
cade Aggregates. Ross Island Sand and Gravel's conflict with 
the Army Corps of Engineers over dredging permits for its Port­
land operation (Point 1) may be the reason the firm was sold to 
a private individual. The equipment at both the Rivergate Rock 
Products quarry at Portland (Point 1) and at Columbia West Con­
struction's quarry at Rainier (Point 3) was sold at auction. The 
Rainier pit is in conflict with the Mine Enforcement and Safety 
Administration over the height of the quarry walls. 

The Oregon Department of Geology and Mineral Industries con­
tinued its program of sand and gravel and stone inventory studies, 
including an on-the-ground survey of each pit and quarry, mined 
land reclamation advice, and economic analysis and forecasting. 
These studies are needed to provide a data base for many of the 
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Figure 1. OPegon 1977 industrial mineral highlights. 1. Sand and 
gravel 3 stone 3 and lime. 2. Sand and gravel. 3. Stone. 
4. Cement. 5. Agricultural lime. 6. Diatomite. 7. Shale. 
83 9. Gemstones. 

The construction slowdown may have caused the closing of Ore­
gon's only bloating shale operation (Point 7). Since 1945, Empire 
Building Materials had produced a lightweight concrete aggregate, 
using a kiln to fuse crushed shale from western Washington County 
into small pellets. Fines produced during processing were sold 
as pozzolan. During 1976, however, the plant and pit were sold 
to GATX Leasing; and in November 1977, the plant and mining equip­
ment were sold at auction. 

The output of picture-rock jasper from Malheur County (Point 
8, McDermitt area; Point 9, Lake Owyhee area) continues to remain 
high. Part of the output is processed into finished gems by the 
mine owners. The rest is sold and shipped rough to other states. 
Several of the mines are large enough to require permits under the 
Mined Land Reclamation Law. 

Metals 

Oregon's dominant metal mining operation, the Hanna Mining 
Company nickel mine at Riddle (Figure 2, Point 1), Douglas County, 
operated at about the same rate as that of 1976. The Riddle op­
eration produces the only primary nickel in the United States. 

3 



" WA SC O 

... , .... . , 

.• . . LA M E : 
: C R OO K 

DESOIJ'TES 

'. 

:. DOU6L A S HAR MEY 

13 

Figwoe 2. Oregon 1977 metallic mineral8 and exploration highlight8. 
1, 9, 10. Nickel . 2, 4~ 12, 13. Gold and 8ilver. 3, 5, 6, 
7. Copper~ lead~ and zinc . 

Sma ll tonnages of gold ore from the Bald Mountain mi ne 
(Point 2), Baker County, were shipped to a smelter in Tacoma, 
Washington, by Tony Brandenthaler. Shiny Rock Corporation 
placed a 25-ton-per-day pilot lead-zinc floatation mill into 
operation (Point 3). Ore for the mill , located in North Santiam 
mining district, Marion County, comes from the nearby retimbered 
Ruth mine. Mil' concentrates were stockpi led until an industry­
wide smelter strike ended. Dixie Meadows Gold Mines , ltd., con­
ducted a succes sful gold-ore heap-leach cyanidation test at 
Di xie Meadows mine (Point 4). Grant County. Application was made 
to the Department for a surface-mining permit in preparation for 
full- scale mining operati on. Placer-gold production was hindered 
because of low stream flows. Product ion losses cannot be deter­
mined because most placer-gold output is unreported. 

Ex ploration Progra ms 

In northwestern Oregon, exploration for copper , lead, and 
zinc massive sulfide and copper-mo lybdenum porphyry deposits was 
conducted within both the North Santi am (Point 3) and Quartzvil l e 
(Point 5) mining districts, linn County, and Bohemia (Point 6) 
mining district, Lane County. 
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The areas in southwest Oregon that have received the most 
attention from mining companies during the past year include the 
Silver Peak-Almeda mine zone (Big Yank lode) (Point 7), Douglas 
and Josephine Counties. Five or six mining companies have con­
ducted geochemical sampling, geophysical surveying, claim staking, 
geologic mapping, and some drilling along this zone. Three of 
the companies entered and completed a joint venture to drill 
3,000 ft of core hole. This is the third year of extensive ex­
ploration activity on this zone, which contains volcanogenic sul­
fide mineralization with some massive barite gangue. 

The old underground workings of the Queen of Bronze copper­
gold mine (Point 8), Josephine County, were reopened and mapped 
geologically by Canadian Superior. The mine, which was worked from 
1903 to 1930, was still in fair condition when reopened. 

Nickel laterite exploration activities were mainly those of 
the Inspiration Development Company at the Eight Dollar Mountain 
deposit (Point 9), Josephine County. Their work involved seismic 
surveying, mapping, back-hoe sampling, and trommel processing of 
large bulk samples to test preliminary up-grading techniques. The 
U.S. Bureau of Mines did some reconnaissance sampling and some 
bulk sampling of this and other southwestern Oregon laterites, 
preliminary to setting up a pilot plant at the Metallurgical 
Research Center, Albany (Point 10), to study methods of nickel 
recovery. 

In northeastern Oregon, W.A. Bowes and Associates continue 
to explore and develop the New York and Cougar-Independence gold 
mines (Point 2), Grant County. Johns-Manville at Meadow lake 
(Point 2), Baker County, is continuing to explore for a copper­
molybdenum porphyry. Texas Gulf continued working at the old 
Iron Dyke copper-gold mine (Point 11), Baker County; and Ibex 
Minerals, Inc., explored the Bay Horse silver mine (Point 12), 
Baker County. 

The State of Oregon Department of Geology and Mineral Indus­
tries continued to evaluate the nickel resources of Oregon, under 
a grant from the U.S. Bureau of Mines. Reconnaissance mapping 
and sampling of a few occurrences of nickel in northeastern Ore­
gon disclosed that most prospects were zones of silica-carbonate 
replacement of serpentinite, with no enrichment of the serpen­
tinite's original nickel content. All of these occurrences ap­
pear to be too low-grade to be of interest. A report on all of 
Oregon's nickel deposits, presently being prepared by the Depart­
ment of Geology and Mineral Industries, will be published in 1978 
as a bulletin. 

In southeastern Oregon, the opening of a gold-silver mine in 
Delamar, Idaho, affected the small town of Jordan Valley (Point 13), 
Malheur County, 2 mi from the Idaho line. Jordan Valley orig­
inally had a population of about 200; it now has 600. Idaho is 
getting the tax dollars from the mine, and Oregon is getting the 
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school children. The life style and values of the original 200 
residents will be modified by that of the newcomers, and the 
original population, needless to say, is divided as to whether 
the mine is a good thing. 

In the Lakeview area (Point 14). Lake County. several com­
panies have been active in looking for uranium. lucky Mc Uranium 
explored on claims from Utah International. Polaris Resources, 
a consulting firm from Golden, Colorado, is doing an evaluation 
for Urania, Inc. Western Nuclear continues to hold the White 
King and Lucky Lass and has been somewhat actively exploring with 
some drilling. Exxon had staked a large group of claims in 1976 
but has now relinquished most of them. 

* * * * * 

MINED LAND RECLAMATION, 1977 

Standley L. Ausmus. Administrator 
Mined land Reclamation 

Oregon Department of Geology and Mineral Industries 

During 1977, the reclamation of Oregon's surface mined lands con­
tinued at the rate of approximately 4.2 new projects per month. 
A total of 50 new reclamation projects were approved during 1976. 
Seven previously approved projects were completed, and the recla­
mation work was approved by the Department as being in conformance 
with the reclamation plan. 

At the end of December 1977. active surface mining sites 
with limited exempt status (grandfather sites) totalled 322, a 
net increase of 16 during the past year. A total of 37 new 
"grandfather" sites were registered during 1977, however, and 21 
were either closed or converted to operating-permit status." 

The number of new "fee paying" sites averaged 7.28 sites per 
month, a net increase of 53 as of the end of December 1977. This 
slight decrease in the rate of expansion over that projected in 
January 1977 may "reflect decreased State highway construction 
and maintenance activities during the past year. 

During 1977, the Mined land Reclamation Division of the De­
partment of Geology and Mineral Industries has been cooperating 
with the Pacific Northwest Regional Commission in a land resource 
inventory project funded by the Federal government to determine 
the feasibility of using remote sensing data from satellites and 
high altitude photography for mineral-resource inventory and sur­
veillance. Although this project has not been completed. con­
siderable evidence indicates that, at least in certain areas of 
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the State, this new technology may prove to be a very valuable 
tool for mineral-resource survey. 

The 1977 Oregon State Legislative Session effected certain 
changes in the Mined Land Reclamation Statute, resulting in im­
provements in the Department's ability to fund the Mined Land 
Reclamation program. In addition, the Department now has greater 
flexibility in determining when and where field inspections are 
to be conducted. 

The current Mined Land Reclamation Division staff remains 
the same as in 1976, with two clerical positions (one funded by 
CETA), one administrative position, and one full-time field rep­
resentative. With this minimal staff, the ability of the Depart­
ment to respond to the needs of the program in the field is limited. 
To accomplish the extent of field coverage the program demands, the 
administrator must spend up to 50 percent of his time in field ac­
tivities. In spite of this limitation, the Mined Land Reclamation 
program is proving its effectiveness in accomplishing a State-wide 
reclamation ethic. 

The Mined Land Reclamation Division staff would like to take 
this opportunity to express its appreciation for the support and 
cooperation of the mining industry in the development of the Mined 
Land Reclamation program around the State. For the most part, in­
dustry leaders and individual operators are cooperating with the 
Department, and as a result, the impact of the surface mining re­
clamation ethic is becoming obvious around the State, even to the 
casual observer. 

In this regard, the Mined Land Reclamation Division extends 
to the mining industry and to all others concerned with the order­
ly development of the State's mineral resources, the conservation 
of our natural resources, and the preservation of our environ­
mental integrity an open invitation to continue and expand this 
spirit of cooperation during 1978. The Department will continue 
its assistance to the surface mining industry, State and local 
natural resource agencies, and the general public in dealing 
with the myriad and complex environmental problems associated 
with surface mining activity and site reclamation. This assist­
ance will be restricted only by the physical limits of our staff 
and program resources. 

Questions or comments concerning the Mined Land Reclamation 
program should be directed to: 

Department of Geology and Mineral Industries 
Mined Land Reclamation Division 
1129 S.E. Santiam Road 
Albany, Oregon 97321 
Telephone: (503) 967-2039 

(Note change of address and telephone.) 

* * * * * 
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GEOTHERMAL ENERGY IN 1977 

V.C. Newton. Jr.,* and Donald A. Hull** 

In 1977, government and university researchers conducted a variety 
of geological, geochemical, and geophysical studies directed to­
ward eva 1 uati on of Oregon' 5 geothenna 1 energy resources. Severa 1 
private companies continued detailed exploration of promising 
geothermal prospects ;n Oregon (Figure 1), with most activity 
consisting of drilling temperature gradient holes in the Cas-
cade Range and ;n southeastern Oregon. 

0( ...... · ........ ·;·,'"1 
• O .. p"".' 

fIGUI( 1. 
,TO" '" 

The amount of exploration drilling increased over that of 
1976. Ouring 1977. the Oregon Department of Geology and Mineral 
Industries issued 20 permits for deep test holes (Table 1) and 9 
blanket permits for shallow-hole programs (Table 2). Three pre­
lease exploration permits were also issued by the U.S. Bureau of 
Land Management during the year (Table 3). 

* Petroleum Engineer, Oregon Department of Geology and Mineral 
Industries 

** State Geologist, Oregon Department of Geology and Mineral In­
dustries 
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Table 1. 1977 State geothermal well permits (deep holes) 

Permit Area or Projected or drilled 
no. Compan,l': lease Location depth 

8 Weyerhaeuser Klamath Lake NW~ sec. 15 2,006 ft T.D.* 
Pacific Power T37S, R7E 
and Light Klamath Co. 

10 Northwest Old Maid Flat SW~ sec. 15 1,850 ft 
Natural Gas T2S, R8E (suspended) 

Clackamas Co. 

12 DOGAMI Black Mountain SE~ sec. 2l 815 ft T.D.* 
T4S, R28E 
Morrow Co. 

15 DOGAMI Cloud Cap SE~ sec. 10 1,500 ft 
T2S, R9E (not drilled) 
Hood River Co. 

16 DOGAMI Timberline SE~ sec. 6 1,500 ft 
T3S, R9E (suspended) 
Clackamas Co. 

17 USGS Newberry NE~ sec. 5 1,500 ft 
Crater T22S, R12E (not drilled) 

Deschutes Co. 

18 USGS Newberry SE~ sec. 15 1,260 ft T.D.* 
Crater T21S, Rl3E 

Deschutes Co. 

19 Sunoco Breitenbush NE~ sec. 14 1,500 ft T.D.* 
Energy T9S, R7E 

Marion Co. 

20 Sunoco Breitenbush SW~ sec. 29 1,500 ft 
Energy T9S, R7E 

Marion Co. 

21 Sunoco High Rock SW~ sec. 14 1,500 ft 
Energy T6S, R7E 

Clackamas Co. 

22 Sunoco High Rock NE~ sec. 29 1,500 ft 
Energy T6S, R7E 

Clackamas Co. 

23 Sunoco High Rock SW~ sec. 17 1,500 ft 
Energy T6S, R7E 

Clackamas Co. 

24 Sunoco Fish Creek Center sec. 13 1,500 ft 
Energy Mountain T6S, R6E 

Clackamas Co. 

25 Chevron Bully Creek NE~ sec. 8 1,500 ft 
T43E, R18S 
Malheur Co. 

26 Chevron Crump Lake SE~ sec. 6 1,440 ft T.D.* 
T41S, R24E 
Lake Co. 

*Total depth 
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Table l. 1977 State geothermal well permits (deep holes) (continued) 

Permit Area or Projected or drilled 
no. Company lease Location depth 

27 Phillips Glass Buttes NE~ sec. 33 2,000 ft 
Petroleum T23S, R23E 

Lake Co. 

28 Phillips Alvord Valley SE~ sec. 12 2,000 ft 
Petroleum T33S, R3SE 

Harney Co. 

29 Amax Vale area SW~ sec. 24 2,000 ft 
Exploration Tl7S, R42E 

Malheur Co. 

30 Amax Vale area SE~ sec. 13 2,000 ft 
Exploration Tl7S, R42E 

Malheur Co. 

31 Amax Vale area Center sec. 26 2,000 ft 
Exploration Tl7S, R42E 

Malheur Co. 

Exploration work in the State has increased since passage of 
the Oregon geothermal law in 1971. The studies appear to have 
progressed in stages: geological and geophysical work and the 
drilling of gradient holes to depths of 10 m (30 ft) was done 
during the period 1971-1973; programs in 1974-1976 utilized gra­
dient holes drilled to depths of 10 to 150 m (30 to 500 ft); last 
year, gradient holes were drilled to depths of 450 to 600 m (1,500 
to 2,000 ft). Drilling in 1978 should focus on deep production 
tests in areas where high geothermal gradients have been found. 

Table 2. 1977 State prospect well permits (shallow holes) 

Permit 
no. ComE any Area ProEosed programs 

27 DOGAM! Vale Used existing Two States 
Malheur County oil and gas hole 

28 DOGAM! Ontario SOO-ft gradient hole 
Malheur County 

29 Chevron Harney County SOO-ft gradient holes 

30 Chevron Lake County SOO-ft gradient holes 

31 DOGAM! (changed to a deep well permit) 

32 Chevron Malheur County SOO-ft gradient holes 

33 Chevron Lake County SOO-ft gradient holes 

34 Sunoco Clackamas County SOO-ft gradient holes 

3S Sunoco Lane County SOO-ft gradient holes 

10 



Table 3. Federal geophysical permits 

Company 

Geonomics 

Anadarko 

Sup ron Energy 

Area 

Alvord Valley 

Alvord Valley 

Klamath Falls 

Leasing 

Type survey 

Dipole and magneto­
telluric 

Electrical resistivity 

Electrical resistivity 
and gravity 

To date, there are an estimated 600,000 acres of existing 
geothermal leases in the State. Lessors include 20 large com­
panies and numerous independents. The Federal government's 
slowness in issuing leases is still an important factor delaying 
deep drilling to find commercial geothermal resources. The only 
lease sale held in Oregon last year was on a 640-acre Known Geo­
thermal Resource Area (KGRA) created by an overlap of applications. 
No bids were received in this sale, conducted at Burns Butte, Har­
ney County. 

Court action by environmental groups has postponed drilling 
at Alvord Valley, southeastern Oregon, and the case is still 
pending. Legal action has probably delayed the drilling of two 
deep production tests at this high-ranked geothermal prospect. 

Geothermal leasing continued in the State during 1977, but 
not at the same level as that of the 1974-1975 peak years. Leases 
in force on public and private lands last year are totalled in 
Table 4. 

Table 4. Geothermal leases 
Federa 1 : 

30 KGRA leases issued 
82 noncompetitive leases issued 
KGRA lands not yet offered for lease 

State: 
Leases in force 
Applications 

Private: 
Total estimated acreage 

Industry Activity 

60,685 acres 
109,162 acres 
398,936 acres 

6,080 acres 
4,080 acres 

400,000 acres 

Minimal surface geophysical work was done in geothermal 
areas during 1977, and no commercial discoveries were announced. 
Deep drilling consisted of temperature gradient holes varying in 
depth from 450 to 600 m (1,500 to 2,000 ft). In addition to the 
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deeper holes, shallow gradient holes were drilled to depths of 
150 m (500 ft) or less in several areas (Tables 1 and 2). 

Northwest Natural Gas Company, with technical assistance 
from the Department of Geology and Mineral Industries, drilled 
a 560-m (1,850-ft) temperature gradient hole at Old Maid Flat, 
5 mi west of Mt. Hood (Figure 2). Sun Energy Development Company 
drilled a 380-m (1,260-ft) gradient hole 3 mi east of Breitenbush 
Hot Springs, eastern Marion County. Other exploration drilling 
projects were located in the Basin and Range province, south­
eastern Oregon. 

On Bully Creek, northwest of Vale, Chevron U.S.A. completed 
drilling a deep gradient hole; and Amax Exploration, Inc., drilled 
several gradient holes to depths ranging from 65 to 100 m (220 to 
320 ft). In December, Phillips Petroleum Company began drilling 
a gradient hole at Glass Buttes, northeastern Lake County, with 
a target depth of 600 m (2,000 ft). 

In the Alvord Valley, Chevron U.S.A. drilled gradient holes 
near Borax Lake and Mickey Hot Springs and conducted several 
electrical surveys in other areas. Chevron also drilled gra­
dient holes near Summer Lake and in southern Warner Valley, both 
in Lake County. 

The city of Klamath Falls was scheduled to begin drilling a 
600-m (2,000-ft) geothermal production well near the campus of 
the Oregon Institute of Technology in December 1977. 

In 1977, Wy'East Exploration Company was issued geothermal 
leases adjacent to Timberline Lodge at Mt. Hood. The firm is 
planning to develop hot water for heating at the resort facili­
ties. Additional exploratory drilling is planned for the spring 
of 1978. Financing for the project is being applied for through 
the Energy Resources Development Administration (ERDA) Geothermal 
Loan Guarantee Program. 

Alexander Beamer began drilling last fallon a shallow well 
in the Breitenbush Hot Springs area. He plans to develop hot 
water for heating buildings and a swimming pool. Beamer had 
reached a depth of 110 m (350 ft) by December 1977. Results of 
the drilling thus far are very encouraging. 

Research 

Geological, geochemical, and geophysical studies were con­
ducted by various individuals associated with the U.S. Geological 
Survey, Oregon Department of Geology and Mineral Industries, Uni­
versity of Oregon, Oregon State University, Portland State Uni­
versity, and Eastern Oregon State College (see list of publications 
at end of article). 

In northeastern Oregon, a study of geothermal resources in 
Baker and Union Counties is nearing completion. This project, 
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Figuve 2. Night drilling at Old Maid Flat (Photo courtesy Nopth­
west Natu:ral Gas ) . 
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headed by Rich Huggins of the Eastern Oregon Community Develop­
ment Council and faculty from Eastern Oregon State College. has 
included systematic sampling of hot-spring waters for chemical 
analysis. 

The Geo-Heat Utilization Center at Oregon Institute of Tech­
nology (OIT) and the Oregon Department of Geology and Mineral In­
dustries (DOGAMI) are completing an investigation into direct 
geothermal energy applications in the food-processing industry. 
with emphasis on two areas of prime agricultural importance: the 
Snake River basin near Vale. Ontario. and Nyssa. northern Ma1heur 
County; and the Klamath basin. southwestern Oregon. In the former 
area. the study has focused on sugar and potato processing; in 
the latter area. a wide range of prospective applications has been 
identified. The U.S. Department of Energy (formerly ERDA) has 
provided funds for the OIT-DOGAMI work. 

Richard W. Couch. Oregon State University. and Brian Baker. 
University of Oregon. have supervised an aeromagnetic survey 
in the central Cascade Range. Couch has also recently completed 
an aeromagnetic survey of the Vale area. where previous gravity 
surveys have been useful in delineating the structural control 
of hot springs. 

A statewide inventory of Oregon's low-temperature geothermal 
resources (those less than 90°C) is being conducted by DOGAMI with 
funds from the U.S. Department of Energy. A long-term statewide 
heat-flow study being conducted jointly by DOGAMI and David D. 
Blackwell. Southern Methodist University. is nearing completion. 

A 3-year geothermal energy resource assessment of Mt. Hood 
volcano was begun in 1977. The project was undertaken jointly 
by the U.S. Department of Energy (DOE). U.S. Geological Survey 
(USGS). U.S. Forest Service. and DOGAMI. In 1977. a variety of 
geophysical surveys were made by USGS personnel. including aero­
magnetics (David L. Williams). self-potential (Don B. Hoover). 
microseismic (H.M. Iyer and Craig S. Weaver). and infrared (Ken 
Watson. Jules D. Friedman. and David L. Williams). 

A magnetotelluric and telluric electrical resistivity survey 
was supervised by Norman E. Goldstein and associates, Lawrence 
Berkeley Laboratory (LBL), University of California. Thermal 
modeling is being done by David D. Blackwell. Studies of Colum­
bia River Group basalt in the vicinity of Mt. Hood are underway 
under the direction of Marvin Beeson. Portland State University. 

Geological and geochemical studies of young volcanic rocks 
at Mt. Hood were conducted by Craig M. White, University of Ore­
gon; and areas of hydrothermal alteration were examined by Donald 
A. Hull, DOGAMI. Water chemistry at Mt. Hood was studied by Har­
old A. Wollenberg. LBL. James H. Robison, USGS. and Richard G. 
Bowen. 

Elsewhere in Oregon, geochemical samples of various hot 
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Figure J . Thenma~ gradient dPi~~ing by USGS neap Newbeppy CPatep. 
July 1977 . 

springs were collected by DOGAMI personnel and Robert H. Mariner 
and associates, USGS. 

At Newberry Crater, the USGS is engaged in a study of geo­
thermal energy under the direction of E.A. Sanlnel (Figure 3) . 
Included in the project are drilling and geochemical sampling of 
hot springs. The Oregon Energy Oepartment and the Oepartment of 
Geography at Oregon State University comp leted a study of st ruc­
tural 1 i neatlons and geothermal phenomena i n portions of Lake 
County and adjoining areas in California. 
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* * * * * 

OIL AND GAS EXPLORATION IN 1977 

V.C. Newton, Jr., Petroleum En9ineer 
Oregon Department of Geology and Mineral Industries 

Onshore 

The Department issued five new oil and gas drilling permits in 1977: 
one to Mobil Oil Company; three to Reichold Energy Corporation, Ta­
coma, Washington; one to John M. Rex, Terrebonne, Oregon (Table 1). 
In December, Mobil applied for a permit to drill a 14,000-ft explor-
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Figure 1. Michel, lIaZbou­
ty ' B deep oiZ and gas 
test hoZe dPil,l,ed 
near Bu~w, f{aPrJey 
County, 1977. 

atory hole north of Roseburg in southwestern Oregon. Reichhold 
engaged in follow-up test drilling with its new partner, Diamond 
Shamrock Corporation, Houston, Texas . John Re x began drilling a 
4,500-ft wildcat on the Morrow Brothers ranch near Madras in cen­
tral Oregon. Interest in Oregon' s oil and gas prospects last 
year was greater than in prior years , as shown by the increase 
in requests to the Department for regulatory and geol ogi ca l in­
formation . 

The moratorium on Federal oil and gas l eases in Oregon was 
l ifted in December 1974 by the U.S. Department of the Interior. 
Lease applications pending since 1971 were processed, allowing 
three major exploration programs to proceed: one by Texaco in 
eastern Oregon ; one by Michel Halbouty near Burns (Figure 1); and 
a third by Mobil Oil Company in southwestern Oregon. 

Mobil Oil Company continued extensive geophys ical s tudies 
i n 1977 on its 900,OOO-ac re lease block in southwes tern Oregon. 
This end of the Tertiary marine bas in ha s never been explored 
below a depth of 5,000 ft (Union Oil drilled a 7,OOO-ft hole in 
the area in 1951, but steeply dipping beds shortened s trati­
graphic penetration). 

Last spring. a large oil seep in Clatsop County was called 
to the attention of the Department by an Oregon State Univers ity 
geo109ical field party. The seepage was found on the Alfred 
Watson property near the town of Olney . approximately 10 mi south­
east of Astoria (Figure 2). Three oil companies have confirmed 
the fact that the seepage is crude oil. 

Offshore 

Gulf Energy and Minerals Company conducted limited geophys­
ical surveys off the Pacific Northwes t coas t ;n 1977. Less ac-
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tivity took place along the Oregon shelf in 1977 than in the 
previous 7 yea rs , when five oil companies made geophysical sur­
veys along the Oregon coast. The decrease in activity may be a 
resul t of Secretary of the Interior eeci 1 Andrus' postponement 
indefinitely of DeS (outer continenta l she lf ) leasing off the 
Oregon and Wa shi ngton coasts. 

The reason cited for the cancellation was that the northwest 
Pacific shelf region was rated low in oil potential, compared to 
other offshore prospects in the Uni ted Sta tes . Three major oi I 
firms. however, stated publ icly this past surt1ner that they were 
defi nitely interested in Oregon-Washington shelf prospects. In 
private conversation with representatives of this Department, 
geo 1 ogi s ts from three or four other i nterna tiona 1 oil compani es 
have indicated they would very l ikely participate in future DeS 
lease sa les involving Oregon and Wa shington shelf lands . 

The U.S . Bureau of Land Management has stated that the Pa­
cific Northwest ranks low as a prospect. as indicated by replies 
from the oil industry . This rating is of questionable value, 
since oil companies place different priorities on future pros­
pects . Oregon and Washington OCS development should not be com­
parable with the Atlantic, because there has already been leasing 
and drilling here . Knowledge of geologic conditions has been 
obtained from the 12 deep holes drilled on the Oregon-Washington 
shelf. Results were discouraging in that no reservoi r rocks were 
encountered; but shows of petroleum were found in three of the holes 
drilled, and 60 MCF/O (1,000 cu ft/day) of natural gas were ob­
tained on a formation test in the Pan American well drilled off 
the southwest coast of Oregon. Recent interpretations of se i s-
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mic data suggest that two of the holes were drilled on shale 
piercement structures and thus did not penetrate a typical sec­
tion of rocks. 

In the recent past, exploration, though greatly diminished, 
had been continuing off the Oregon coast until 1969, when Secretary 
of the Interior Hickel declared a moratorium on all oes drilling. 
Furthermore, only portions of the coast were open for leasing in 
1964, when the only ose sale in this area was held; and recent stu­
dies indicate that portions of the coast not opened to leasing during 
that sale may contain coarse-grained sediments (reservoir rocks). 

There are still prime targets on the Oregon-Washington oes 
lands for future drilling. If the current oes leasing schedule 
remains intact, Oregon-Washington shelf land will not be offered 
for lease until some time after 1981; and if production is 
eventually found, it cannot be utilized until 1986 or 1988 be­
cause of the delay in making environmental studies and com­
pleting exploration drilling. 

Leasing 

The past year was the most active on record for oil and gas 
leasing in Oregon. Oil and gas leases, either in force or under 
application, were estimated to amount to 1.3 million acres at the 
close of 1977. At least eight exploration firms and a dozen or 
more individuals hold leases at the present time (Fiqure 3). Some 
leasinQ can be credited to speculators who have been attracted to 
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the State by announcements of increased oil and gas activity. 
The figures for oil and gas leases are as follows: 

Ownership Total acres 
Federal lands (237 leases) 439,802 
State lands (leases) 38,182 
County lands (estimated) 80,000 
Private lands (estimated) 800,000 

The following major lessors have assembled the oil and gas 
leases in the State: 

Mobil Oil Corporation Denver, Colorado 
Texaco, Inc. Los Angeles, California 
Standard Oil San Francisco, California 
Reichhold Energy Tacoma, Washington 
John Rex and Associates Terrebonne, Oregon 
John Batts Billings, Montana 
Inter American Petroleum Denver, Colorado 
Erick Von Tech North Bend, Oregon 
Farnham Chemical Portland, Oregon 
R.F. Harrison Seattle, Washington 
Tenneco Oil Company Bakersfield, California 
Northwest Exploration Denver, Colorado 
Far West Oil Portland, Oregon 

In 1975, Shell Oil Company began a large leasing program in 
the Columbia basin of eastern Washington, and Texaco and Gulf Oil 
have since joined'the leasing effort. An estimated 300,000 acres 
are believed to be under lease in this region at the present time, 
but leasing has not yet extended into the Oregon portion of the 
basin. 

Objectives in the Columbia Plateau leasing appear to be Ter­
tiary nonmarine and pre-Tertiary marine beds underlying Miocene 
lavas. Discovery of oil in Tertiary nonmarine rocks at Trapp 
Springs, southeastern Nevada, has focused attention on a whole 
new area, including similar deposits in the Northwest. 

Table 2. Oil and gas records released 

Total 
depth 

Operator Well name Location ~ Released 

Reichhold Crown Zellerbach No.1 Sec. 22 5,557 8/21/77 
Energy Corp. Northwest Natural Gas T2S, RIOW 

Reichhold Finn No. 1 Sec. 17 7,252 9/23/77 
Energy Corp. Northwest Natural Gas T6S, R4W 

Reichhold Merrill No. 1 Sec. 24 5,282 10/14/77 
Energy Corp. Northwest Natural Gas T8S, R4W 

Reichhold Crown Zellerbach No.1 Sec. 8 5,805 11/ 1/77 
Energy Corp. Northwest Natural Gas T4N, R3W 
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NEW STATE GEOLOGIST 

Donald A. Hu.H 
(Photo oourtesy Oregon Jo~l) 

tant manager , directing the search 
of clay and shale deposits. 

December 16. 1977 marked the 
beginning of Donald A. Hull's 
tenure as State Geologist for 
the Oregon Department of Geol­
ogy and Mineral Industries . a 
post he assumed after having 
served as the Department's 
geothermal specialist since 
October 1974. 

Prior experience includes 
four years with Homestake Mi n­
eral Development Company as 
district explorat ion manager. 
in charge of exploration in 
the northwestern United States 
and Canada; a year as geol o­
gist-in-charge for Homestake 
Mining Company, Carlin, Nevada , 
where he directed a conceptual 
exploration program for Car l in­
type go ld deposits; and a year 
with Port Costa Cl ay Products 
Company, Port Costa, Ca li for­
nia. as geologist and assist­
for. acquisition of. and mi ni ng 

Hu ll earned his Ph . D. degree at the University of Nevada. 
Reno. i n 1970 . His dissertation was entitled "Geol ogy of the 
Puzzle Vein. Creede Mining District . Colorado ." His master of 
sc ience degree came fr om McGil l University . Montreal. Canada, in 
1962, after undergraduate studies at the University of Idaho . 

Hull i s a member of the Canadian Institute of Mining and 
Metallurgical Engineers, the Northwest Mining Association , the 
Geothermal Resources Council. and the En9ineers Club of San Fran­
ci sco . He is author or coauthor of severa l pub li cat i ons. pri­
marily geothermal stud ies. 

* * * * * 

THE OREGON AGATE AND MINERAL SOC IETY will present i ts annual Gem 
and Mineral Show from January 28 through February 5 at the Oregon 
Museum of Science and Industry. 
Admission is free beyond theOMSI gate. Aprize drawin9 will be held. 
Hours: 9 - 5 weekdays ; 9 - 9 Fri day; 9 - 6 Saturdays and Sundays. 

23 



RALPH MASON RETIRES 

Ralph S. Mason, who retired from his position as State Geologist 
September 30, 1977 remained with the Department as Acting State 
Geologist until December 15," He left behind him a record of se r­
vice and achievement of which he can be proud and for which we of 
the State Department of Geology and Mineral Industries are deeply 
grateful. 

A native Oregonian, Ralph was born in Hood River and lived 
in Hood River County until 1930. He received a B.S. in geology 
from Oregon State Univers ity in 1937 and was a Registered Mining 
Engineer for the State Department of Geology and Mineral Indus­
tries from 1943 to 1971. He served as Deputy State Geologist 
from 1971 through 1976. In 1977 he became State Geologist, a 
position for whi ch he was extremely well qualified. 

Ralph' s 34 years of se rvi ce to the people of Oregon have 
produced approximately 75 articles and publications on the min­
era l industry of Oregon; hundreds, if not thousands, of talks to 
interested groups and organizations; numerous radio and televi­
s ion appearances; assistance to Department staff members; and 
countless answers to questions from the public. industry, press, 
and fellow geologists about Oregon's geology and the State ' s role 
in the development and protection of Oregon' s mi neral resources. 

Ma son has been associated with many soc ieties includi ng the 
American Institute of Mining . Metallurgica l and Petroleum Engi ­
nee rs; Geological Soc iety of the Oregon Country; Oregon Museum 
of Science and Industry , Oregon Association of Engineering Em­
ployees; Oregon Inventors Council; and Columbia Inter-Agency 
Task Force on Lands and Mineral s . He was an instructor ;n geol­
ogy in the Portland State College Evening Program from 1950 to 

Ralph S . M2son 

1972 and a guest lecturer at the Ore90n State 
Jun i or Engineers Science Sununer Inst itute from 
1958 to 1972. His interests extend beyond ge­
ology and mining to specialty woodworking and 
desi9n, practical around-the-home inventions. 
and civic service. 

At the core of Ralph's contribution ;s a 
quality available only throu9h long-term ex­
perience and commitment. The Department has 
been very privileged to have had Ralph on its 
staff. We will miss his knowledge. high stand­
ards of excellence. unfailing courtesy, and un­
expected witticisms. To Ralph Ma son, resource 
in rou9h times and leader in good times, wit 
cracker and occasional whip cracker, and friend, 
we extend our deepest appreciation and wishes 
for a healthy and happy retirement. 
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Introduction 

Two Oregon coast beaches with significant differences in grain size, and 
thus in beach profile morphology and response to wave conditions, were 
studied. Gleneden Beach, just south of Siletz spit and Lincoln City, 
has a median grain size of 0.35 mm (0.014 in) (medium sand) and a steep 
beach face slope; Devil's Punchbowl beach has a median grain size of 
0.23 mm (0.009 in) (fine sand) and a low concave-up beach face slope. 
Between August 1976 and July 1977, fourteen sets of beach profiles were 
obtained both at Gleneden Beach and Devil 's Punchbowl beach. 

Beach profile and wave conditions 

The beach profile configuration, in nature and laboratory wave tanks, 
is a function of the intensity of energy dissipation by waves breaking on 
the beach. Beach profile changes are caused by storms, longshore sand 
transport, tides, and coastal winds (Komar, 1976). Monitoring all of 
these variables at the same time in order to understand the variations 
in the beach profile is difficult. 

The principal observed variation commonly found in beach profiles is 
annual, resulting from overall changes in the energy level of waves between 
summer and winter. Some of the first measurements of this annual shift 
were made on California beaches by Shepard (1950), and overall shift in 
profile type is illustrated in Figure 1. Shepard (1950) found that dur­
ing the summer, when small waves prevail in California, beach profiles 
are characterized by wide berms and relatively smooth offshore profiles. 
Storms duri ng the wi nter shi ft s·and from the berms to offshore bars (Fi g­
ure 1). Because profile types are generally seasonal, Shepard used the 
terms "summer profil e" and "wi nter profil e." As such sh i fts, however, 
are not always seasonal, the terms "swell profile" and "storm profile," 
after Komar (1976), are used in this paper. Figure 1 emphasizes the re­
lationship of the profile types to swell waves and storm waves. Gener­
ally, however, Oregon beach profiles, like those of California beaches, 
are approximately seasonal. 

The two types of beach profiles are most commonly related to st~ep­
ness of waves, H /L , where H is the deep-water wave height and L the 
deep-water wave iength. The deep-water wave length is related to the 
wave period, T, by 

g 
L = -- T2 
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Figure 1. Swell (summer) profile with its wide berm v. storm (winter) 
profile with larger offRhore bars. These differences result from 
changing wave conditions (from Komar, 1976). 

where g is the acceleration of gravity. Thus wave steepness includes 
wave period as well as wave height. In wave tank experiments, Johnson 
(1949) found that the beach profile changed from a swell profile to a 
storm profile when wave steepness, H /L , reached a value of 0.025 to 
0.03. Rector (1954) and Watts (1954j found the critical wave steepness 
to be 0.012, lower than values given by Johnson (1949). Using a wave 
tank which generated waves as large as those occurring on actual beaches, 
Saville (1957) found a critical wave steepness of 0.0064, much lower than 
that found in other studies. 

Iwagaki and Noda (1963) and Nayak (1971) have shown that the value 
of the critical wave steepness for the change from a swell profile to a 
storm profile depends on the ratio, H /D, where D is the mean grain size 
of beach sediment; their two studies,oohowever, did not particularly agree. 
Dean (1973) presents a model for the shift in profile type based on a 
consideration of the trajectory of a suspended sand particle as it falls 
to the bottom, acted upon at the same time by horizontal water motions of 
waves. He finds that critical wave steepness depends on the ratio of the 
settling velocity of beach sediment to the period of waves. 

All considerations of a critical wave steepness that causes the shift 
in profile type agree that the deep-water wave height, H , and the wave 
period, T, are the major parameters important in the process, since they 
govern the value of the wave steepness. Previous studies clearly demon­
strate that deep-water wave height, or breaker height, or wave energy 
(which depends on the wave height), is important in the shift in profile 
type. Komar (1976, p. 293) suggests, however, it is not clear that the 
wave period, T, is an important parameter. On North Carolina beaches, 
for example, Dolan (1966) found a significant correlation between both 
onshore-offshore shifts of sand and profile types with wave height or 
energy but almost no correlation with the waVe period. 

Purpose of study 

The purposes of this study are (1) to examine annual changes in beach 
profiles on the Oregon coast and (2) to relate these changes to wave con­
ditions. Of particular interest is winter erosion of the beach because 
when most of the beach berm has been removed, waves wash directly against 
the coastal sea cliffs or dunes (Komar and others, 1976), resulting in 
erosion of coastal properties such as has occurred on Siletz spit (Rea, 
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1975; Komar and Rea, 1976) and Bayocean spit (Terich and Komar, 1974; 
Komar and Terich, 1977). The ultimate purpose of the investigation is 
to allow the prediction of the amount of beach erosion or deposition (the 
onshore-offshore shifts of beach sand) from a knowledge of the wave con­
ditions. Waves measured daily at the Marine Science Center in Newport 
on the mid-Oregon coast could thus be used to predict beach erosion along 
the coast. 

Previous Oregon studies 

Only two previous investigations of beach profile changes have been 
conducted on the Oregon coast. The first involved an extensive University 
of California, Berkeley, study of West Coast beaches for the Navy during 
and immediately following World War II. The findings of those studies are 
summarized by Komar (1977). The investigations summarized in this article 
can be viewed as a continuation of the studies of Oregon beach profiles 
undertaken by Fox and Davis (1974) from June 1973 to May 1974 when they 
examined the response of the beach to changing waves, winds, and tides, 
finding that during the winter, wave swash and nearshore currents remove 
large volumes of sand from the beach. They learned that the beach par­
tially recovers during stormless periods, even during winter, because 
the sand removed from the berm and stored in offshore bars returns to 
the beach in the form of small intertidal bars that migrate onshore. 

Beach Profile Locations 

The two Oregon beaches from which profiles were obtained differ sig­
nificantly in grain size. The coarser sand occurs along a stretch of 
beach at Gleneden Beach immediately south of Siletz spit and 9.2 km 
(5.7 mil south of Lincoln City; the profiles were obtained at the north­
ern edge of Gleneden Beach State Park and the private property to the 
immediate north of the park. More details of the location and arrange­
ment of profiles are given by Aguilar-Tunon (1977). 

Figure 2 shows a typical Gleneden Beach profile with the grain-
size parameters along its length. The sand is generally approx-
imately 0.36 mm (0.014 in) in median size (medium sand, according to 
Wentworth's (1922) classification). Gravel concentrations commonly appear 
on the beach face, especially within pronounced longshore troughs that 
develop during the spring. 

Because of its relatively coarse sediment, the beach has a steep 
profile and beach face slope, demonstrating the relationship of increas­
ing beach slope with increasing grain size (Bascom, 1951; Wiegel, 1964; 
and Komar, 1976, p. 303-308). Because coarse sand beaches change their 
profiles in response to varying wave conditions much faster than do 
beaches composed of finer sized grains, Gleneden Beach may also be ex­
pected to be in closer equilibrium with prevailing wave conditions. 

The second beach examined in this study is located from 410 to 510 m 
(1,350 to 1,700 ft) south of Devil 's Punchbowl at Otter Rock, 11.6 km 
(7.2 mil north of Newport. Profiles were obtained far enough away from 
Devil 's Punchbowl itself so that the rocky headland would not inter-
fere with the waves at the profile locations and should therefore 
not significantly affect the beach response. Figure 3 shows a typical 
beach profile with the grain-size parameters along its length. The 
beach there is composed principally of fine-grained material (Wentworth, 
1922), with a median diameter of approximately 0.23 mm (0.009 in), 
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Figure 2. Median grain size and standard deviation (sorting) of grain­
size distributions across typical beach profile at Gleneden Beach. 
Analyses were performed on sedimentation balance. 

much finer than the sand at Gleneden Beach. The beach slope is also 
much lower. 

There are other differences in the beaches, as well. The overall 
mineralogy of the beach at Devil's Punchbowl changes during the year. In 
summer, when the berm is widest, the beach is light in color because it 
consists mainly of clear to cream-colored quartz and feldspar. During 
winter, sand is shifted offshore from the upper beach, exposing a con­
centration of heavy minerals, mainly hornblende, epidote, and garnet, 
leaving the beach almost black, with a distinct green tinge due to the 
epidote. Gleneden Beach does not show similar concentrations of heavy 
minerals and resulting changes in color, consisting instead of quartz­
feldspar sand throughout the entire year. 
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Figurg 3. Median grain siae and stc:ndtu>d deviation (sorting) of gruin 
size distributions across t ypical. bBach p1'Ofil(l at [)eVil. ' 8 Punch­
bowl. beach. Sand on this beach 'is much mors 1011.101'1'1/ and finer 
grained than that at Gleneden B~ach (Figurs 2) . 

Beach Profiling Techniques 

The profiling techniques used in this investigation are the same as 
those described by Emery (1961) , Hoyt (1971), Fox and Davis (1974), and. 
in greater detail. Aguilar-Tunon (1977). The approach is the lfne- and­
stakes method, which utilizes the horizon to determine the horizonta l to 
which vertical changes i n the profi l e are referred. Emery (1961) . Davis 
(1976). and Aguilar-Tunon (1977) discuss the accuracy of the approach . 

The 14 sets of surveys conducted at both Devil's Punchbowl beach 
and at Gleneden Beach were genera lly carried out during spring tides, 
when the most beach is exposed. For this reason, the successive profile 
sets are separated in time by either two weeks or one month. Aguilar­
Tunon (1977) lists profile dates. Four wooden stakes and one iron stake 
were located at the top of the beach along the base of the sea cliff at 
Gleneden Beach; the distance between the stakes was 60 m (200 ft ) (Ag ui ­
lar-Tunon, 1977 , Figure g). The stakes served as base marks for the 
su rvey lines; the tops of the stakes provided a base level to which the 
repeated prof1les could be compared. Similarly. three wooden stakes 
located at the base of the cliff along Devil's Punchbowl beach were ref­
erence points for the three survey lines there (Aguilar-Tunon , 1977, Fig­
ure 10). Distance between these stakes was 50 m (165 ftl. 

The purpose of having multiple survey lines, five at Gleneden Beach 
and three at Devil's Punchbowl. was to allow longsho re variations in 
beach erosion and deposition patterns to be assessed and averaged. The 
chief cause of these variations was expected to be rip currents, which 
hollow out more of the beach, producing embayrnents. If a single survey 
line were used and it happened to be at the locat ion of a rip current, 
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the resulting erosion would not correspond well to the wave conditions. 
Rip current embayments or other beach irregularities actually presented 
few problems until April to June 1977, toward the end of the study. This 
was a matter of chance, especially at Gleneden Beach, where rip current 
embayments could be seen both to the north and south of the survey area 
throughout the winter. Similarly, no longshore irregularities appeared 
on Devil's Punchbowl beach throughout the winter. Rip current embayments 
and irregular longshore throughs developed at both beaches in late April 
through June, as sand began to shift onshore, returning to the exposed 
beach berm. These irregularities will be discussed later.. 

Multiple survey lines served another purpose in that stakes were 
sometimes lost and had to be replaced. Fortunately, one stake at each 
location survived for the entire study peri j. Most determinations of 
beach erosion and deposition were obtained from those two survey lines, 
with confirmation checks from other-survey lines to insure that longshore 
variations were not appreciable. 

Wave Measurements 

Sea wave conditions were recorded daily for 10-minute intervals 
every 6 hours at the Marine Science Center in Newport. The microseism 
system for wave measurements and the wave analysis procedures are de­
scribed by Enfield (1973), Quinn and others (1974), Zopf and others (1976), 
and Komar and others (1976). The system empirically yields measurements 
of the significant wave height and period at a water depth of 12 m (40 ft) 
off Newport; as discussed by Komar and others (1976), these measurements 
can be considered as deep-water waves with little introduction of error. 
Corresponding breaker heights of waves were calculated from offshore wave 
data provided by the Newport seismic system, utilizing the equation de­
veloped by Komar and Gaughan (1973). 

Resulting Beach Profiles 

Gleneden Beach 

Figures 4 and 5 show the 14 profiles obtained at Gleneden Beach along 
the profile range for which the stake was not lost, and all profile eleva­
tions and horizontal distances are relative to the top of that stake. Pro­
file 1 (27 August 1976), Figure 4, shows a berm 70 m (230 ft) wide, sloping 
in a landward direction, meeting the seaward-sloping beach face in a pro­
nounced berm crest. Such a profile, with a low in the mid-berm and a sharp 
berm crest, is a typical swell (summer) profile for this location. The 
landward-sloping berm is produced by waves washing over the berm crest, 
depositing sand, and then ponding in the low of the mid-berm. Bascom 
(1954) shows similar profiles at Carmel, California. 

Profile 2 (7 October 1976), Figure 4, shows that the berm has been 
partia11y eroded. Profile 3 and subsequent profiles in Figure 4 show no 
berm, the beach instead consisting of an offshore-sloping beach face, a 
typical concave-upward storm (winter) profile. Thus, between Profiles 1 
and 3, a shift similar to that shown in Figure 1 has occurred. The summer 
type of profile has been transformed into the winter type. Sand has pre­
sumably moved offshore into bars which could not be reached by these pro­
files but which can be seen in profiles obtained with an amphibious DUKW 
(Komar, 1977). 

Figure 5 includes Gleneden Beach profiles that demonstrate the growth 
of the exposed beach berm as wave co litions change and the profile shifts 
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Figure 5. ~ofiles 10 through 14 at Gleneden Beach, showing recovery of 
beach berm under lowered wave conditions of spring and early summer. 
Dashed lines show Range 5; solid lines indicate Range 4; longshore 
separation of the two ranges is 50 m (165 ft). Note considerable 
longshore variability in berm recovery shown by these two ranges. 

back to the swell-type profile that prevails during the summer. Profiles 
10 and 11 are repeated from Figure 4, showing the maximum amount of ero­
sion (Profile 10) and the beginning of recovery (Profile 11). Beginning 
with Profile 12 (7 May 1977), longshore variations in the profiles are 
appreciable, especially in the degree of berm recovery and in irreg­
ularities of the offshore portions. From this time through July, rip 
currents were very apparent, with longshore troughs cut by longshore 
currents feeding the rip currents. This was the main cause of the long­
shore variations in the beach profiles. It also governed loc~l recovery 
of the berm. 

Two beach profiles are given in Figure 5 for surveys 12 and 13 to 
depict this longshore change; all profiles shown in Figure 4 are located 
on Range 4, the location of the one stake not lost during the study. 
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Range 5 is 60 m (200 ft) to the south. Figure 5 shows the berm recovered 
much sooner at Range 5 than at Range 4 because a rip current was centered 
off Range 4 during this period. It was not until 23 July 1977 (Profile 14) 
that the bernl at Ranges 4 and 5 appeared about equal in extent (elevations 
of Ranges 4 and 5 in Figure 5 are not comparable, since they are related 
to different stakes having different levels). Even during July, the beach 
profiles seaward of the steep beach face differed considerably due to the 
presence of nearshore circulation of longshore currents and rip currents. 

Devil's Punchbowl' 

Representative profiles of the total 14 sets obtained at Devil's 
Punchbowl beach are shown in Figure 6; all the profiles can be found in 
Aguilar-Tunon (1977). At this beach, which is composed of fine sand, 
changes are much less pronounced than at the coarser grained Gleneden 
Beach. Devil's Punchbowl has little, if any, true berm, even in Profile 
(27 August 1976). At the back of the beach a portion 10 m (30 ft) wide 
covered with drift logs could be called a beach berm. Otherwise, the 
exposed beach profile, even in midsummer, consists of a concave-upward 
beach face~ Total vertical changes 1n the beach level from August 1976 
to June 1977 were only on the order of 1 m (3 ft). 

No ordered sequence of erosion occurs as the winter months of high 
waves begin followed by deposition as low waves return (Figure 6). While 
the coarser grained Gleneden Beach is undergoing erosion, Devil's Punch­
bowl beach might be undergoing deposition, and vice versa. The corre­
spondence to the changing wave conditions was also rather poor; for ex­
ample, erosion did not always occur when wave heights increased. The non­
systematic changes of Devi1's Punchbowl beach cannot be attributed to er­
rors in the profiling techniques because the changes are sufficiently 
large to be resolved by the approach, and, in most cases, all three pro­
files show the same changes. Perhaps the presence of Devi1's Punchbowl 
headland some 400 to 500 m (1,300 to 1,650 ft) to the north has an indi­
rect effect, even though it does not alter wave conditions at the profiling 
site. For example, the effects of the change in direction of waves from 
southwest to northwest and the resulting change in direction of the lit­
toral drift, which would be blocked by Devil's Punchbowl, may have been 
felt as far south as the profiling location. This effect cannot be under­
stood without further field studies. 
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Figure 6. Seleated beaah profiles from Devil's Punahbowl beaah, showing 
winter erosion of exposed beaah. 
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Figure 7. Development of an onshore-migrating bar as sand returned to 
beach berm during spring and early summer. A pronounced longshore 
trough developed between bar and exposed beach face, finally cut­
ting completely through beach sand down to bed rock. 

longshore trough and offshore bar. From August 1976 to March 1977, the 
trough was deep and the bar well offshore, and the profiles could not 
generally reach the bar. In spite of pronounced troughs, longshore cur­
rents were not strong. Rip currents were also weak; during the winter 
months they did not significantly hollow out embayments into the beach 
to produce longshore variations in the exposed beach. The 2 April 1977 
profile (Figure 7) shows the offshore bar beginning to migrate shoreward 
while the confined longshore trough cuts deeper into the beach. On 
2 April 1977, the bar top-to-trough-bottom relief was 1.3 m (4.3 ft); at 
low tide, the water depth in the trough was 1.5 m (4.9 ft). By 7 May 1977, 
the date of the next series of profiles, the bar had migrated shoreward by 
some 80 m (260 ft) (Figure 7). The more confined shoreward trough dug 
completely through the beach sand and flowed, in part, over exposed rock. 
During this stage, longshore currents were much stronger than during the 
winter, even though the waves were smaller. As individual waves dumped 
into the trough, water flowed over the bar into and along the trough un­
til it reached a rip current. At the same time, the trough and rip cur­
rent system produced significant longshore changes in the beach profiles. 
Figure 7 shows that by 3 June 1977, the date of the last profile, the 
trough had been completely refilled with sand and the onshore-migrating 
bar had welded itself onto the beach face. Such shoreward-migrating bars 
are better documented by Fox and Davis (1974) on Oregon beaches and in 
studies by Davis and others (1972), Hayes and Boothroyd (1969), and others 
on different coasts. 

Beach Erosion and Deposition 

Beach profiles obtained in this study have been used to compute the 
volumes of beach erosion or accumulation. Volumes of material moved by 
erosion or deposition during the time interval between two successive 
beach profiles are obtained by subtracting one profile from the other, 
assigning positive values (+) to areas where the second profile in time 
is higher than the first (deposition) and negative (-) to areas where 
the second profile is lower than the first (erosion). The procedure for 
approximating areas uses the trapezoid rule given in most calculus texts 
and yields a cross-sectional area between two successive profiles. 
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The resulting area can be thought of as the volume of erosion or accretion 
per unit length of beach in the longshore direction. This volume is, of 
course, also a function of the profile lengths. If the profiles had been 
somewhat longer, the volumes of calculated erosion or deposition would in 
most cases be greater. To help eliminate profile length effects on cal­
culated volume, computed volumes were normalized by dividing by profile 
lengths. The result was the volume of erosion or deposition per unit pro­
file length (cubic meters/meter) per meter of longshore beach distance. 

The results of this analysis are presented in Figure 8, together 
with the m:asure~ wave steepness, Hoo/Loo' and breaker height, Hh, obtained 
from the mlcroselsmometer system at Newport. The wave conditions show 
the usual general increase in breaker heights and wave steepness as the 
winter begins (Komar and others, 1976). Wave conditions fluctuate con­
siderably because periods of large waves caused by North Pacific storm 
systems are separated by intervals of lower waves, when there are no 
storms. The largest waves measured during the study occurred on 9 March 
1977, when breaker heights reached a significant wave height of 6.0 m 
(20 ft). Larger waves have been measured by the Newport wave recorder, 
installed in 1971. The largest breakers, 7.0 m (23 ft) high, occurred 
on 24-25 December 1972, causing considerable erosion on Siletz spit to 
the north of Geneden Beach (Komar and Rea, 1976). The storm on 9 March 
1977 caused some erosion of property on Siletz spit, but not as much as 
that caused by the earlier erosion episodes of 1972-73 and of spring 1976. 

The values of the wave steepness, H /L , in Figure 8 tend to be more 
erratic than the breaker height because theOOsteepness includes both the 
measured wave height and period, each with inherent measurement errors. 
For this reason, Figure 8 includes a plot of the average, maximum, and 
minimum values of the wave steepness for the time intervals between pro­
files. 

The resulting computations of beach erosion and deposition shown in 
Figure 8 further demonstrate that the volumes involved are much greater 
at the coarser grained Gleneden Beach than at the finer grained Devil's 
Punchbowl beach. Maximum erosion at Geneden Beach was 0.7lm3/m (7.6 
cu ft/ft) of profile length; maximum erosion at Devil's Punchbowl beach 
was 0.25 m3/m (2.7 cu ft/ft) of profile length. Simple progressive ero­
sion of the exposed beach does not take place at either location as the 
winter months are entered because periods of net deposition occur be­
tween subsequent profiles, even in midwinter. It appears that the finer 
grained Devil's Punchbowl beach shows lesser volumes of change than the 
coarser grained Gleneden Beach, and erosional or depositional response 
may be entirely different. 

Figure 9 shows the relationship between the amount of erosion or 
deposition between two successive profiles and the average breaker height 
that prevailed during the time. Also given are the total ranges of breaker 
heights observed during each period, the data bars extending from the 
maximum to the minimum observed breaker heights. As in Figure 8, com­
putations are limited to months before April 1977, at which time long­
shore variations in the beaches became appreciable. 

Figure 9 shows only a vague relationship between the amount of ero­
sion/deposition and average breaker height. The slight trend that does 
exist indicates that with increasing breaker height comes an expected 
shift from deposition to erosion and an increase in the amount of ero­
sion. More important to the erosion/deposition might be the maximum 
and minimum wave conditions that occur during the time period. The one 
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large storm that took place during the period , represented by the maxi ­
mum breaker height. might be responsible for the beach erosion, whereas 
the average or minimum breaker heights do little to change the volumes 
of sand on the exposed beach . This certainly appears to be the case; 
one single large storm with breakers higher than 6 m (20 ft) usually 
initiates erosion on Siletz spit (Rea . 1975; Komar and Rea , 1976). 
Deposi tion apparently occurs when there is no major storm during the 
period and the breaking waves average around 4 m (13 ft) or less . The 
minimum wave breaker heights that occur during the peri od do not appear 
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to be significant, not differing between the periods of erosion and 
deposition (Figure 9), possibly because the minimum waves have such 
little energy and power that they are unable to appreciably change the 
volume of sand on the exposed beach. They may cause some beach deposi­
tion, but its importance is small compared with the volume changes asso­
ciated with the average or maximum waves during that time period. 

A further complication is the time element. This is especially 
apparent in Figure 9, which shows that erosion was produced by waves 
averaging only 2 m (7 ft) in breaker height with the maximum waves of 
the time period reaching only 3.7 m (12 ft). This occurred at the initial 
transition between the swell profile that prevails during summer and the 
storm profile that occurs during winter. As wave conditions are initially 
changing, the beach profile in its full summer condition is most out of 
equilibrium with the increasing wave heights. For this reason, during 
the transition period, an increase in wave height to even 2.0 to 3.B m 
(7 to 13 ft) produces a large volume of erosion. Once the beach profile 
has shifted more toward the winter storm profile, those same wave heights 
would cause little, if any, erosion and might at that time even cause some 
beach deposition . Thus wave heights that at one time of year cause ero­
sion may cause accretion on the exposed beach at another time of year. Of 
importance is the condition of the beach profile at the time the waves oc­
cur. whether it is shifted well into the swell (sumner) configuration or 
into the oppOSite extreme. the storm (winter) profile . 

Results of similar analys~s undertaken to relate the volume of ero­
;ion/deposition to prevailing deep-water wave steepness, H /L , can be 
found 1n Aguilar-Tunon (1977) . In this analysis, wave steepness shows 
an even poorer relationship than does breaker height (Figure 9) to erosion/ 
deposition. There is only a slight indication that increasing wave steep­
'ness is accompanied by increaSing tendency toward erosion and an increase 
in the volume of erosion. This led to the conclusion that including the 
wave period in the analysis to yield wave steepness, rather than using the 
wave height or energy alone, does not appear to be warranted, which agrees 
with the findings of Dolan (1966). 

Summary of Conclusions 

Oregon beaches undergo the usual profile changes resulting from 
seasonal variations in the wave conditions. During the year of this 
study, the beaches under investigation transformed from swell (summer) 
profiles to storm (winter) profiles from September through November, the 
period of generally increasing wave heights. The transition was accom­
panied by general erosion of the exposed portions of the beach. The 
swell (sullll1er) profiles returned the following spring, mak ing the tran­
sition in April through June, during which months the wave heights again 
decreased. The return to the swell (summer) profiles was marked by the 
shoreward migration of bars, producing for a time deeply incised long­
shore troughs and an increased nearshore water circulation. 

Seasonal changes in profile types and accompanying erosion or depo­
sition are not entirely systematic. For example, deposition on the ex­
posed portion of the beach occurred even in midwinter during periods 
of prolonged low wave activity . 

Of the two beaches under investigation, the coarser grained Gleneden 
Beach showed larger volume changes of sand on the exposed beach due to 
erosion and deposition. Vertical changes in the level of the beach face 
were also greater. The coarser grained and finer grained beaches did not 
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always respond to the changing wave conditions in the same way; one could 
be eroding while the other showed a net accretion. Of the two, the coarser 
grained beach changes appeared to be more systematic and to correspond more 
closely to varying wave conditions. 

Attempts were made to relate erosion or deposition volumes to changing 
wave breaker heights and deep-water wave steepness, H /L. This analysis 
met with only limited success, partly due to the timeOOfactor because waves 
of a given height could cause erosion during one season and deposition 
during another season. The governing factor in the response was the de­
gree to which the beach profile was out of equilibrium with the waves. 
In general, for the Oregon beaches studied, the principal beach erosion 
occurred during storm conditions when wave breaker heights exceeded 5 to 
6 m (16 to 20 ft). Deposition occurred when there was no major storm and 
breaking waves averaged 4 m (13 ft) or less. Wave steepness, H /L , showed 
a poorer relationship to the erosion/deposition than did breaker heights, 
indicating that the wave period was not a significant factor in the on­
shore-offshore shift of sand and the resulting changes in the beach pro­
file type. 
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GEOLOGISTS REGISTRATION FEES ANNOUNCED 

The State Department of Commerce Board of Geologist Examiners has an­
nounced fees for registering under the Geologist's Registration Act, 
Sec. 14, Chap. 612, Oregon Laws, 1977, passed by the 1977 session of 
the Oregon Legislature. The fee for examinations will be $50; initial 
or annual renewal licenses, $50; initial or annual renewal of certifi­
cation in a specialty, $25; restoration of a past-due license or cer­
tificate, $10; replacement of lost certificate, $3.00. 

Geologists 70 years old or older will pay a reduced fee of $10. 
All licenses must be renewed each year on or before November 1. Qual­
ified practicing geologists may obtain licenses without examination 
by applying before September 30, 1978. 

Address applications to the Department of Commerce, Board of Geol­
ogist Examiners, 428 Labor and Industries Building, Salem, Oregon 97310. 

* * * * * 

BIBLIOGRAPHY OF OREGON CAVES PUBLISHED 

The Oregon Speleological Survey has recently published "Bibliography of 
Oregon Speleology," an annotated and comprehensive bibliography of caves 
in Oregon. Data for the 101-page bulletin were painstakingly gathered by 
Charles V. Larson, who dedicated the work to Phil Brogan, longtime Bend 
newspaperman. 

Although this book is technically a bibliography, the copious an­
notations hav~ almost converted it into a basic text on Oregon speleology. 
In addition to the 1,155 entries, a list of caves is cross-referenced to 
pertinent literature. Also included are a map of caves that have been 
found in the state, a list of cave leads, and a table giving duplicate 
cave names. 

The bibliography is available, at $6.00 postpaid, from the Oregon 
Speleological Society, 13402 N.E. Clark Road, Vancouver, Washington 98665. 

* * * * * 

FORMER BOARD MEMBER DIES 

Herbert Lyle (Van) Van Gordon, member of the Department's Governing Board 
from April 1973 through March 1976, died January 21, 1978, in Grants Pass. 
Van Gordon was born June 26, 1913, in Cove, Oregon. He spent his boyhood 
in Nevada and later took mining courses at the University of Nevada. Dur­
ing the war years, Van Gordon served on the War Manpower Commission, in­
volved in magnesium research and process control. In 1944 he moved with 
his family to Grants Pass, where he was self-employed until 1950, when he 
began work for Pacific Power and Light Company. 

Upon his apPointment by then-Governor Tom McCall to the Governing 
Boal"d, Van stated: "This is the finest and will be the most interesting 
and rewarding opportunity to serve that has come my way." 

State Geologist Donald A. Hull, on receiving the news of Van Gordon's 
death, observed: "Lyle Van Gordon's interest in mining and the outdoors 
gave him unique insights into the activities of the Department. A per­
sonal knowledge of Oregon's mining areas contributed to his outstanding 
service as a member of the Department's Board of Governors." 
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SURFICIAL GEOLOGIC HAZARD CONCEPTS FOR OREGON 

John D. Beaulieu 
Deputy State Geologist 

Oregon Department of Geology and Mineral Industries 

Introduction 

Geologic hazards are those geologic processes which adversely affect the 
activities of man and therefore pose threats to his safety, health, and 
welfare. Included are earthquakes, mass movement or landslides, floods, 
slope erosion, and stream erosion and deposition. The increased need 
for information on geologic hazards in Oregon is addressed by the Envi­
ronmental Geology Program of the Oregon Department of Geology and Min­
eral Industries. 

Purposes of the program are: 
(1) To provide pertinent information on geologic hazards in 

Oregon for land use planning. 
(2) To integrate information on surficial geologic processes 

into land management activities and policy formulation for 
the purpose of more effective land management. 

(3) To develop new concepts and techniques in the study and 
portrayal of geologic processes so that data may be more 
effectively conveyed to the practical user. 

In keeping with the third objective of the program stated above, 
this paper is designed to explain geologic hazard concepts that have 
evolved in the completion of investigations conducted by the Department 
to date. The selected concepts are basic to the discipline and are not 
products unique to this agency. Rather they.are a selection and refine­
ment of countless geologic hazard concepts developing in many disciplines 
and institutions throughout the State and the nation. They are adopted 
here owing to their unique applicability to Oregon. 

Because of its varied relief, youthful topography, and highly var­
iable bed rock, Oregon has a considerably wider array of geologic hazards 
than many other states have. The geologic hazards and factors producing 
them can be properly addressed only with a systematic and knowledgeable 
study of the bed rock. Accordingly, a review of the geology of an area 
with the emphasis on engineering properties of geologic units is an inte­
gral part of all geologic hazards investigations conducted by the Depart­
ment. 

Geologic Units 

General 

In Department reports summarlzlng geologic hazards investigations, 
discussion of geologic units is provided to (1) document and explain 

41 



information on geologic maps, (2) aid in geologic hazard interpretation, 
and (3) systematically relate geologic units to other sections of the 
report. 

Geologic units are distinguished primarily on the basis of rock type 
and, to a lesser extent, by other physical properties, distribution, topo­
graphic setting, and age. Generally, each geologic unit possesses a u­
nique association of engineering properties that can be summarized in 
table form (Table 1). 

Interpretation of the regional distribution of specific geologic 
hazards is based in part on (1) identification of the causes of the 
hazard, (2) relation of causes to engineering properties of rock units, 
and (3) delineation of the distribution of pertinent engineering prop­
erties through an understanding of the geology. Extrapolation of infor­
mation from a given area to other areas follows a similar procedure. 

Bedrock structure is briefly discussed in Department environmental 
reports to (1) document interpreted distribution of rock units, and 
(2) allow more· accurate interpretation of hazard distribution and po­
tential. Generally speaking, most traditional geologic mapping is aimed 
at interpretation of rock genesis. The manner of origin of the rock, in 
turn, is accurately reflected in its composition and texture and there­
fore in its engineering properties. Because of this coincidence, it is 
possible to adopt the major rock categories recognized by traditional 
geologic efforts as also the major engineering categories for preliminary 
assessments in a region. 

Surficial geologic units 

Surficial geologic units are unconsolidated, relatively thin stream 
deposits overlying bed rock. Major landforms are flood plains, terraces, 
and alluvial fans. 

Volcanic and sedimentary geologic units 

Volcanic and sedimentary geologic units include a variety of consol­
idated rock units that (1) underlie surficial units where they are present, 
(2) are to some extent folded and faulted, and (3) do not display metamor­
phic features. In addition, they do not include intrusive igneous rocks. 
These highly varied volcanic and sedimentary rocks have a wide range of 
engineering properties and associated hazards. 

Metamorphic geologic units 

Metamorphic rocks are rocks derived from preexisting rocks by tem­
perature or pressure.extremes beneath the zone of weathering. Metamorphic 
rocks display different mineralogic and structural characteristics than do 
their parent rocks and are generally very hard and jointed to give angular 
chips and slabs. Some metamorphic rocks are strongly foliate; that is, 
they possess closely spaced parallel planes of structural weakness re­
sulting from metamorphism. 

Intrusive geologic rock units 

Intrusive rocks are rocks emplaced as a unit into preexisting rocks. 
Subsequent erosion exposes them at the earth's surface. Most intrusive 
rocks are igneous and are characterized by massive ·textures. Intrusive 
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Surficial uni ts 

Volcanic units 

Sedimentary units 

Intrusive units 

Metamorphic units 

Table 1. Typical matrix of engineering properties and geologic units 

rocks of nonigneous origin (e.g. serpentinite) generally possess planar 
fabric. The specific manner of emplacement of intrusive rocks strongly 
influences their engineering properties. 

Bedrock structure 

A final consideration in the grouping of rock types is the influence 
of structure (folds and faults) in tne land management behavior of rock 
units. Thus, normally competent rocks may behave incompetently in sheared 
zones. Commonly an additional category of rocks (sheared rocks) must be 
addressed on the matrix (Table 1). Development of a grouping scheme which 
addresses all types of rock behavior is a useful tool in extrapolation 
techniques. 

Geologic Hazards 

Genera 1 

Accomodation of orderly development while insuring public health, 
safety, and welfare is difficult and complex. The complexity, however, 
is greatly reduced where an understanding of the natural characteristics 
of the land, the processes that shape it, and the geologic hazards that 
threaten it is rationally applied in guiding growth. Surficial geologic 
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hazards of concern to the planner include mass movement, slope erosion, 
stream flooding, stream erosion, and stream deposition. Each hazard is 
characterized by unique distribution, causes, and ranges of impacts. Re­
commentations for treatment or mitigation of geologic hazards should be 
flexible to allow for variations in physical, social, political, and 
economic settings. 

Mass movement 

General: Mass movement is the movement of rock or soil material 
downslope in response to gravity. Table 2 summarizes several kinds of 
mass movement occurring in Oregon. 

Causes: Mass movement occurs on slopes where the downslope compo­
nent of gravity exceeds shear resistance. In areas of sliding, potential 
sliding, low cutbank stability, or hazardous slopes, the activities of 
man should be controlled to assure that the downslope component of gravity 
is minimized and that shear resistance is maximized. 

Downslo e ravit com onents: Weight of the regolith {weathered 
rock and soil above bed rock column is increased by the placement of 
fill for road construction or other purposes, saturation during winter 
rains, and artificial obstruction of surface and shallow subsurface run­
off with improperly designed roads, poorly located dwellings, and other 
developments. 

Models of slope failure presuppose that the weight of the regolith 
column is perpendicular to the earth's surface. Where nearby blasting 
or seismicity is a factor, a horizontal component of acceleration is 
introduced along with the vertical gravity component. The resulting in­
clined direction of acceleration has the same effect from an engineering 
standpoint as does steepening of the slope. Also to be considered are 
disaggregations and consequent loss of strength of regolith by blasting. 

Shear resistance: Under saturated conditions, soil particles are 
buoyed, thereby reducing internal friction and shear resistance. Where 
soil water is increased to the point of saturation by rainfall, drainage 
interference, or blocking of springs, shear resistance decreases and po­
tential for sliding increases. Under conditions of heavy rain, infiltra­
tion may exceed the rate of shallow subsurface drainage so that the liquid 
limit of the soil is actually exceeded (Campbell, 1975). Debris flows in 
colluvial (earth material transported by mass movement rather than by 
running water) pockets over impermeable bed rock may result. 

Cohesion, the bonding attraction of soil particles, varies with soil 
type and water content. Silts have low cohesion when dry, moderate co­
hesion when wet, and no cohesion when saturated. Clay-rich soils gener­
ally accomodate large quantities of water before reaching their liquid 
limit. Slow moving landslides or expanding soils result. 

Root support by trees is now recognized as a primary agent of sta­
bility in colluvial areas on steeply sloping terrain. Root support de­
clines rapidly after logging, and many slides in logged areas are at­
tributed to the loss of root support through root decay. In wooded areas 
it is doubtful, however, that increased soil moisture associated with 
logging has a measurable impact on slope stability. 

Distribution: Interpretation of mass movement on geologic hazards 
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maps produced during Department studies is based upon field reconnaissance, 
topographic analysis, consideration of slide mechanics, and aerial photo­
graphic analysis. More refined delineation is costlier and requires more 
detailed field work, larger scale photographs, and larger map scale. Lo­
cally, remote sensing, geophysics, and monitoring are sometimes appropriate 
in highly critical areas. 

Planners are concerned with existing landslides and, in addition, with 
the prevention of future slides. These may be viewed in two categories. 
Cutbank failures result from improperly engineered cuts and generally can 
be avoided by adhering to the provisions of the Uniform Building Code. 
Critical features such as jointing, bedding, clay content, and subsurface 
flow, however, present special problems. The second category of future 
slides encompasses slides that will be initiated by natural or artificial 
means other than cuts including overloading, changes of drainage, and re­
moval of vegetation. Interpretation of slide potential is based primarily 
on the discussion of slide causes. 

The distribution of present mass movement features is easily presented 
on geologic hazards maps. Further mapping of areas of future mass movement 
can be accomplished on a regional basis using overlays of slope, critical 
topographic features, and rock type. More detailed maps of local extent 
can be generated using detailed plotting of engineering features contrib­
uting to sliding in each of the geologic rock units. 

Impacts: Impacts of mass movement are variable with the type of mass 
movement being considered (Figures 1 and 2). Deep bedrock failures (Fig­
ure 3) are either active or inactive and have associated with them irreg­
ular ground-water and drainage conditions, highly variable foundation 
strengths and cutbank stabilities, and secondary slides in eroding areas. 

Earthflow and slump topography are associated with poor drainage, 
shallow subsurface flow of ground water, and the possibility of ongoing 
movement which can destroy man-made structures including roads, homes, 
and other buildings. In addition, active earthflows leading into streams 
adversely impact water quality. 

Debris flows (Figures 4 and 5) and debris avalanches (Figure 6) gen­
erally occur in uninhabited areas and therefore pose their greatest threats 
to water quality and the forestry resource. Logging roads are particularly 
subject to damage. Other impacts include loss of topsoil, which in extreme 
instances also reduces water retention capabilities of regolith. This may 
contribute to increased storm runoff in places. 

Rockfall and rockslide are minor hazards in most areas, but they pose 
threats to hikers and motorists in more steeply sloping terrain. Rolling 
rocks in areas of high relief occasionally travel considerable distances 
beyond the bases of slopes from which they were derived. 

Slope erosion 

General: Slope erosion is the removal of soil or weathered bed rock 
by sheet wash (no conspicuous channels), rill erosion (numerous small riv­
ulets), or gully erosion (larger, more permanent channels). It does not 
include erosion through larger channels between slopes, stream bank erosion, 
or mass movement, although these are sometimes grouped together in re­
gional analyses of soil loss. Dominant factors controlling slope erosion 
are land use, land cover, slope, soil type, and rainfall intensity (Fig­
ure 7). 
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Figur>e 1. Coastal eMsion 
alld associated landslide;; 
su.ch cs thene at Cape 
Blanco thl'eaten several 
coastal communities (Beau.­
lieu and Hughes , 1976) . 
(Photo courtesy Or>egon 
Highway Division) 

Figure 2. SZide at Catching Slough inlet in Coos County during 1974 
flood is typicaZ of damage inflicted on Oregon roads by geologic 
hazal'ds (Beaulieu and Hughes, 197:)) . (Photo courtesy The World) 
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Pigu:re J. 
viLle 

Deep bedrock faiZu:re neal" Lola Pass is 
aZide which claimed nine livea in 1974 

sinilar to Canyon ­
(Beaulieu. 1974) . 

Figul"6 4 . Debl"ia flows enr:mating from steep terrain destroyed part 
Of Union Pacific raiZway near ~leton in winter of 1964-1965 
(Schlicker and Deacon. 1974) . (Photo cou:rtesy SiuslalJ News) 
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Fiaw'c S. Dobl'i/J flows in Portland Ql'6 typicalZy UM:lZZ but hiBtOI'­
icalZy I1wnCJ'OU8 and tl'OubleIJome (Ol'egon Depal·tmont of Geology 
and MillCl'al InduIJtl'ien . 19'10) . 
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f'igw'e 6 , Debl'iu av­
alanCI168 Bueh au 
this one in Bteep 
teJ'l'ain aloPI{] the 
South Fork of the 
Coquille River' com­
monly.expo8e bed 
rock (Beaulieu awi 
Hughec. 1975) . 



Figure '1 . Areao ouch as this 
i n W6stel"! CW'l'Y County 
when o:qx;oed by m:lSS move ­
ment al'O corrmonZy sites 
oj" DoveN sZope erosion 
(BeauUeu and Hughes, 19'16) . 

Soil eros i on i s extremel y sensitive to s lope gradient and mode rate ly 
sensitive to s lope length. The slope intensity factor is greates t in 
mountainous area s and along steep valley s ides . It is leas t in flat 
bottoml ands. 

So i l erodibility varies greatly with l and use and so il cover. Where 
sediment yield rates have been measured, they provide a good gene ral guide 
to s l ope erosion but should not be confused with actual so il l oss (Wisch­
me ier , 1976) . Sediment yield studies do not mea sure foot s10pe depos ition 
and other local forms of deposition whi ch capture much of the eroded ma­
terial before it ever reaches the s treams being monito red. Actual so il 
loss i s always greater than measured sediment y ield. 

In Cal i fornia, Knott (1973) demons trates that the convers ion of wood­
land to intensive agriculture and cons truction increases sediment yield s 
by 65 to 85 times . Yorke and Davis (1971 ) record a gO-fold increase in 
sedimentation during conversion of pasture1and to townhou ses i n a sma ll 
watershed in Maryland. In the H.J. Andrews Experimental Fores t, uncon­
trolled clea r cut logging increased rates of sedi me ntation 67 times ; and 
Anderson (1971) reports similar results in a similar s tudy in Califo r ni a. 
Langbein and Schumm (1958) determine that for areas of greater than 40 
inches annual effecti ve precipitation , the sed iment yield rate under 
na t ural vegetation i s approximately 200 cubic mete rs per kilometer pe r 
year (about 1,500 tons per square mi le). For area s having l ower ra"infall, 
the sediment yi eld is greater because of the decrea se in protective cover 
offered by natural vegetation . These figures apply to land in the natural 
s tate; erosion in agricultural or const ructi on area s is much higher. 

So i l erosion is also a function of 
s ize , and organic content of t he soil. 
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marily of silt and fine-grained sand are easily eroded. On steeper 
slopes, very shallow depths to bed rock increase soil erosion because of 
decreased infiltration and increased runoff. 

Methods of study: Many of the diverse factors controlling soil ero­
sion are brought together in the Universal Soil Loss Equation developed 
by the U.S. Department of Agriculture (1972): 

A = RKLSCP 

A refers to annual soil loss in tons per acre, R is the rainfall intensity 
factor, K is a measure of soil erodibility, LS is a slope intensity factor 
which considers slope gradient and slope length, C is the land cover and 
land use factor, and P is a factor of conservation practices. Until very 
recently, empirical data used in deriving the equation were based en­
tirely on studies of flat to gently sloping agricultural land. Land use 
figures are now extended to consider nonagricultural uses. 

Figures for steeper slopes are extrapolated beyond the range of em­
pirical data and are used only for speculative estimates. In practice, 
mass movement processes are a greater concern on more steeply sloping 
terrain. The Universal Soil Loss Equation, however, is appropriate for 
estimating soil losses for particular parcels of land and gives good re­
sults within broad limits for gently sloping terrain (Williams and Berndt, 
1972) . 

Additional techniques for estimating slope erosion potential on a 
more regional basis are also available. In a manner similar to the anal­
ysis of mass movement in Table 2, a series of pertinent overlays can be 
developed for a region and a series of erosion potential provinces can be 
defined. These can then be related to existing erosion data and monitor 
information to produce relative measures of erosion or actual semiquanti­
tative estimates of erosion. Identification of erosion potential pro­
vinces also allows the projection of erosion data from one locality to 
other areas of similar nature. The erosion province method of analysis 
is appropriate for regional assessments of erosion potential and sedi­
mentation potential in gently to moderately sloping terrain. 

Impacts: Severe slope erosion removes valuable topsoil and may form 
gullies, damage landscapes, and hinder revegetation. Where allowed to 
continue to extreme conditions, it may also result in more rapid storm 
runoff . 

Soil material carried to streams may adversely impact stream biology 
and cause greater flooding by raising the stream beds. Although increased 
turbidity is also an adverse impact of slope erosion, it is largely the 
result of mass movement and stream bank erosion. 

Flooding 

Causes: Flooding is caused by large increases in discharge or by 
natural or man-caused modifications of the channel. The Manning Equa­
tion of stream discharge provides a systematic basis for reviewing the 
causes of stream flooding and for qualitatively predicting impacts of 
various possible channel modifications: 

Q = 1.486 AR2/3S 1/2 
n 
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Q is discharge (cfs), n is channel roughness, A is cross-sectional area 
of the channel, R is hydraulic radius (A divided by the wetted perimeter), 
and S is slope (gradient) of the stream. Flooding is caused by increasing 
Q or by holding Q constant and modifying factors on the right side of the 
equation to generate compensating increases in depth. 

Natural flooding is caused by heavy orographic rainfall, rapid snow­
melt, low infiltration rates, steep slopes, and steep gradients. Most 
floods on local streams crest shortly after peak precipitation; floods 
on larger streams show greater delay. An additional potential cause of 
flooding is the impoundment and sudden release of waters behind landslide 
dams. 

Land use can influence local flooding by altering surface water res­
idence times and infiltration rates. Urbanization greatly increases peak 
flow and total runoff (Seaburn, 1969; Knott, 1973). In logging areas, 
road construction decreases regional infiltration and intercepts shallow 
subsurface flow to produce increases in peak flow (Harr and others, 1975). 
A variety of modeling procedures are available for predicting runoff in 
areas of changing land use and should be incorporated into storm sewer 
design. 

The impact of logging on stream flooding varies with type of tree, 
soil, and climate but appears to be minimal in most instances. In the 
Alsea drainage (Harris, 1977) and the H.J. Andrews Experimental Forest 
(Rothacher, 1970), no increase in peak flows with logging is noted. 
Changes in channel geometry and the manner of flood water conveyance 
through lowlands outside logged watersheds has been little investigated. 

A beneficial impact of logging in many areas is increased summer 
streamflow when the need is greatest. Removal of conifers under ideal 
conditions of soil thickness and climate reduced summer evapotranspi­
ration by approximately 18 inches in the H.J. Andrews Experimental For­
est (Rothacher, 1970). As a result, summer streamflow after loggi~g in­
creased 30 percent (Moore, 1966). In regions of drier climate, thinner 
soils, and less uniform original conifer cover, the beneficial impact is 
less dramatic. In the Ochoco Mountains, for example, evapotranspiration 
was reduced by 2 inches and resulted in slightly increased stream flow 
(Berndt and Swank, 1970). 

If discharge Q is held constant, flooding may be caused by modifi­
cations of the cross-sectional area A or slope S. Thus, artificial fill, 
other artificial obstructions (roads, bridges, structures), gravel and 
silt deposits, and natural channel obstructions such as log jams may con­
tribute to flood potential. The Flood Insurance Act of 1968, adminis­
tered by the U.S. Department of Housing and Urban Development, and Goal 7 
of the Land Conservation and Development Commission regulate obstructions 
in the floodway. Placing of fill in channels is regulated by the U.S. 
Army Corps of Engineers and the Division of State Lands. 

Slope S is influenced by aggradation and channel modifications. If 
slope is decreased, cross-sectional area (and therefore, depth) must be 
increased accordingly to accommodate a given discharge. 

Impacts of channel modifications for the purposes of flood control, 
aggregate removal, or erosion control depend on the specific conditions 
at a given site. Thus, channel restrictions in some parts of a stream 
may aggravate flooding whereas constrictions elsewhere may have no sig­
nificant impact on flooding. Likewise, channel modifications may be 
justified to minimize flooding or stream bank erosion elsewhere. 

52 



Stream erosion and deposition 

General: Much planning and designing of channel modifications em­
phasize the water aspects of the total stream system. Equally important, 
but often neglected, are sediment load and a variety of transient stream 
parameters including width, depth, channel roughness, and channel layout. 
Changes in anyone of these leads to changes in one or more of the others. 

Larger particles in stream beds, including boulders, pebbles, and 
coarse sand grains that are moved by rolling, sliding, and bouncing, con­
stitute the bed load. The capacity of a stream to transport bed load is 
determined by channel geometry, volume of discharge, and velocity. Smaller 
particles, including fine sand, silt, and clay, generally are transported 
in suspension. The volume of suspended load is controlled primarily by 
runoff and slope erosion. This aspect of sediment transport is particu­
larly significant in terms of water quality management. Medium-grained 
sand can be carried in suspension under extreme conditions of velocity 
and turbulence. 

Torrential flood channels: Torrential flood channels are most pre­
valent in mountainous terrain, where slopes are characteristically steep 
and infiltration rates are low. Areas of recent torrential flooding are 
easily recognized on the basis of scoured, unvegetated creek bottoms and 
coarse, poorly sorted stream bed deposits. Where vegetation has reclaimed 
the channel, recognition is based upon indirect features including steep 
side slopes, steep gradients, impermeable bed rock, narrow stream channels, 
and the absence of a flood plain. Torrential flood channels pass down­
stream into topographically more mature channels with flood plains. 

Because torrential flood channels are generally cut in bed rock, 
they are unable to adjust to rapid changes in discharge by channel modi­
fication. Instead, depth and velocity increase sharply during times of 
high flow. Consequently, torrential floods are highly erosive and com­
monly destroy artificial obstructions in the channel such as bridge abut­
ments and road fill. Where torrential flood channels spill into flat ter­
rain, rubble and debris fans may quickly bury roads or clog culverts (Fig­
ure 8). 

Concentrations of suspended sediment during torrential floods are 
commonly high. Under extreme conditions of slope erosion and rainfall, 
torrential stream channels may transport flowing mud and debris rather 
than water (Beverage and Culbertson, 1964). 

Lowland flood channels: Gentler gradients, broader valleys, and the 
greater capacity to modify channel geometry in response to rapidly fluc­
tuating discharge are characteristics which distinguish flood plain stream 
channels from torrential flood channels (Figure 9). Short-term variations 
in depth and velocity are less extreme in these channels, but long-term 
changes in width, depth, and layout are more variable in response to slope, 
discharge, and bed load. Stream meandering (flow along a curved sinuous 
channel) and stream braiding (flow along several channels) in flood plains 
are subjects of considerable research but still are incompletely under­
stood. 

Erosion in flood plains is restricted primarily to channels, outer 
bends of meanders, and cutoff channels that develop during times of flood­
ing. Stream deposition includes not only the deposition of silt and clay 
from relatively slow moving overbank flood waters but also the formation 
of bars in channels, on the inner bends of meanders, and behind obstruc-
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8. TOl'Nmtial Flood 
channels al'e chal'O.cter>ized 
by channel scow' in high 
gl'adiel!t segments and r>ap­
id deposition at foot of 
mountainous areas in 
westel'?1 Cw'l'Y COWlty 
(Beaulieu and Hughes~ 1976) . 

Figw·e 9 , Lowland flooding of WiUamette River is typiool of floods that 
inflict $20 mittion losses aml!4aUy in Oregon (Oregon Department of 
Geology and Miner>al Industries , 1970) . 

54 



tions such as snags. Stream erosion and deposition operate in harmony to 
modify the stream channel. Sediment supplied by stream bank erosion is 
deposited as bars farther downstream. Bars, in turn, redirect stream­
flow against river banks downstream to cause additional stream bank ero­
sion. 

Con c 1 u s ion 

Regional investigations of surficial geologic hazards have been con­
ducted by the Department in Tillamook, Clatsop, Lincoln, Coos, Douglas, 
Curry, Jackson, Hood River, Wasco, Sherman, Linn, Marion, and Washington 
Counties. Selection of concepts used in the successive investigations 
has been a balanced consideration of (1) the need for technical accuracy, 
(2) the need of information useful for a wide variety of persons, and 
(3) the fundamental place of geology in the geologic hazards of Oregon. 
In future projects the Department will continue to draw upon the experi­
ence of others and produce documents useful to a wide spectrum of persons 
and agencies in need of geologic hazard information. 
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* * * * * 
CORRECTION 

In the article "Oil and Gas Exploration in 1977" (ORE BIN, January 1978) 
page 19, paragraph two, line 11, which reads "60 MCF/D (1,000 cu ft/day)", 
should instead read "60 MCF/D (60,000 cu ft/day)". 

* * * * * 

ENGINEERING GEOLOGY SYMPOSIUM TO BE HELD AT PSU 

A symposium "The Practice of Engineering Geology in Oregon - Techniques 
and Legalities" will be held March 18, Earth Science Department, Cramer 
Hall, Portland State University, Portland. The symposium. sponsored 
by the Oregon section of the Association of Engineering Geologists and co­
sponsored by the Oregon Department of Geology and Mineral Industries and 
Portland State University, will focus on current techniques and practices 
of engineering geology in Oregon, the position of engineering geology with­
in the framework of land use planning requirements, and registration of 
geologists and engineering geologists. 

Cost of registration is $26 and includes registration, luncheon, and 
symposium papers in published form. Student registration is $10 (not in­
cluding luncheon). Preregistration prior to March 11, 1978, is $22: For 
more information or preregistration contact Rick Kent, AEG, 19443 Wllder­
ness Drive, West Linn, Oregon 97068. 
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THE GOLDEN YEARS OF EASTERN OREGON * 
By Miles F. Potter and Harold McCall 

*Reprinted by popular request from the June 1968 ORE BIN 

This pictorial article is an abstract of the authors' book, "Oregon's 
Golden Years," published by Caxton Publishing Company, Caldwell, 
Idaho, in 1976. The book is already in its third printing. 

The article and accompanying pictures remind us of a commonly 
forgotten fact: The di scovery of go Id in eastern Oregon had a tremen­
dous impact on the economy and deve lopment of the entire region, 
and this impact is sti II being felt more than a century later. 

Gold mining was also the mainstay of southwestern Oregon's 
early economy and played an equally significant role in the develop­
ment of that area. 

Mr. Potter is a long-time resident of eastern Oregon and an am­
ateur historian of some of the early gold camps in Grant and Baker 
Counties. Mr. McCall, a photographer in Oregon City, has a keen 
interest in the history of gold mining. The two worked together for 
a number of years to assemble photographs and data from many sources 
for their book. 

Prior to the start of the Civil War in 1861, the early pioneer wagon 
trains which traversed the Oregon Country east of The Dalles did not tarry. 
Instead, they rolled ever westward through eastern Oregon's vast wilder­
ness over the dusty ribbon of the Oregon Trail to the comparative safety and 
more alluring market area of the Willamette Valley. Contributing to this 
westward push was a mi Ii tary order by General Wool discouraging settle­
ment in the eastern area by immigrants, or "whites," other than Hudson Bay 
men and miners [provided that the miners did not molest the Indians and 
their squaws] . 

The story of the early settlement of eastern Oregon owes its existence 
to a particular wagon train known today as the "lost wagon train of 1845" 
-- so named because its members took an i II-advised short cut through 
east-central Oregon and lost their way during the process. While they 
were hunting for the short cut they made a reported discovery of gold some­
where along their route -- a report that resulted quickly in the legend of 
the Blue Bucket mine. 

This legend of the Blue Bucket mine is the reason a party of miners was 
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Index map of Oregon, showing transportation points along the 
Columbia River and gold-mining centers in Baker and Grant Counties 

in eastern Oregon 16 years later when the Civil War was in progress. The 
miners had set out to look for the Blue Bucket, but ended up making a dem­
onstrable discovery of gold in their own right. The place: Griffin Gulch, 
in what is now Baker County. The date: October 1861. 

Display of the Griffin Gulch gold in Portland under a large banner say­
ing "The First Gold Discovered in Eastern Oregon" gave rise to a cry that 
spread like fire in a strong wind. Another discovery of gold on Canyon 
Creek, in what is now Grant County, in 1862 and an almost simultaneous 
discovery of the yellow metal near Lewiston, Idaho, started a stampede of 
thousands of prospectors, miners, merchants, gamblers, and camp followers. 
Also in the same year, 1862, Congress passed the Homestead Act. Thus 
many farmers joined the rush, knowing that the mining industries would fur­
nish a market for their products. 

During the years immediately following the Griffin Gulch discovery, and 
indeed for a period of several decades thereafter, gold mining served to 
stimulate settlement and the establishment of a diversity of related business 
activities. For instance, even in 1862 steamers out of San Francisco head­
ing north for Portland were sold out weeks ahead of time, and on one trip 
in that year the steamer "Brother Jonathan" landed more than a thousand 
people on the docks in Portland. Other shipping records show that 24,500 
persons traveled up the Columbia River by boat in 1862. Another 22,000 
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About 800 people li ved in Portland when this picture of Front Street was token in 
1852. Ten yeon later, when the gold stampede got under woy, the popu lation was 
around 2900, yet during the opening 3-yeor period of the gold rudl it is est imated 
that 82,000 people passed through Portlond en rou te to the gold fields in eastern 
Oregon and Idaho. (Oregon Historical Society photograph) 

The portage at the Cascades in l MI (now known as Cascade l ocks) was 6 miles long. 
When steamers from Portland un loaded their up-ri ver freight at the Cascades for trans­
port over the portage during the gold rush, the mule- drawn flat cars were so slaw that 
fr e igh t sometimes pi led up for doys before it cou ld be loaded onto steamers above the 
rapids for transfer to The Dalles. (Oregon Historical Society photograph) 



made the passage in 1863 and 36,000 more did so in 1864 -- all following 
the rainbow to the pot of gold. 

The river boats belonged to the Oregon Steam Navigation Co. and oper­
ated originally between Portland and The Dalles, with a portage around 
the Cascade Rapids. Horse-drawn drays in Portland at ti mes wai ted for 24 
hours with baggage and supplies to be loaded on the up-river steamers, and 
so great was the traffi c at Cascade Rapids that the portage was frequently 
blocked for days. In fact, steamer records show that 46,000 head of cattle 
were shipped up river along with additional thousands of horses, mules, hogs, 
and sheep during the first eight months of 1862. 

At the outset, and with no competition, transportation costs on the riv­
er to The Dalles varied between 540 and $50 per ton. The passenger fare 
was 520 with meals extra. The freight on a dozen brooms was a dollar and 
it was not until 1869, when a trail was opened through the Gorge for cattle 
and pack trains, that rates were greatly reduced. 

The Dalles was the original jumping-off place and the outfitting head­
quarters for all of what became known as the eastern Oregon gold belt-­
an area that is today recognized as extending in a northeasterly direction 
from the vicinity of Canyon City on the west to the Snake River on the east. 
The Dalles also served as the "last stop" for the mining camps in Idaho. 
Nearly every group of men had to outfit there; and 5150 was the accepted 
price for a good mule during at least some of the period. Block-Miller & 
Co. became for a time the largest general merchandise store in the state 
and also the leading buyer of gold, averaging 550,000 a month in purchases 
between 1861 and 1863. 

People and supplies heading out from The Dalles to the Oregon gold fields 
followed one of two routes: either the mi litary road or the Oregon Trai I. 
Those headed for Upper Town (now Canyon City) and for Lower Town (now 
John Day) moved over the old mi litary trai I. In 1862 this was merely a 
blazed line over much of the route. However, by 1864 it became a road 
of sorts with a regular stage schedule and relay stops along the way over a 
distance of 177 miles. The stage trip was made in the fast time of 39 hours. 
Freight charges averaged around 55 cents a pound. The charge for the first 
few shipments of gold carried by pack train was equal to 3 percent of the 
weight of the shipment; that is, 3 ounces of gold for every hundred shipped. 

The Oregon Trai I served as the route from The Dalles to the gold mines 
in the Auburn area. By 1863 Wells-Fargo was operating along this route 
as well as out of Canyon City. However, during 1863 a 15-mile portage 
road was built around Celilo Falls, after which another group of boats was 
put in service to ply the upper waters of the Columbia and Snake Rivers as 
far as Lewiston, Idaho. Thus, in 1863, Umati Iia Landi ng became the port 
for shipments to the Auburn area, shortening the distance overland from 
The Dalles to around 150 miles. Gillette (1904) reported that on just one 
trip up river from Celilo to Lewiston the steamer "Tenino" took in 518,000 
from passengers, freight, meals, and berths. By 1865 there were 14 steamers 
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This small engine, on di$play a t tile Union Sta tion in Portland, was named "The Pony." 
It wos built in Son Froncisco, then shipped to the Cascodes in 1862 to help speed up 
the traffic over the portage. The rail$ were mode of wood covered with strop iron. 
Thi s was Oregon's first railraod . (Oregon Historical Society pho tograph) 

The Dall es was the jumping - off place and lost outfitt ing headquarters for the gold­
seekers heading east, and the "Harvest Queen" pictured here was one of several 
boots plying the river between the Cascode portage and The Dalles. The famous 
Umatilla House is in the background. Mr:xe money reportedly passed over its bar 
during this period than over any other bar in Oregon. Block Mil ler & Co., general 
hardware merchants, are said to have purchased on overage of S5O,000 in gold each 
month over a period of 3 years. (Oregon Histr:xical Society photograph) 



operating up river from Celilo Falls and between there and Lewiston, Idaho, 
the traffic reportedly became so great that the boats paid for themselves in 
a few months. 

Not all traffic flowed eastward during the 1860's. Instead, the surface 
and placer mining was funneling millions of dollars in gold westward over 
the trails to The Dalles and thence down river by boat to Portland and from 
there to San Francisco by either ocean steamer or overland express. Lind­
gren (1901, p. 717) estimated that Canyon Creek in Grant County pro­
duced between three to five million dollars a year up to 1865. Following 
this there was a gradual decline, as the richest of the easiest-to-mine plac­
ers became worked out. Even so, Raymond (1870, p. 224) estimated that 
production in 1865 averaged around $22,000 a week, or more than one mil­
lion dollars per year. 

The flow of gold from the Auburn area presumably moved at a simi lar rate 
as that from Canyon City. In any event, the river steamer "Julia" carried 
$100,000 worth of gold dust down river to Portland on April 28, 1862, and 
the "Carrie Ladd", followed with a $175,000 shipment on May 20 and an­
other worth $200,000 on June 25. 

As for ocean-going steamers, other records show the "Tenino," another 
vessel with the same name as the river boat mentioned earlier, carried a 
$200,000 gold shipment from Portland to San Francisco August 5, 1862. 
On October 27 of the same year the "Sierra Nevada" carried a half­
million dollar shipment. During 1863, on three trips the "Sierra Nevada" 
transported an additional total of slightly more than $931,000 worth of dust. 
The "Brother Jonathan," also on three trips, conveyed in excess of one 
million and on one trip, December 4, the "Oregon" is credited with a ship­
mentvalued at $750,000. During 1864, these same steamers, plus the 
"John L. Stephens" and the "Pacific," carried gold cargoes totaling some­
what over $3,100,000 in value, and it is to be borne in mind that these 
records are without doubt quite incomplete. The reader should also remem­
ber that these values represent the old $20.67 price for gold which prevailed 
at the time, and not the present $35 per ounce price. 

Some gold, of course, traveled by overland stages to San Francisco; 
available records for shipments of bullion from Portland by way of Wells 
Fargo Express are as follows: 

For 1864 
For 1865 
For 1866 
For 1867 

$6,200,000 
$5,800,000 
$5,400,000 
$4,001,000 

All told, from 1861 to 1867 the Northwest produced $140,000,000 in 
gold, whi Ie during the same period California produced $210,000,000, ac­
cording to figures cited in "The History of Oregon" by Harvey Scott. This 
production went a long way towards bolstering the economy of our govern­
ment during the Civil War. 

(Text continued on page 70 ) 
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The difficulties of the portoge above The Dalles and post Celilo Foils were lessened 
by the construction in 1863 of the IS-mile narrow-gauge "portoge" railroad. Built 
on the Oregon side of the Columbia River at a reported cost of S5O,000 per mi Ie and 
in service until the 1880's, this railroad constituted an important link between the 
river boots plying the Columbia between Cascade locks and The Dalles and those 
plying the up-river run from Celilo ta Umatilla landing and lewiston. (Oregon 
Historical Society photograph) 

The river steamer "Tenino," on the upper Columbia. With stops at Umatilla land­
ing, Wallu la, and lewiston, this vessel is credited with having taken in $18,000011 
one up-r iver trip in 1863. (Oregon Historical Society photograph) 



Bok~ City as it oppeored around 1867, or about one year after it become tne county 
seat of Boker County. Tne large, lmpoi nted buildi ng in the foreground served os the 
Court House and the reposi tory of Ihe county records removed from Auburn. Wi In 
Auburn on tne dec li ne, 8aker wen t on to become the Queen Cily in the eastern O re­
gon gold belt and the center for all neovy mining equipment. It even boosted a 
Chinatown popu loti on of more than 400 with its own stores and joss nouse before the 
end of the century. (Oregon Hi storical Soci e ty photograph No. 92) 

Bourne, once known as Crocker City, is situated 6 miles north of Sumpter 'on Crocker 
Creek and is surrounded by some of the best mining property in tne state -- the North 
Pole, E 8. E, Columbio, Golcondo, and mony other noted lode properties. Founded 
in 1890, Bourne soon hod a population of 1500, with 2 hotels, 4 saloons, 7 general 
stores, 2 newspopers, 3 restaurants . Today there are only a few summer cabins and 
some bui ldi ngs a t the E & E mine. New explorotion work has been under way in the 
area for several years; however , this, logether wi th increasing world_ide pressure 
for a raise in the price of gold, may give the o ld town a new leose on life. 



Miners ond muckers ot the Bononzo mine, 1894. Note use of WOll condles ond "single 
jocks" -- 4-povnd hommen used with hond-held drill steel. Discovered in 1877 by 
Jack Hoggard, the mine wos sold for $350 in 1879 to the Bononzo Mining Co. In 
1892 it wos purchosed by the Geiser Brothers, who took oul oboul $400,000 before 
selling il to the Pittsburg Mining Co. for $500,000. The mine was evenluolly worked 
to a depth of 1200 feet with 0 production estimated 01 approximalely 1-3/ 4 mil lion 
dollors 01 the o ld $20.67 per ounce price of gold. Geiser, 0 lown locoled ot the mine, 
boos ted 0 post office between J uly 15, 1898 ond J une 15, 1909. 

The old Potosi cobin near Windy Gop in the Greenhorn Mountoins, one of the oldesl 
mines in the Greenhorns. Neorby mines included the Ben Horrison, Morris, and the 
Bi - me tall ic. Pic ture token in J uly, 1917. Notice snow in background and snow ­
broken shakes olong eoves. Cobin is 0 1 on e levotion of 7000 fee t obove seo level. 



The small, bu t rich, Great Northern mine, "on the north side of Conyon Movntoin" 
neor Conyon City in Grant County, wos discovered by Ike Guker, sionding in the 
cen ter. Mon on right, standing on bonk, is Frank McBeon, o ld-l ime stoge driver 
10 Winnemucca. It is known that Guker let visilors pick nuggets and keep them. 
There was S65,OOO token from this lillie hole. The mine wos discovered as late as 
1897. 

The norrow-govge Sumpter Volley Roilroad's Tipton station, located between Whitney 
and Austin, was on ore~ipping station for the mines oround the town of Greenhorn 
during the fore port of the present century. The child in the picture is Dick Nokes, 
now ouistant monaging editor of the Oregonion. 



The bar in the Gem Soloon in Sumpter -- 0 swonky es tobli shment wh ich feo tured 0 

"Iody ()(chestro" during the opening decode of the present century. When norrow­
gouge roil service come in 1895, Sumpter was only a smo ll mining camp. By 1904, 
however, the popu lotion reoched 3500 with 0 payroll from the surrounding mines sup­
porting two bonks, 20 saloons, and the usuol contingen t of good managers, miners, 
ond loggers a long with the inev itab le red-li gh t district and its fo ll ow ing of gamblers, 
shyster promoters and other fast - buck choroclers -- all lookirlg for the "fi ck le goddess 
of f()(tune." 

Saloons were not the only impressive es tablishments in the mining towns 01 the turn 
of the century. As the rich plocer deposits become depleted, improved mining tech­
niques mode the SOVfce quar tz lodes increasing ly oltroct;ve torgets for development; 
hence, weolthy investors and mining engineers come to the gold fields from 011 over 
the world . Their offices, often adorned w ith the latest of furnishings, were the head­
quarters for many planning sessions of for-reochi ng consequence. 



",,,-,,,,_";3 _ _ 3 ." 

The Cornucopia mine, located 10 miles nor thwest of Halfway in Boker County, was 
for (I t ime one of the six largest gold mines in the Uni ted Siotes. II olso hod the 
longest con tinuous run of any mine in Oregon. Th ere were 36 mi les of tunnels and 
(I dep th of 3000 feet. The esti mated ou tput is $18 , 000,000 in combined go ld, sil ver , 
copper, and lead. Abou I 300 men were emp loyed during its heyday of opera tion in 
the la le 1930's. This picture obvious ly was token earli er , j f musloches ond bowlers 
ore any criterion. 

The dining room 01 the Cornucopia mine, sometime after 1922, when the company 
ins ta ll ed its generating plon t. This mine was in operotion about 50 yeors, ood before 
the 8-hour doy wen I in lo effec t the men worked 10 hours (I day, 7 doys (I week. 
Just think of the food that wos served over these tobles! 
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r Site of the old town of Auburn, locoled in Boker 
County sou th of G riffin Gu lch. Nothing remains 
of Auburn today except frogmenh of o ld foundations. 
The June 1940 issue of "Oregon Mining Review" 
sto les thot within 6 months after ils creation th e 
town hod 700 cobins, mony lenis, and stores, holels, 
and gamb ling houses. Between May and August of 
1872, obovi 1700 min ing claims were recorded in 
the vicinity. A post office was establi shed Nov. 1, 
1862. During that year Auburn become the seot of 
Boker County. If the report is true that Auburn hod 
c lose to 6000 i nhobi tants in 1862-1 863, it was for a 
time the largest town in O regon. 

t Henry Griffin, the man who started it all by discovering gold in Griffin Gulch in 
1861, ended up buried in a cemetery located near Auburn, with his nome m;sspelled 
on his headstone. (Oregon Historical Society photograph) 



That gold mining remained an exceedingly important factor in our local 
economy for many decades is well known. What seems to be too often over­
looked, however, is the part this mining played in the settlement of all of 
the country east of the Cascades. For instance, itwas not until the year 
1865 that Portland's population reached 6000 persons --about the reported 
size of Auburn in the winters of 1862 and 1863. Had it not been for the 
market the mi nes created, the settlement of eastern Oregon wou Id undoubt­
edly have occurred at a far slower rate. 
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U.S. DOUBLES EARTHQUAKE RESEARCH 

Earthquake research by the USGS will more than double this year. 
Direct appropriations for research on the reduction of earthquake 
hazards total $30 million for Fiscal Year 1978, an increase of 
$18 million over Fiscal Year 1977. 

The expanded program, aimed at mitigation of potential earth­
quake losses, is focused on the deve 1 opment of capabi 1 i ty to pre­
dict earthquakes, evaluation of the potential of large reservoirs 
to trigger earthquake activity, and evaluation of earthquake haz­
ards and risks in earthquake-prone regions. 

Robert M. Hamilton, chief, Office of Earthquake Studies, USGS 
National Center, Reston, Va., says that the increase in the earth­
quake research budget reflects heightened concern over the poten­
tially disastrous consequences of future major earthquakes in the 
United States. "Areas such as the Pacific Coast, Alaska, and the 
Mississippi and St. Lawrence river valleys that have experienced 
destructive earthquakes in the past will experience more in the 
future. Moreover, the increased development and growth in these 
areas have increased greatly the potential for future injury and 
destruction," Hamilton explains. 

The Earthquake Hazards Reduction Act of 1977, which recog­
nizes the major roles to be undertaken by the U.S. Geological 
Survey and the National Science Foundation, directs the estab­
lishment of a National Earthquake Hazards Reduction Program and 
authorizes direct appropriation to the two agencies. The Act 
also provides for the development of an implementation plan to pro­
vide for the optimum use of the research results through land use 
planning, design criteria, building specifications and standards, 
evaluations of scientific predictions, and warnings to residents. 

The combination of research elements by the USGS and the 
National Science Foundation to provide for balance in the rapid 
expansion of the earthquake program is based, in large part, on 
a comprehensive study by an advisory group organized by the Science 
Advisor to the President. 

Among highlights of the expanded earthquake program are: 

• A major resurvey by spirit leveling of the southern Cali­
fornia uplift area, the so-called "Palmdale Bulge," is 
being conducted by crews from federal, state, and local 
agencies, with levelir~ being coordinated by the National 
Geodetic Survey, Nati~' 11 Oceanic and Atmospheric Admin­
istration . 

• Hazards evaluation, including seismological studies of 
both regional and local earthquake activity, and geologic 
investigations of faults, recent deformations of the 
earth's crust, landslides, and other forms of ground 
failure caused by earthquakes, will be focused on eight 
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major regions, each containing one or more urbanized 
areas and having an identified seismic risk. 

• Major investigations to evaluate hazards in central and 
southern California are being expanded, and hazard eval­
uation efforts are being augmented in the Puget Sound, 
Ogden-Salt Lake City-Provo, and southern coastal Alaska 
regions. 

• Somewhat over half the hazard evaluation effort is being 
concentrated in the western U.S.; but new or expanded 
earthquake studies are underway in major regions of the 
eastern U.S., where earthquakes of the 18th and 19th 
centuries could cause widespread destruction if they 
were to occur today. 

• Topical studies aimed at developing the capability to 
make reliable predictions of the time, place, and magni­
tude of future earthquakes will continue to focus on the 
seismically active parts of central and southern Cali­
fornia. 

Copies of "Earthquake Prediction and Hazard Mitigation: Options 
for USGS and NSF Programs; September 15, 1976," are available from 
the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402 for $1.90 each. 

* * * * * 

PET ROCK LOSES LIFE 

The Pet Rock belonging to Charles H. Hunt, Medford, Oregon, was 
killed in an accident March 7. Hunt had mailed Pet Rock to the 
Department for a pedigree, but as no note was found with the rock, 
it was assumed that a routine mineral identification, which re­
quired crushing of the sample, was to be conducted. Pet Rock was 
crushed, thereby losing his life. Portland Police do not plan 
to file charges. 

Pet Rock, a native of Alaska, was well rounded as a result 
of his extensive travels. Friends, viewing his body as it lay 
in state, said that his only real defect was a minor vein of cal­
cite and that although his surface was tarnished he had a heart 
of (fool's) gold. Pet Rock left a large number of sons and 
daughters as he passed from life. 

Hunt, informed of the tragedy by phone, took the news well. 
Burial took place immediately after the phone call. 

* * * * * 

THE POST OFFICE DOES NOT AUTOMATICALLY FORWARD all of your mail 
when you give notice of address change. To keep your ORE BIN 
coming, be sure the Department gets your new address. 
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1978 
PACIFIC NORTHWEST 
METALS & MINERALS 

CONFERENCE 

New 
Horizons 

In 
Metals and Minerals 

MAY 15-17, 1978 

HILTON CONVENTION CENTER 

921 S.W. Sixth Avenue 

Portland, Oregon 

SUNDAY - MAY 14 
Reglatr.tlon - Bro.dw.y Lobby - 5:00 - 8:00 p.m. 

MONDAY MORNING - MAY 15 9:00 •. m. 

"BENEFICATION AND PROCESSING 
OF PHOSPHATES" 

A. R. Rule, Chairman 

"Dry Beneficiation of Western Phosphates." F. Hamill, 
Alumet Co., Soda Springs, 10 

"Phosphoria leaching Mechanisms, Useful for Planning 
By-Product Recovery." J. Clements, K. Prisbrey, O. 
Wick, and J. Hartley, Univ. of Idaho, Moscow, 10 

"Flotation of Carbonate and Silicate Minerals From Partially 
Altered Rock." D. C. Dahlin, A. Rule, and A. J. Fer­
gus, Bureau of Mines, Albany, OR 

"Absorption of Depressants in the Collophane Calcite Sys­
tem." M. C. Fuerstenau, South Dakota School of 
Mines, Rapid City, SO 

"RARE METALS" 
G. J. Dooley and M. B. Siddall, Chairmen 

"Substitution of Titanium for Other Materials in Corrosive 
Environments." J. M. York and G. J. Dooley, Oregon 
Metallurgical Corp., Albany, OR 

"Perturbed Gamma-Ray Correlations - Applications to 
Hf-Zr Submicroscopic Structure." R. Rasera, Oregon 
State Univ., Physics Dept., Corvallis, OR 

"Application of Surface Techniques to Anodizing in Ti and 
AI Alloys." J. T. Grant, Univ. Energy Sys., Inc., Med­
way, OH, and T. W. Haas, AFMl, Wright-Patterson, 
OH 
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"METALS: RECENT DEVELOPMENTS" 
R. Blicker.sderfer, Chairman 

"Stainless Steel - A Multifaceted Material." D. C. Perry, 
Armco Steel Corp., Middletown, OH 

"High Yield Steels." D. C. little and P. M. Machmeier, 
General Dynamics, Fort Worth, TX 

"Metals Substitution - A Review of the ASM-OTA Meet­
ing." K. J. Sharma, SRI International, Menlo Park, CA 

"Hydrogen Embrittlement." N. S. Stoloff, Rensselaer 
Polytechnic Institute, Troy, NY 

WELCOMING LUNCH - 12:00 p.m. 
Keynote Speaker - Dr. Tom Falkie, Vice President, Ber­

wind Corp., Philadelphia, PA 

MONDAY A"ERNOON - 2:00 p.m. 

"NEW DEVELOPMENTS IN 
EXTRACTIVE METALLURGY" 

R. E. Siemens, Chairman 

"The Selective Reduction of Nickeliferous Ores In An 
Electric Furnace." D. Halter and M. A. Warnert, Han­
na Nickel Smelting Co., Riddle, OR 

"Solvent Extraction of Cobalt From Ammoniacal Laterite 
Leach Liquors." D. N. Nilsen, R. E. Siemens, S. C. 
Rhoads, Bureau of Mines, Albany, OR 

"Coupled Transport Membranes for Metal Separation." 
R. W. Baker, W. C. Babcock, H. K. lonsdale, and D. 
J. Kelly, Bend Research Inc., Bend, OR 

"The Removal of Iron From Aluminum Chloride leach 
Liquor by Solvent Extraction." R. T. Sorenson, Bureau 
of Mines, Boulder City, NV 

"Application of Pressure Hydrometallurgy for Metal Pro­
duction." M. Cantle, Sherritt Gordon Mines, Canada 

"Problems Associated Wilh low-level Naturally Occuring 
Radionuclides in Mineral Processing." D. Voit, Tele­
dyne, Wah Chang, Albany, OR 



"METALS: RECENT DEVElOPMENTS" 
K ....... n •• h, Ch.i,man 

"Mo'erill. for Hillh Ene'IIY Applica'ion . ... R. M. Hotn. 
Uni". of C.li fo,ni. , Be,keley, CA 

··Mo'e,i.l. P,obl.m. of Sulfidi .. tion."· M. S. Bh_t, Uni", 
of C.lifornia, Berkeley, CA 

"Cooling. fOt Hillh Ene~y Applic.tion . ... G. Lu, Gulf 
Gen, Atomic, San Oi~, CA 

"GOLD TECHNICAL SESSION" 
J. M. We", Ch. i,mln 

··Ent..ncing Pe=l .. i.", R.I". in He.p l .. ,hing of Gold 
.nd 5il"e' O'e • ."· H. J . Heinen. R. E. (,nd",om, Ind 
G. McClell.nd, Bure.u of Mine., Reno, NV 

"He.p L • ..:~ing of Gold It Round Moun .. in, NV." R, 
leone, SrnoI<y Volley ~ning Co. 

"Gold Ope,ation. , t tho Atl,nt. Mi ne, Ne".d •. " P. Hul .. , 
511ndl(d SI~ Co'p., R""". NV 

"Geo!O\IY Ind Gold <)per.lion • • t lhe New York Cougar. 
Independence Mine', En t.rn Oregon." J . Young, W, 
Bowe, & A ... o<., 51 •• mbol ' Spring •. CO 

MONDAY EVENING _ 5:00 _7:00 p.m. 

A complimen'e'1 bee, pony wi'" , n..:h will be held in 
.he indu",iel .x~ ibi. ''''' . 

TUUDAY MORNING - MAY 16 _ ':30 ' .111. 

"GOlD AND MONEY" 
v. C. Newton I nd W. Zwick. Ch. i' ...... n 

Ruuell WIII..:e .s. .. ion Mode'''Ot) Vic. Pre"den •. 
HotMs .. ke Mini"", Compony, San fflnciKO, CA 

"Hillorf' G..,.t..,., Fligh, From p.po, MonIy to Gold." 
J . Ex" ... , C""'u llln, .", In',rn.Ii.,....1 Ind Dom."i, 
Mo'-Y. Moun.,in l.ke., NJ 

"C~I II_. F..,ing American Inv."Ot' In'e' .. '.,;1 in Gold 
Sh ..... ."· J. McFIII •. Vllue-Ac'ion AdviloO'1 Service. 
Gold Investmen. Con.ul .. n,. Se.nl •. WA 

"P,odorninl nce of Cr.dil in !he P,e .. n. MoneIl'1 WOtld." 
P. SimplOn, P,ofe'''o, of Economics. Unive"i'y of 
O<egon. E~. OR 

"Gold In ....... lmen", Sovth Africa ."' F. J . R. hn. Gen .... 1 
Mining & Fin_nce COtp., L.d .. Joh.nn,.burg, Soulh 
Africa 

(Tille '0 be Announced) _ Office of the A .. iSllnl Secr. 
'"'1 for In'.rn .. ion, 1 Aff.i". U, S. fr ... u'1, WI.II­
ingron, O.C. 
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"NEW WElDING HORIZONSH 

O. Wold, Ch,i""'n 

'Weld.bili.y I nd Sound Weldi"", DKi.ion •. ~ f . Glrro, 
Pug •• Sou.-.d Nl vl l Shipyltd. B_non. WI'. 

"De.ign lor Rel iabilily in W. lded Str"""', ... " G. Tee' ... 
Silte of Oregon. B'idge o.pt. Sal ..... OR 

"f.bri(llion for Reli abili ty in W.lded SI,,,,,,u,. ,," l . 
ThomplOn, NOrlhwe .. Sden.ific, Porll,nd, OR 

"CI •• n St"'. lor Con"'uClion." J . L. fox, Luken. $ ... 1 
Co .• 8urling . ....... CA 

"GEOTHERMAL" 
E, Z,i., Ch,i.mln 

"Coot. Benef"~.-.d Ri.k of Georhe'm<ol Ene~y ." A. Gr,n" 
pOf.I.nd Gene .. 1 Elee"i" 

"'Tko Moun. Hood·Ponll nd Geo.he'm<ol Proiect." J. Hook. 
Con.ulting Geologi". SoleM, OR 

"Non-Elee"", Applicaho". of Geo!he,m.1 Ene<gy in 
Klam.th FIll •• Oregon." J, lu.-.d. Oregon InSlilUt. 
of T ..,hnoiOVY 

"'Expio'otion 10, Geo!herm.1 ene~y in .h. poei fi, Norlh­
we ... " W. Oolln. Chi. f Geophy.idSi Ind Mo_r 
of Geo'herm<ol. AMAX Eplo,ation, o.nve" CO 

"'~ .ft River Geothe,m.1 Projeet and Geothe,mll Project 
l .-.d GeoIko'm<ol Appl ic .. ion. in eoi ... II)" tSpuker 
to be Innounc:odlld, ho N.hon. 1 {"",i __ ring lobo< • 
• 0 

l\JESDAY NOON - 12:00 p."'. 

GOLD AND MONEY LUNCH 
(Sp.,.k., to be . nnounced) 

l\JESDAY AfTUNOON _ 2:00 p .... 

"GEOLOGY OF THE NORTHWEST" 
IW. & M,.. R, C. I:.n'. Ch.irpenOfI. 

"o..ll"v,lIe Mi"i "", Di.ttict." S. Munl>, COM/NCO, Inc., 
Spoklne, WA 

"B .. I II G.oIO\lY of E .... 'n O'''IIon, · S. fllooqui, Sho ... 
non • .-.d Wil>on. 11'1< •• Ponl. nd. OI! 

"'GeoIOVY of Sou.he,n Wn hing.on C .. cades ." p. Hom­
mond. pot11.nd 5, ••• Univ .. p""l,nd, CIt 

Aho il'l<l .,ded,-
A PANEL ON COAL GEOLOGY Of THE NQRtH'NEST 



TUESDAY AFTERNOON - 2:00 p.m. 

POSTER SESSION 
C. B. Daellenbach, Chairman 

"Minerals Needed to Fuel Alterna~ive Energy Resources." 
R. Tallman, Bonneville Power Admin. Portland, OR 

"Investigation in the Chloride Metallurgy of Copper." S. 
EI-Rahaiby, W. Taylor, and Y. Rao, Un IV. of Washing­
ton, Seattle, WA 

"Synthetic Fluorspar from Fluosilicic ACid." S. Bullard, R. 
Olsen, and W. Gruzensky, Bureau of Mines, Albany, 
OR 

"Advancement in Die Forming for Saw Chain Cutters." 
A. Hille and J. DeHaven, Omark Industries, Port­
land, OR 

"Cadmium Behavior During Oxidation of Zinc Sulfide 
Concentrate." H. leavenworth and D. Vee, Bureau 
of Mines, Albany, OR 

"Fixation of Arsenic-Bearing Flue Dusts." A. Mehta and L. 
Tw'ldwell, Montana College of Mineral Science and 
Technology, Butte, MT 

"Zeta Potential Studies of Idaho Phosphoria Phosphate." 
P. Wikoff and K. Prisbrey, Univ. of Idaho, Moscow, 
ID 

"Volatilization of Arsenic During Roasting of Copper 
Ores." A. Landsberg and J. Mauser, Bureau of Mines, 
Albany, OR 

"Rubber Tired Equipment In Underground Mining." S. 
Countryman, Wagner Mining Equipment Co., Port­
land, OR 

"NEW WELDING HORIZONS" 
W. E. Wood, Chairman 

"Investigations of Welding Problems." R. l. Ray, Consult­
ing Metallurgical Engr., Oakland, CA 

"Let's Help Each Other." (Discussion on Filler Metal Test­
ing & Purchasing Specifications), Harry Reid, Tele­
dyne McKay Co., York, PA 

"Applied Advantages, Bulk Welding Process." T. Jordan, 
TAPCO Corp., Houston, TX 

TUESDAY EVENING - BANQUET, 6:30 p,m, 
"Alyeska Pipeline." John Moeller, Past National President 

AWS, Los Angeles, CA 
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WEDNESDAY - MAY 17 - 8:30 •. m. 

"CHALLENGE OF CHANGE" 
A. J. Fergus, Chairman 

"farming Mined farm Land." J. Gray, State of Oregon, 
Dept. of Geology and Minerals Ind., Albany, OR 

"Overview of the Resources Planning Act: Legislative In­
tent and the 1980 Plan." J. Butruille, Region 6, For­
est Service, Portland, OR 

"Economic and Environmental Implications of Recent and 
Proposed Federal Legislation." W. Cate, Speculative 
Ventures, Pacifica, CA 

"Planning on Open Pit Mine Today: Engineering Geology 
and Hydrology." R. Howard and D. Ralston, Univ. 
of Idaho, Moscow, ID 

"PYROMETALLURGY" 
R. NafZiger and D. Taylor, Chairmen 

"Present Smelting Practice at Anaconda, Mont." J. Mc­
Coy and C. Partin, Anaconda Company, Anaconda, 
MT 

"Recovery of Iron and Copper from Slags by Carbon In­
jection." J. Paige, O. Paulson, and W. Hunter, Bureau 
of Mines, Albany, OR 

"Electrical Characteristic; of Smelting Slags." J. Persson, 
Lectromelt Corp., Pittsburgh, PA 

"The Application of Real-Time Computer Control to 
Vacuum Arc Melting of Titanium." O. Mathews and 
F. Pendleton, Titanium Metals Corp. of America, 
Henderson, NV 

"Magnesium Purification by Use of Iron and Zirconium 
to Remove Aluminum." M. Siddall, Teledyne Wah 
Chang, Albany, OR 

"PANEL ON ENERGY" - 9:00 a.m. 
O. D. Osborne, Moderator 

"The Future of Electrical Energy in the Northwest -
What It Means for the Metals Industry." 

Richard Timm, Oregon Dept. of Energy 

Harry Helton, Reynolds Metals 
larry Williams, Oregon Environ. Council 

Robert Murray, Energy Consultant 
Hugh Hansen, Oregon State University 

NOTE: Montana Tech. Alumni Breakfast, Tuesday, May 

16, 1978, 7,00 a.m. For reservations, call AI Ekeberg, 
(206) 573-7440. 



PNMMC - PRE-REGISTRATION FORM - MAY 15-17, 1978 
Mlil to: Dwlyne Lewi., c/o Omark Industri •• , 9701 S. E. McLoughlin Ilvd., Port lind, OR 97222 

(Must be plid by April 15 10 gel p .. registrltion dllCOunl) 

Name ____________________________________________ __ 

Company ________________________ _ 

Address ______________________ _ 

City' ___________ State ___ Zip _____________ __ 

Pre-Reglltratlon _____ $ 30.00 Slngl. o.y Regi,tration __ $ 15.00 Banquet. Tuesday Eveninu __ $ 11.50 
In-Person Reglltration ___ 35.00 Spe.ker-Seuionl Onty F.... Ladie.-Columbia Gorge Tour __ 15.oo 

Student Regiltration 5.00 Welcoming Lunch, Monday __ 7.50 Full OilY Taur, filii, Dam, 
Spouse Reglltratlon 1.00 Gold lind Money Lunch 7.50 and Hatchery ____ 7.50 

TOTAL $ __ _ 

(NO REFUNDS AFTER MAY 14) 

* * * * * 

USGS ISSUES NEW OREGON "TOPO" INDEX 

A new index showing 1,003 topographic maps covering most of Ore­
gon is now available. About 45 percent of the State has been 
covered by 7.5-minute quadrangle maps at a scale of 1:24,000 
{one inch to 2,000 ft~ An additional 45 percent of the State is 
mapped in 15-minute quadrangles at a scale of 1:62,500 (one inch 
to about one mile). 

For free copies of the Index to Topographic Maps of Oregon, 
write to the Branch of Distribution, U.S. Geological Survey, Box 
25286 Federal Center, Denver, Co. 80225. 

* * * * * 

OREGON GEOLOGISTS CAN NOW REGISTER 

To request app1 ication forms to register under, the new Oregon 
Geologist Registration Act and a copy of the Code of Professional 
Conduct, write to the State Department of Commerce, 403 Labor and 
Industries Building, Salem, Oregon 97310 (phone 503-378-4294). 

Fee for initial registration is $50; annual renewal is $50; 
initial registration and annual renewal in the engineering geo­
logist specialty is an additional $25. Qualified practicing geo­
logists may obtain licenses without examination before September 
30, 1978. 

* * * * * 

DOGAMI WILL FILL IN THE BLANKS 

A few January and February ORE BINS containing some blank pages 
were inadvertently mailed. If you received a defective copy, 
write to the Department for a free replacement. 
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OVERVIEW OF THE BOHEMIA MINING DISTRICT 

J. J. Gray, Economic Geologist 

The ORE BIN 
Volume 40, No.5 
May 1978 

Oregon Department of Geology and Mineral Industries 

This is the third in a series of four articles on mineraliza­
tion in the Western Cascades. The first, a field trip guide 
to the Quartzville mining district, appeared in June 1977. 
The second, printed in December, discussed the history, geol­
ogy, stratigraphy, and mineralization of 14 Western Cascade 
mining areas. This article focuses on the major area, the 
Bohemia mining district; and a field trip guide to Bohemia 
will be published in next month's (June) Ore Bin. 

The Bohemia district was selected for detailed study in 
the series because it is the largest and most productive min­
ing area in the Western Cascades. All facets of Western Cas­
cades mineralization are represented in the district. 

Checkpoints mentioned in both this and next month's arti­
cles refer to locations on the centerfold map. 

Location and Geography 

The Bohemia mining district (see map, centerfold) lies about 35 mi south­
east of Cottage Grove in Lane County (Tps. 22 and 23S; Rs. 1 and 2E). The 
roughly circular mineralized area is about 5 mi in diameter. From Cottage 
Grove, access to the district is by Row River Road and Forest Service 
roads which follow Sharps and Brice Creeks. The district lies at the 
southern limits of the Willamette Valley, where the east-west-trending 
Calapooya Mountains separate drainages of the Willamette and Umpqua 
Rivers. The Bohemia district is on the eastern part of the divide, in 
an area characterized by high, rugged summits and steep, heavily tim­
bered slopes (Figure 1). 

Narrow ridges and valleys radiate from the central part of the dis­
trict. Elevations range from just under 2,000 ft on Champion Creek on 
the edge of the district to 5,933 ft on Fairview Peak located near the cen­
ter. The area is drained by tributaries of Brice and Sharps Creeks on the 
Willamette side of the divide and by Steamboat Creek tributaries on the 
Umpqua side. Glaciation helped shape the upper mountain heights; glaciers 
moved down the valleys, leaving debris and forming cirques (deep, steep­
walled, bowl-shaped valleys). Some of the cirques now contain lakes or 
bogs. Champion Creek begins in a cirque (checkpoint 55). 

Geology 

The Bohemia area is underlain by Oligocene and early Miocene volcanic 
rocks of the Little Butte Volcanic Series which have been intruded by 
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Figure 1. PanoI'alTtic view taken through arc of 165 0 i n a northerly direc-
tion from swrmit of North Grouse Mountain, in Bohemia district . Note 
many of the characteristic surface features of the Western Cascades . 
A rough accordance of ridge tops may be noted. Noonday Ridge is typ­
ical of the long ridges sloping tOt.Xlrd the valleys of major streams . 
In the center, snort ridges slope gently, then break off abruptly 
into the very narrow valley of Champion CPeek. Gl.acial cir ques are 
visible in the area between Bohemia M:::>untain and Fairview Peak and on 
the east slope of Fairview Peak (Callaghan and Buddington, 1938) . 

late Miocene and early Pliocene rocks. All rock types have been sub­
jected to alteration, mineral i zation, and faulting. For a more detailed 
discussion of geology and mineralization, see the December 1977 Ore Bill. 

Volcanic, sedimentary , and intrusive rocks 

layered rock units exposed in the di s trict consi st of about 4,000 ft 
of lapilli tuff; tuff breccia; flows and domes of basalt, andesite, da­
cite, and rhyolite; and minor amounts of tuff, tuffa ceous shale and 
sandstone (Figure 2) , and conglomerate. 

A l,OOO-ft section of lapilli tuff and tuff breccia i s exposed from 
halfway between checkpoints 25 and 26 to checkpoint 27 . Another section 
of these rocks occurs between checkpoints 61 and 62. Tuffaceous shale and 
sandstone is exposed between checkpOints 27 and 31. A conglomerate with 
subrounded boulders of various types of volcanic rock up to 10 ft in dia­
meter occurs at checkpoint 62 {Figure 3}. Other volcanic features exposed 
in the district include part of a dome at checkpoint 33, prophyritic basalt 
flow between checkpOints 39 and 40 , and another lava flow on the so uth s ide 
of the fault at checkpoint 61. 

The youngest intrusive rocks are porphyritic dacites; the next older 
are andes i tic and basaltic di kes and sills; and the oldest intrusions are 
9ranitoid , ranging in composition from diorite to granite. Granodiorite, 
the most conmon type of granitoid rock, occurs at checkpoints 43, 52 , and 
53. Porphyritic dacite is exposed at checkpoint 58 , an andesite sill at 
checkpoint 28, and an andesite dike at checkpoint 29 . 

Al teration 

All types of rock alteration discussed in the December 1977 Ore Bin 
can be seen along the route to and through the Bohemia mining district. 
low-grade zeolite alteration occurs outside the di strict at checkpoints 
12 and 15 . All rocks within the district show a moderate degree· of pro­
pylitic alteration as an alteration "background." 

The boundary between propylitic alteration and contact metamorphism 
within the Bohemia district is not easily identified. Near the edges of 
the distri ct. rocks have been propylit i cally altered, as shown by the pres­
ence of chlorite and epidote in rocks at checkpoints 29, 60, and 61 . The 
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FiguPe 2 . Thin-bedded tuffaceous shate and aandstone (chec kpoin t 28 ) . 

Figure J . 
10 ft 

CongZome~te of votcanic pebb tes, cobbZes. and boutder s 
in diamete 'I'. found i n stl'eam bed at checkpoint 62 . 
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alteration also hardened these rocks, so that they now form resistant 
outcrops (checkpoints 51 and 60). Near the intrusive contact, albite­
epidote and tourmaline hornfels occur (checkpoint 38). 

Alteration caused by hydrothermal action is discussed in the next 
section. 

Veining 

The 100 known veins within the district have open-space fillings of 
quartz, complex sulfides, and other minerals. Associated with the vein­
ing is hydrothermal alteration of the country rock. 

Veins crop out at checkpoints 32, 36, and 42. The vein mineraliza­
tion is zoned. Copper, lead, and zinc sulfide minerals with quartz and 
specular hematite occur in the center of the district. Minerals found 
at the Musick mine dump (checkpoint 40) and the Champion mine dump (check­
point 55) are typical of this zone; they include comb quartz, pyrite, chal­
copyrite, specularite, sphalerite, and galena (Figure 4). 

Veins in the zone surrounding the center also contain the same min­
erals except the specularite. Stibnite-bearing veins (checkpoint 32) on 
the south side of the district characterize the outer zone. 

Along with vein mineralization, large areas such as that along Hard-

1 centimeter 

o Horizontally bedded 
. . hematiti c chert 

_ Cha 1 copyri te 

~ Specularite 

quartz 
crysta 1 

r-:-:J Earlier deposits of 
L-:J hematitic chert 

= Earliest deposits 
~ of hematitic .'). 

chert " 

c-axi s 

/ 

~ 
fragment 

Figure 4. Sketch of photomicrograph of specimen containing horizontal-
ly (?) bedded hematitic chert (dotted) with contemporaneous chalco­
pyrite filling vugs in coarsely crystalline quartz. Earliest deposits 
are medium-grained quartz and specularite, followed by a layer of 
hematitic chert. Later deposits include alternating layers of hema­
titic chert and fine comb quartz. About 5 percent chlorite accompanies 
hematite and chert in the upper layer (after Lutton, 1962). 

80 



scrabble Road between checkpoints 24 and 27 have been silicified and 
pyritized. Rocks in these areas are bleached and iron stained. 

Structtlre 

Structure in the Bohemia area includes faults, breccia zones, a broad 
warp, and a few minor folds. The warping and the folds are not apparent 
without much study. checkpoint 47, however , does show a breccia zone. and 
faults can be found at checkpoints 15 and 61. Veining follows the faulting­
fracturing system , but most of the vein-faults do not indicate much dis­
placement . 

Mineral and Fossil Localit i es 

Mineral s listed in Table 1 are typical of the district and, with the 
excepti on of gold, are relatively easy to find at the indicated locations. 

lIble 1. Hlnerll cClq)Osltlons .nd localltle5 In the Bohe..,1a district 

"Inerl1 COqlos I t I on Cl'IeckP;5l:lnt n_eN-

C.l cHe C.CO) 12. IS 
Chalcopyrite CuFeSt 40. 55 

Epidote (Figure 5) e' z(AI . Fe} lSI lOu(OH} 39. 40, S8 , 61,62 

G.lena PbS 40, 55 

Gold ., 40, 55 

Hemlt t te FeZO) 36, 4O, 55 

"19netlte Fe )O. 61, 62 

Pyrite FeSt 18 through 63 

Qu.rtz (Figures 6, 7) SlOt IS, lO, 36, 40, 44, 55 

Sph.lerl te "S 40 , 55 
Stlblconlte (Figure 6) HzSb10$ " 5tlbnlte (Fi gures 6, 8) Sb1S) " Toul"'ftlll1ne (Figure 9) Ha(Hg,Fe} )Al ,(BO)}) 38, 40 , 58 

(51,018}(0II). 

'See "",p, cente rfo ld 

The fossil suite found at the Rujada locality (checkpoint 73) con ­
tains 40 different types of plant life. The Oligocene fossils, mainly 
leaves and cones (F igure 10). are described in detail by Lakha npal (1958). 

History 

The Bohemia district surpasses all min ing districts of the Western 
Cascades in area, number of producing properties , amount of development 
work, and total production. In 1858 , placer gold was discovered on Sharps 
Creek (checkpoint 11) by W.W. Oglesby and Frank Brass. The fo l lowing year, 
values were found and recovered from Sailor's (or Saylor's) Gulch (check­
point 22). In 1863 , l ode gold was found by George Ramsey and James (?) 
Johnson within three-quarters of a mile of Bohemi a Mountain. Soon pro­
spectors began arriving in the area, and because Johnson, from the country 
of 80hemia, was nicknamed "Bohemia" Johnson, the district was named Bo-
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Figure 5. Photomicrograph of epidote knots found at check­
point 61 . Cr ystals are epidote; bZack rv.terial is 
fine-grained magnetite . (XJO) (Photo courtesy Larry 
Br oom) 

Figure 6. Photomicrograph of stibnite ore found. at check­
point 32 . Clear materiaZ is quaI'tz; metallic bZack 
is stibnite; straw- shaped crystaZs are stibiconite . 
(X10) (Photo courtesy Larry Brown) 
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Figu.1'tJ 7. Quar tz c l'ystata tike t /leC(l are found fittina voina. tinina 
IJUalJ, and lJUf'roundi"!l b1'iJccia fragrwmta in nany locations in the 
Bohemia diat l>1.ct . 

Figure 8. Radiating nusses of stibni te fOW1d i n veins at checkpoin t 32 . 
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MINES 

A. CHAMPION MINE 

B. CRYSTAL (LIZZIE BULLOCK) MINE 

C. EL CAPITAN (PRESIDENT GROUP) 

D. GRIZZLY GROUP 

E. HELENA MINE 

F. LEROY GROUP 

G. MAYFLOWER MINE 

H. MUSICK MINE 

I. NOONDAY MINE 

J. OREGON-COLORADO MINE 

f-----",-------- K. SHOTGUN VEIN (CARLISLE) 
L. STAR MINE 

M. SlJL TANA MILLER MINE 

N. SUNSET (CAPE KORN VEIN) MINE 

O. lITOPIAN GROUP 

P. VESUVIUS MINE 

Q. WAR EAGLE (WALL STREET. GILBERTSON) GROUP 

MILES 

1 
J 

______ - --fo~~~Ascodo. - --::: - -- -

MAP OF THE BOHEMIA MINING DISTRICT 
Cartography by Kath Eisele 

LEGEND 

6 PARK 

o MINE 

o CHECKPOINT 

- FIELD TRIP ROUTE 

,. GRANITOID INTRUSION 

Numbers on this map refer to field trip guide that will be printed in next month's Ore Bin 
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Figupe 9. Photomicrograph 
of tOUl"ffl::lUne (var. 
8chor~ite) , which can 
be [ound at checkpoints 
J8, 40, and 58 . (X10) 
(Photo courtesy Larr y 
Br or.m) 

Figupe 10 . Ru,iada fossHs [rom checkpoint 7.l. AU but bvttom center 
[ossH ape from Lakhanpa~ (1958). 
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hemia . In 1870 (?) , the Knott trail (between checkpoints 35 and 37 and 
at checkpoint 41) was built by hand labor to the Knott claim, now part 
of the Champion group (checkpoint 55) . In 1872 (n, the district's first 
stamp mill, powered by a steam engine and boiler, was installed on the 
Knott cla im, where it ran for about 2 years. Recoveries were poor, how­
ever, and because the mill was located near the SUR"lTlit, water was scarce. 
Eventuall y the mill was closed because of litigation. 

The Musick vein, the first really important discovery, was located 
in 1891, and a stamp mill was brought to the property by way of the Noon­
day t rail (checkpoints 46, 49, and 63). Figure 11 shows the Ridge Hotel, 
at checkpoint 49, on the Noonday trail. 

The Noonday mine was opened in 1892. A 10-stamp mill was installed 
at the Champion mine in 1895 and a 20-stamp mill at the Noonday in 1896. 
By 1902, not less than 2,000 claims (some undoubtedly duplicate recordings) 
had been filed in the district. Between 1902 and 1912, West Coast Mines 
Company consolidated the Champion, Helena, and Musick mines and erected 
a 30-stamp mill at the Champion. The Noonday was a producer between 
1896 and 1908. The Vesuvius and Evenin9 Star mines produced durin9 the 
1900' s . 

Between 1932 and 1938, Mahala Mines, 8artels Mining, and Minerals 
Exploration Companies produced ore with a total value of more than 
$400,000 at the old gold price of $33joz. Between 1939 and 1942, Higgins 
and Hinsdale (H . and H. Mines, Inc.) completed some development work and 
erected a flotation mill and power plant at the Champion mine (Figure 12. 
checkpoint 55). In 1942, before major production was attained , the mill 
and plant were closed; however, considerable development ore had been 
milled. In 1944, F.J. Bartels acquired the mill and property from H. and 
H. Mines. Between 1945 and 1949, Bartels produced a small amount of gold 
from the Champ i on and Evening Star mines and milled ore from the Helena 
mine , operated by K.O. Watkins. In 1950, Watkins obtained the Champion 
lease and operated the Champion mill, producing about $35,000 at 1950 
metal pri ces. 

Figu1'e 11. Ridge Hotel on the Noonday traiZ . (Photo cOUl'tesy Ray NeZson) 
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Figure 12. 
ear ly 
pear s 

Champion flotation mil! 
1960 ' s . (Photo cour tesy 
today. 

, . 
, ..... '. . .. , 

(cileckpoirlt 55) as it appeal'i~d in the 
Fred MiUer ) Insel't : Mill. as it ap-

In 1961 and 1962, the Office of Minerals Exploration contracted to 
help finance a long drift to expose the Musick vein 335 ft below the old 
No.6 level. The Emerald Empire Mining Company did the work. In 1964. 
3 diamond-drilling program to explore the Champion, Evening Star, Musick , 
and other nearby properties was announced by federal Resources Corpora­
tion of Salt Lake City. The program was modified to include drilling on 
extensions of the Helena vein and a production drift known as the 1 ,000 
level (F i gure 13) on the California-Oefiance veins of the Musick. Work 
was completed at 1, 196 ft in May 1965. 

The history of Bohemia is being kept alive by four comnunity groups: 
the Cottage Grove Historical Museum (checkpoint 3), the Cottage Grove 
Prospectors; the Bohemia Mine Owners Association; and the Bohemia Mining 
Days , sponsored by the Cottage Grove Chamber of Corrmerce. The museum con­
tains displays of mining tools from Bohemia , a working model of a stamp 
mill , and a full-scale 5-stamp mill. The Cottage Grove Prospectors are 
restoring the buildings at Bohemia City (Figure 14, checkpoint 40). The 
Bohemia Mine Owners Association has worked to keep surface resources of 
the mines open for public use. The Cottage Grove Bohemia Mining Days, 
schedu l ed annually on the third weekend in July, features a parade , art 
show , stage show, beer garden, and tour through the Bohemia district. 

Ray Nelson, Cottage Grove, has been instrumental in keep i ng Bohemia 
history alive. Several photographs used in this series are from his col­
lection. His book, "Facts and Yarns of the Bohemia , Oregon, Gold Mines," 
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Figure 13. Three-cap, compl>esoed-air driven tpam that T'an j'1'Om 1,000 
Zevel of Mi.sick mine during diamond-drilling e,1;pZol"ation p1'Ogl'am 
that indudsd the ChampiOll, Evening Stat', Mi.sick, and other mineD 
ill the Bohemia diotpict . 

Figu:re 14 . Lwuiherg Stage House , one of buildings l'eaonstl'Ucted at Bohe­
mia City (checkpoint 40) by Cottage G1'Ove Prospectors . 
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which can be purchased at the Cottage Grove Historical Museum, was the 
source of much of the history in this article. 

Production 

At today's prices, about $4.2 million in metallic minerals have been 
produced from the district (see Table 1, December 1977 Ore Bin). This is 
a little less than one-half of the total production from the north-central 
Western Cascades. Of the total Western Cascades' mineral output, the 
Bohemia district has produced: lead, 75 percent; gold, 63 percent; silver, 
31 percent; copper, 26 percent; zinc, 5 percent; mercury, 0 percent. 
Hal Barton (oral communication, 1977) estimates that two-thirds of all 
production was obtained without modern equipment. Most mining, instead, 
was done with hand steel. 

Present Status and Future Outlook 

Currently, no mines in the Western Cascades are producing; but this 
condition will change if the economic and technological climates become 
more favorable for mining. The outlook depends largely on better defi­
nition of orebodies. 

In Bohemia, assessment work is being done to keep unpatented mining 
claims current. Several patented mines have changed hands. Almost all 
old miners' cabins, mine buildings, and mill buildings have been destroyed. 
However, a large national mining firm is currently gaining a land base 
in the di stri ct. 

Mining was started in the district with hand steel and the free 
milling gold found in the oxidized zones of veins. After the oxide 
zones bottomed out, sulfides of lead, zinc, and copper were found. A 
bulk concentrate of all of these sulfides can be produced very easily, 
but it cannot be sold. A copper smelter charges a penalty for lead and 
zinc, a lead smelter for copper and zinc, and a zinc smelter for lead and 
copper. The three sulfides, therefore, must be separated before being 
sold. The separating can be done with a flotation mill. The district 
had one flotation mill, at the Champion mine (checkpoint 55), but oper­
ation was suspended before major production was attained. One or two 
of the mines alone could not support a modern-day mill, but all of the 
mines together in the district could. Unfortunately, because the mines 
are all owned by different people, capital for a mill will be hard to 
find. 

Two factors may change the outlook for mining in this and other dis­
tricts. The U.S. Bureau of Mines has been studying the processing of 
bulk concentrates by electric smelting and electrowinning. If one of 
these processes were to be successful, a small gravity mill could be 
built at each mine. Another factor that could improve the mining situation 
would be an economic discovery by one of several national mining firms 
currently conducting exploration for copper-molybdenum porphyries. If one 
of the firms succeeds in this search, mining in the district will be con­
ducted on a different scale than in the past. Bulk mining, through open 
pit, underground, or solution mining could be considered. Capital in the 
millions of dollars would be needed, and the district would have to be 
worked as a unit. Conceivably, one day's production could be greater than 
all of the district's past production. 

Next month: A field trip guide to the Bohemia mining district. 
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DEPARTMENT ISSUES THREE NEW BULLETINS 

All of the bulletins described below were publ i shed by the Department and 
are on sale at the Department's Port l and. Grants Pass , and Bak.er offices 
(see inside front cover for various addresses). 

CURRY COUNTY STUDY RELEASED 

First of the publications recently completed by the Department i s Bulle­
tin 93 , "Geol09Y , Mineral Resources, and Rock Material of Curry County, 
Oregon," by Len Ramp, Herbert G. Schlicker, and Jerry J. Gray, all of 
the Department staff. The 79-page bulletin is intended to be a com-
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panion report to "Land Use 
Geology of Western Curry 
County, Oregon," by John Beau­
lieu and Paul Hughes. which 
was released as Bulletin 90 
in 1976. 

The new bulletin is a 
s tudy embracing ge09 raphy, 
geology, rock-material re­
sources, metallic-mineral 
resources, nonmetallic-min­
eral resources, mineral fuels , 
and reclamation. Twelve fig­
ures, nine tables, and three 
maps accompany the text. The 
several appendices include a 
mined land reclamation appli­
cat ion form. a reclamation 
plan guideline, and a glos­
sary , 

The authors wrote the 
bulletin to provide Curry 
County with mineral-resource 
information for use in plan ­
ning and to add to the De ­
partment's data ~ase . 

The price is $7 .00 . 



BULLETIN 95 

f· JNE 

2$': 
, ... ~. 

AMERICAN 
OPHIOLITES 

1977 

ORIGIN OF MAGMA IS STUDIED 

"Magma Genesis" is the title 
of the Department's new Bul­
letin 96, a compilation of 
19 papers from the Proceed­
ings of the American Geophy­
sical Union Chapman Confer­
ence on Partial Melting of 
the Earth's Upper Mantle. 

Concepts of magma gen­
esis developed in the text 
will be an aid to geologic 
mapping and to assessment of 
mineral wealth in magmatic 
terrain. Several of the ar­
ticles deal directly with 
rock in Oregon. 

Henry B. Dick, Woods 
Hole Oceanographic Institu­
tion, edited this compre­
hensive document, which in­
cludes numerous illustra­
ti ons. 

The 311-page book costs 
$12.50. 

I BULLETIN 96 
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NORTH AMERICAN OPHIOLITES 
ATTRACT WORLDWIDE INTEREST 

Participants from around the 
world attended the 1977field 
excursions and seminars con­
ducted by the International 
Geological Correlation Pro­
gram to study ophiolites. 

The North American ex­
cursions began in Newfound­
land and ended in the Kla­
math Mountains province. 

R.G. Coleman and W.P. 
I rwi n, USGS, edited 13 papers 
from the conference, now on 
sale as Bulletin 95, "North 
American Ophiolites." The 
183-page book contains many 
photographs and drawings, an 
index map of North America 
showing areas of ophiolites 
described, and five geologic 
maps in a pocket. 

Bulletin 95 sells for 
$7.00. 

MAGMA GENESIS 
1977 
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AVAILAB L E PUBLICATIONS 

(Please Include remittance with order. postage free. All sales are final - no r!lturns . 
A complete list of Oep.artment publicattons. Including out-of-print. mailed on request.) 
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39. Geol. and mfneralh'atlon of I'IOrnlng mine region. 194B: Allen Ind Thayer .• 
44. Bfbll09. (2nd suppl.) geology and III1nerl1 resources of Oregon . 1953: Steere. 
46. Ferruginous bauxite deposits. Sllem Hl11s. 1956: Corcoran Ind Libbey . 
49. Lode mines, Granite mining district, Grant County, Oregon . 1959: Koch ••• 
53. Bfbl1og. (3rd supp1. )geo1ogy and mineral sources of Oregon, 1962: Steere . Owen 
57. Lunar Geological Field Conf. guidebook, 1965: Peterson and Groh, editors 
61. Gold Ind silver tn Oregon, 1968: 8rooks and Ramp. 
62. Andesite Conference guidebook, 1968: Dole .• 
63 . Sixteenth biennial report of the Departm&nt, 1966-1968 • • • • 
64. Mineral Ind WI tel' resources of Oregon, 1969: USGS with DepartJnent 
65. Proceedings of Andesite Conference, 1969: (coptes) . . . . . , . . 
67. Blbl1og. (4th suppl.) geology and mineral resources of Ol'e9on, 1970: Roberts 
68 . Seventeenth bIennial report of the Deplrbnent, 1968--1970 •.•• 
71. Geology of selected livi tubes In Bend arel , Oregon, 1971: Greeley. 
72 . Geology of Mitchell qUldranqle , Wheeler County. 1971: DIes Ind Enlows 
76. Eighteenth blennlll report of the Department, 1970-1972. . • • • 
77. Geologic field trips In northern Or&9on Ind southern Washington, 1973 • • 
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State of Oregon 
Department of Geology 
and Mineral Industries 
1069 State Office Bldg. 
Portland, Oregon 97201 

The ORE BIN 
Volume 40, No.6 
June 1978 

A GEOLOGICAL FIELD TRIP GUIDE FROM COTTAGE GROVE, OREGON 
TO THE BOHEMIA MINING DISTRICT 

Jerry J. Gray and Beverly F. Vogt 
Oregon Department of Geology and Mineral Industries 

This article, a companion to the "Overview of the Bohemia 
Mining District" (Ore Bin, May 1978), is the last in the 
four-part series on mineralization in the Western Cascades. 
The route of the self-guided trip and locations of check­
points mentioned in the article are indicated on the cen­
terfold map. Titles of the other articles in this series 
and sources of additional information on individual mines 
and the geology of Lane County are given on page 116. 

Anyone taking this field trip is warned of the dan­
gers of entering abandoned mines, caves, open pits, and 
quarries. Remember, you enter any mine at your own risk, 
and the greatest dangers are those that you cannot see 
until it is too late. Mines that look safe to you may 
instead be extremely dangerous. 

Road Log 

(Circles indicate checkpoints; triangles are parks; squares are mines.) 

(1) (2) (3)* 

CD 0.0 0.0 

CD 0.4 0.4 

0) 0.1 0.5 

CD 1.4 1.9 

Starting point is the junction of Interstate High­
way 5 on-off ramp east of the Interstate and Row River 
Road. Take Row River Road south, passing the Village 
Green Motel, to Thornton Road South. 

Turn right on Thornton Road South and go to Mosby 
Creek Road junction. 

Turn right. You are now traveling west on Mosby, 
which, after a few city blocks, becomes Main Street. 
Follow Main until it crosses the bridge over the Coast 
Fork of the Wi11amette River. Turn right onto North 
Ri ver Road; then, wi th in half' a block, turn 1 eft onto 
"H" Street. The Cottage Grove Historical Museum is two 
blocks ahead on the left, at the corner of Birch Street. 

Cottage Grove Historical Museum. The museum (Fig­
ure 1). housed in an octagonal-shaped former Roman 
Catholic church that was built in 1897. is a joint 

*(1) Checkpoints; (2) Mileage intervals; (3) Cumulative mileage. 
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CD 1.6 3.5 

® 1.4 4.9 

o 2.5 7.4 

(j) 1.1 8.5 

@ 4.2 12.7 

@ 2.2 14.9 

® 1.0 15.9 

@ 1.1 17.0 

@ 2.3 19.3 

project of the city of Cottage Grove and the Cottage 
Grove Historical Museum Committee. 

On display are some of the crude mining tools from 
the Bohemia mining district, including a working model 
of an ore stamp mill that shows how gold was extracted 
from ore taken from mines located east of Cottage Grove. 

In July and August, museum hours are Wednesday 
through Sunday, 1-5 p.m.; the rest of the year, the 
museum is open 1-4 p.m. Saturday and Sunday on the sec­
ond weekend of each month. 

Return to checkpoint 2. 

Row River Road and Thornton Road South junction. 
Turn right onto Row River Road. 

U.S. Forest Service Ranger Station, on Cedar 
Park Road, which intersects on the left. Here you may 
obtain a copy of the Forest Service's "Tour of the Gold­
en Past," containing more information about Bohemia. 

Row River Road-Government Road junction. Turn 
left onto Government Road, which soon crosses and then 
follows the old OP&E Railroad, built by and for the 
Bohemia miners in the early 1900's. Now the railroad 
serves mainly the lumber industry. 

Cerro Gordo Mountain. Dorena Reservoir viewpoint 
and parking lot are to the right and past the roadcut. 
Park, walk back about 200 ft, and examine the roadcut. 
The rock high up in the cut is from a lava which flowed 
over an earlier, already cooled lava flow. Note the 
bright red color at the contact between flows. The 
color is caused by heat from the overlying flow baking 
the material below. Both flows are part of the Little 
Butte Volcanic Series as mapped by Peck and others (1964). 
In some parts of the roadcut, sedimentary material oc­
curs between the lava flows (Figure 2). 

At milepost 10, to the left about 50 ft above road 
level, is Pinnacle Rock (Figure 3), a needle-shaped ero­
sional remnant left when soft, weathered, outer rock was 
worn away, leaving behind the harder, unweathered core. 
On the return part of the trip, at checkpoint 75, you 
will see Pinnacle Rock from across the reservoir. 

Stop sign at junction with Row River Road. Across 
the road and to the right is an old covered bridge. 
Turn left onto Row River Road. 

You are now traveling around a bend in the river. 
Because river currents are always stronger on the out­
side of a bend, this is the area where it is hardest 
to keep a highway from being washed away. Here, during 
the 1964 flood, the river took the highway completely 
out and washed away the steel railroad track on your 
left, wrapping it up along the mountainside. 

Dorena Post Office and business district on the 
right. 

Row River Road-Sharps Creek Road junction. Turn 
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Figure 3. Pinnade 
Rock, about SO ft 
above road, vis­
ible from across 
the 1'6sel"lJOil' at 
checkpoint 7S on 
retW'n trip. 

@ 0.3 19.6 

@ 0.9 20.5 

M 2.2 22 . 7 

right onto Sharps Creek Road and cross the bridge. 
The "Red Bridge" sign is the Forest Service "Tour of 
the Golden Past" mile point 0.0. 

Alteration zone. The rock face on the right shows 
zeolitic (green-colored) alteration . Such zones can 
be identified by the alteration of pyroxene , hornblende , 
and volcanic glass into green clay. Zeolites, carbonate 
mine ra ls, and chalcedony have been introduced into the 
original rock. 

Rock quarry on the right. Mining i n Oregon today 
~enera11y means sand and gravel and stone. Ouring 1975 
(l atest year for statistics) , stone production from 
mines such as this was 21 mi llion tons, making stone 
the mineral corrmodity with the greatest output. Sand 
and gravel production during the same pe r iod was 
17 mi 11 i on tons. No other mi nera 1 corrmod i ty in Oregon 
came close to these totals. 

Sharps Creek Recreational Area on the right. Th i s 
Lane County park rests on a stream terrace underlain by 
a gravel deposit. In the past, the stream bed was at a 
higher level and the stream had a lower gradient . Then 
the stream eroded laterally , cutting a broad valley . 
Now, with a steeper gradient, the stream is instead 
downcutting a narrow channel. 

Just before you reach checkpoint 15, you cross a 
bridge listed in the Forest Se rvi ce Tour. 

96 



@ 3.7 16.4 

@ 2. 1 2B.5 

@ 0.2 28.7 

~ 0.3 29.0 

@ 0.2 29 . 2 

The rock face on the right (Figure 4) has a com­
plex geological history. As you face the outcrop, the 
rock jutting out on the right is a volcanic breccia with 
angular fragments from 0.1 to 7 in long. On the left is 
black basaltic lava flow rock. The 2-ft-wide vertical 
band of rock in the center is a dike. Between the dike 
and breccia and between the dike and basalt are zones of 
zeolitic and hydrothermal alteration. The flat face 
on the breccia next to the alteration is a fault plane. 
SlickenSides, polished and striated (scratched) surfaces 
resulting from rocks moving past one another along a 
fault, occur high on this fault plane against the al­
teration zone. The slickensides dip toward the road 
slightly, showing that movement along the fault was 
most ly horizontal. The dike is parallel to the fault 
plane . Massive and crystalline calcite occur within 
the alteration zone. 

Examine the black basalt on the left. Just above 
the road level, you can see quartz and another type c.f 
volcanic breccia. Fragments of basalt, dbout 1 or 2 in 
across, are cemented together by white quartz (Figure 5). 
The geological events at this stop include the faulting 
of two different types of rock against each other. Then 
a dike intruded along the zone of weakness c reated by 
the faulting. The basalt was crushed duriny faulting, 
forming a small breccia zone within the basalt. Hot ­
water action produced zeo l itic alteration. At this 
stop , yellow and brown clay minerals formed, i n con­
trast to the green minerals found at checkpoint 12. 
The water here may have been hotter and more highly 
mi neralized than the water at checkpoint 12. 

Arrastra mine, located a short distance up Walker 
Creek dnd abandoned about 1900. An ore- 9rinding mill 
called an arrast ra, powered by water from a falls in 
Sharps Creek, was set up on the flat area between 
Sharps and Walker Creeks. Here ore was crushed to 
powder and gold was separated from the crushed are. 
Although no evidence of the old arrastra remains, you 
maJ be able to find where holding bolts were fastened 
to the rocks. 

Yellow-brown alteration in roadcut to left. This 
l OO- ft zone has been sillcified and pyritized, making 
the rock so hard and resistent to erosion that it formed 
the falls used as a water source for the arrastra. These 
types of alteration zones or areas within them are often 
gold bearing. 

Gold Bottom unimproved campsite on the right, part 
of an old mining site. At the creek below the parking 
area, a cut ~:as driven into a pyritized and silicified 
white- to gray-colored fracture zone. Small pyrite 
crystals and seconda ry quartz veinlets can be seen on 
broken rock surfaces in this zone. Apparently values 
were nonexistent or too low to warrant mining. 

Umpqua National Forest boundary sign. This forest 
of about 980,000 acres is managed by the U.S. fo rest 
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Figure 4. Checkpoint 15 . 
At left is basaltic 
lava. flow rock; in 
oantBr is alteration 
lIonB cut by dike; at 
right i8 volcanic 
bNocia . 

FiguN 5. Breccia ceJYlSntsd by quartJ: (checkpoint 15). 
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Fi.gurw 6. Old Mineral Houl and P08t offiCfl l.oco.t.d at foot of Hazo<hcrab­
b14 Grads (checkpoint 2J) . (Phou, COlO"t48J1 Ray HdBCn) 

Figwoe 7. Giant8 8imiklr u, thou ds.c1'ibed at checkpoint 28. TM8B gi­
ant8 1Jel'e operated in J08epmns Count!l~ but 8imiklr ons8 1oJ8N' used 
in p!Qcer operations in the Boh4mi4 di8trict . 

100 



@ 0.3 32.8 

@ 1.5 34.3 

@ 0.7 35.0 

@ 0.1 35.1 

@ 0.9 36.0 

@ 0.7 36.7 

The 65-ft-long adit on the left is unsafe to enter 
beCause the back and hanging wall have loose rocks. The 
adit was driven on a 4-ft fracture zone bound by two 
parallel fault planes. The rocks have been silicified 
and pyritized. 

An adit driven subparallel to the road is on the 
left. It follows a small fracture system for about 
40 ft. The rock has been silicified and pyritized. 

Road junction. Glenwood sign. Turn right for a 
side trip to Shane Saddle. 

Glenwood cabin. In a switchback part way up Hard­
scrabble Grade was a way station, a small shelter in 
which mail and supplies were deposited for those who 
lived and worked near Shane Saddle, 2 mi to the south. 
A placer mine at the same site employed the hydraulic 
system, using powerful jets of water to loosen alluvial 
material containing gold deposits and wash it downhill. 
Water from the stream above traveled through a hose and 
was forced through a nozzle, called a giant (Figure 7). 
The dirt, sand, and gravel accumulated in the stream 
bed was channeled into sluice boxes, from which the 
gold was recovered. Even today the nearby stream can 
be panned for a few flakes of gold. 

In the roadcut in front of the cabin are thin­
bedded, flat-lying shale and sandstone beds, evidence 
that a body of water such as a lake existed in this area 
at one time (Figure 2, May 1978 Ore Bin). By walking 
down the hill below the cabin toward the creek, you 
can see a thick sill of andesite which has intruded 
along the bedding of the sedimentary rocks. This sill 
is about 50 ft thick, and the top of it forms a flat 
plane on which the stream is flowing. This plane also 
formed a trap for placer gold. 

Wet Canyon. These sedimentary rocks have been al­
tered; those near the cabin were not. Note the small 
dike (Figure 8) intruding the country rock on the east 
side of the canyon. The dike has elongated vesicles, 
and some of these gas-formed holes are filled with white 
minerals called zeolites. Both the sedimentary rocks 
and dike have been silicified, making the rocks hard, 
and chloritized, making the rocks green. 

Adit at the left just before you cross a small 
stream. This was the Bull Lead mine (Figure 9). The 
adit was driven along a silicified zone which has sparse­
ly disseminated chalcopyrite, galena, and sphalerite 
and considerably more disseminated pyrite. Pyrite can 
also be found along fractures, as can cockscomb and 
drusy quartz. 
. This adit is reasonably safe to enter. It was 

driven into hard, strong rock that should not cave in. 
The roof has a natural arch with no loose hanging rocks. 
No shafts have been dug below the tunnel, and no mine 
timber has been left to rot and form bad air. 

At 20 ft the adit forks; the right fork is 20 ft 
long and the left about 40 ft long. 
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Figure 8. Diks at W.t Canyon (chsckpoint 29) . 

Pigwoe 9 . Fork in odit at 8u!! Lead mine (cMckpoint 30). 
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Remember that most mines, tunnels, and shafts in 
the Bohemia and other mining districts are not safe to 
enter. 

Shane Saddle junction. Stop and park your car. 
A poorly maintained jeep trail starts about 200 ft 
east around the curve and leads to the northwest. 
Follow this trail for 600 ft to where it forks, and 
take the right-hand fork, which leads uphill for 
200 ft. 

An open cut on the right of the trail contains a 
narrow band of stibnite-bearing ore. 

This is the end of the side trip. Return to your 
car and then to the road junction at Glenwood (check­
poi nt 27). 

Road junction at Glenwood. Turn right and con­
tinue up the Hardscrabble Grade (Road 230). 

Road turns to the right. Note on left side of 
road a lava flow with 10 or more regularly spaced 
planes containing elongated vesicles (Figure 10). 
This lava is interbedded with tuff breccia and has 
been mapped by Lutton (1962) as part of a dome, a 
circular or oval accumulation of extremely viscous 
lava which, after having been squeezed from a volcano, 
congealed above and around the orifice instead of 
flowing away. 

To the left is the old Vesuvius mine cabin. A 
boarding house was once above the road. The Vesuvius 
veins were discovered and staked about 1895; claims were 
bought a few years later by the Ziniker and Graber 
brothers, who sold them to Vesuvius Mines Company in 
1902. By 1908 a ten-stamp mill was operating. The 
company also built a tramway and several buildings. 

Bohemia Saddle. Turn right for side trip to 
Bohemia Saddle Park. 

Bohemia Saddle Park, maintained by Lane County. 
This park is situated on top of the Musick mine's old 
workings. The square-planked area near the picnic table 
is the top of a sealed-off ventilation shaft. Do not 
try to lift the timbers to look into it, because you 
could take a 40-ft vertical fall into one of the larger 
stopes (mine workings). Following the trail going down 
and along the mountain slope, you can see where the 
California vein crops out and where the mine workings 
have reached the surface (Figure 11). This dangerous 
hole is nearly vertical and is protected only by a 
smooth wire fence. Stay back from the edge. 

This is the end of the side trip. Double back to 
Bohemia Saddle (checkpoint 35). 

Bohemia Saddle. By turning to the left onto 
Road 230-F you may take a side trip to a lookout point. 

Fairview Peak Lookout, elevation 5,933 ft. As 
you drive up to Fairview Peak, look for what appear 
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MAP OF THE BOHEMIA MINING DISTRICT 
Cartography by Kath Eisele 
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Figure 10. PLanes of vesicle8, caZl.ed 8heet ve8icle8, in lJO'Lcanic rock 
(checkpoint 33) . 

FiguJ"e 11. Part of oW Mu8ick mine wrking8 which have reached the 81.11"­
face (checkpoint 36). Shafts 'Like these are very dangerous , so 
stay ~y from them. 

106 



@ 1.2 45.1 

@ 0.6 45.7 

@) 0.2 45.9 

~ 0.6 46.5 

to be old roadcuts. These were part of the old Knott 
trail, built around 1870. The trail was wide enough 
only for a narrow wagon or sled, but it enabled mining 
and milling equipment to be brouqht into the district. 

On a clear day, from the lookout you can see the 
Coast Range to the west and the Three Sisters and 
other Cascade volcanic peaks to the east. On a very 
clear day the Pacific Ocean can be seen to the west; 
Mt. Shasta, California, to the south; and Mt. St. Helens, 
Washington, to the north. 

This is the end of the side trip. Double back to 
Bohemia Saddle (checkpoint 35). 

Bohemia Saddle. Turn left back onto Road 230 and 
go east toward Champion Saddle. 

The rock in a small open cut (6 by 10 ft) on the 
left side of the road and about 4 ft above the road bed 
(Figure 12) contains tourmaline of the schorlite variety. 
This site is hard to find, so drive slowly. On the way 
to checkpoint 39, the unimproved road to the left can 
be taken for a side trip to the old Forest Service 
Musick Guard Station, only 0.1 mi off Road 230. There 
you will see the old mule barn and guard station. 

Musick mine road. Turn onto the road on the right 
for a side trip to the Musick mine and BOhe1ia City town 
site. Beward of high-centering your vehicl . Porphy­
ritic basalt crops out on the right side of the road. 
The closer you get to the mine, the more epidotized the 
basalt becomes. Epidote gives the rock a greenish cast 
and forms a green coating along fractures. 

t~usick mine and Bohemia City. One of the most 
productive veins in the district, the Musick vein, was 
discovered in 1891 by James Musick, who organized the 
Bohemia Gold Mining and Milling Company. The mine was 
later purchased by the Oregon Securities Corporation, 
which also acquired the Champion and Helena mines. 
Consolidating operations at the Champion site, they 
built an electric railroad (Figure 13) to haul Musick 
ore over to the Champion stamp mill. 

When you return to Road 230, just past the junc­
tion you will notice an extremely level stretch, which 
was the grade of the narrow-gauge electric railroad 
that ran between the Musick mine and the stamp mills at 
the head of Champion Creek. After 1908, the mine was 
owned by various companies and ran periodically. By 
the 1950's, however, snow had collapsed most of the 
buildings. All that remained of the once-prosperous 
camp were some crushed snowsheds, the old Lundberg 
stage house (now being restored by the Cottage Grove 
Prospectors Club), post office, store, hotel, a few 
cabins, and the ruins of the stamp mill (Figure 14). 

Among hazards in the area are rotting boards and 
timbers with nails, and the mine adit is not safe to 
enter. 

In the mine dumps and along the road to the upper 
dump you may find specimens of galena, epidote, pyrite, 

107 



E'igunl 12. Toumatine occuzos in 
op4n out above road (cMck­
point 38). This stop is 
hard to findl 8Q watch MiZ.a­
age oaNfuUII. 
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once 1'an No ttJeen Musick Mine 
and ~ IrtiU. (Photo 
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chalcopyrite. sphalerite, cockscomb quartz, and. rarely. 
a flake of gold. 

End of the side trip. Double back to Road 230 
(checkpoint 39). 

Road junction. Turn right (east) onto Road 230. 

Champion Saddle. The old Knott Trail can be seen 
nearby. Here you may choose to stay on Road 230, going 
around the bend to the right. or you may instead take 
Road 2259, the Champion Creek road, to the left. The 
roads join at the junction of Champion and Brice Creeks. 

This road log first follows Road 230 to the junc­
tion; then it jumps back to this point again and de­
scribes Road 2259 from here to the junction. 

The road has crossed the saddle. and the roadcut 
is now on the right. The light-colored outcrop on the 
right is the Champion vein. From within 500 ft of this 
spot, $300,000 in gold values have been taken. The 
Champion vein also crops out alon9 Road 2259, so check­
point number 42 is used for both outcrops. 

The close relationship between granitic (grano­
diorite) intrusions and veins is shown here and at 
checkpoint 42. The vein cuts across the granodiorite. 
Hot water circulating during late stages of cooling of 
these intrusions was probably the source of metals found 
in the veins. The granodiorite looks unaltered; however, 
the green mineral epidote. an indicator of alteration, 
can be found along rock fractures called joints and in 
small veinlets. 

The rock on the right side of the road shows some 
propylitic alteration, which means it has a greenish 
cast because of the development of fine-grained chlorite 
and epidote. both green-colored minerals. The rock con­
tains a vein-fracture system along which up to 4-in 
quartz veins, containing euhedral, thumbnail-sized quartz 
crystals, have formed. 

Notice the grove of trees to the left and upslope. 
Their trunks are curved near the ground but become 
straight higher up. This curvature is caused by the 
weigh t of the annual 10- to l5-ft-deep winter snow 
pack as it creeps slowly downhill, deforming the bases 
of the saplings in the process. As you drive through 
the grove. also look to the right for trees with yellow 
metal plates. These trees are survey bearing-trees. 
By reading the plates. you can tell how close you are 
to a section marker . 

Road fork. Road 230 continues to the right, but 
you should take the left fork, Road 2243. which parallels 
the Noonday Ridge and its trail. The old Noonday (or 
Annie) Trail, built in 1892, was the main route for 
freight and supplies before Hardscrabble Grade and 
Champion Creek Trails were built. 

A roadcut showing an alteration zone to the right. 
The yellow-brown color is from the oxidation of the 
introduced pyrite. Near the center of the cut, you can 
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see a gray clay fault gouge zone. The fault may have 
acted as a channel for hydrothermal solutions carrying 
su lfur, wh i ch combi ned wi th iron in the wa 11 rock. to 
produce pyrite. This site, part of the San Francisco 
vein system, has been mapped by Luttor (1962) as a 
breccia zone or pipe. Breccia zones are often rich in 
ore. 

Turn left for'a short side trip on the unnumbered 
road which joins Road 2243 at the switchback. 

Take the fork to the left for a short distance and 
park in the grove of tall trees at the site of the old 
Ridge Hotel, which was located on the Noonday Trail 
(Figure 11, May 1978 Ore Bin). The hotel had lodging 
for both miners and animals. 

Double back to Road 2243 (checkpoint 48). 

Road junction. Turn left back onto Road 2243. 

Junction with Brice Creek and Road 2149. Turn left 
onto Road 2149 and follow the creek downstream. 

Here the road is about to pass through a small 
ridge of very hard rock which causes Brice Creek to 
make a horseshoe bend. The rock is hard because it is 
near a large granodiorite intrusion and has been subjected 
to propylitic or contact alteration. Near the creek, 
small, light-colored dikes are exposed in the bed rock. 

This is the east edge of a large granodiorite in­
trusion, molten igneous rock which cooled slowly under­
ground before reaching the surface of the earth. Not 
only was local ground water heated by this intrusion, 
but it was also changed in chemical composition. Heat 
from the slowly cooling granodiorite body affected the 
5urrounding country rock, both by direct contact and 
also by these hot aqueous solutions which circulated 
throughout the area. These solutions probably pro­
duced the major changes in the country -rock. The 
granodiorite was later exposed after cooling by uplift 
and erosion and can be seen in the roadcut on the left. 

On the left, high up on the slope, a granodiorite 
dike stands up like a wall. 

As you cross the Brice Creek bridge, look down­
stream to the right. When the Oregon Securities Company 
took over the major mines, it did a great deal of devel­
opment, including provisions for generating electrical 
power. A dam was constructed between two rock walls 
beneath the bridge on which Road 2149 crosses Brice 
Creek. A flume ran along the north bank of Brice Creek, 
and you can still see traces of the ditch that carried 
the water. The dam was removed several years ago by 
State officials to allow migrating fish to pass. 

You are at the junction of Champion Creek Road 2259. 
At this point, the road log returns to Champion Saddle 
(checkpoint 41). Those wishing to go directly to Cottage 
Grove from here should instead continue with checkpoint 
54 on page 113. 
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You are back at Champion Saddle. Now take the 
left fork, Road 2259. 

The little open cut to the right is the Champion 
vein outcrop. Look up and see where the vein crops out 
on Road 230. The checkpoint number 42 was used for both 
outcroppings of this vein. As you look down the valley 
you see a glacial cirque, a steep-walled, half-bowl-shaped 
recess caused by glacial ero~ion. 

Champion mine and mill. The building {Figure 15} 
back against the mountain slope is the 1,200-level adit 
portal house. Do not try to enter; the portal building 
is in bad shape and the adit is caved in. Take care as 
you look around. 

This mine was discovered in 1892, and a ten-stamp 
mill was built here in 1895. A thirty-stamp mill oper­
ated from 1902 to 1917 under the Oregon Securities Com­
pany and the West Coast Mines Company. The mine was 
idle until the period between 1932 and 1938, when 
various operators, including the Mahala Mines and 
the Bartels Mining Companies, produced nearly $100,000 
from the Champion. A flotation mill {Figure 12, May 1978 
Ore Bin} built in 1939 recovered other minerals in ad­
dition to gold, values which would otherwise have been 
lost. 

Some concentrates and ores were shipped inter­
mittently from 1939 until the early 1960's, but since 
then the mine has been inactive. In 1960 the Champion 
site still contained many buildings, including a machine 
shop, blacksmith shop, assay office, portal house, mine 
office, diesel electric plant, cookhouse, bunkhouse for 
75 men, flotation mill, and several smaller buildings. 
Now only the portal house and mill foundations remain. 

Minerals found on the Champion dump include quartz 
crystals, galena, sphalerite, and hematite. Because 
ore was transported over a· narrow-gage railroad from 
the Musick mine to be processed at this mill, the ore 
samples may have come from either mine. From where you 
stand, the railroad grade looks like a line; the end 
of the grade has a rock dump down$lope. The Musick 
ore came down to the mill level by tram. 

Golden Curry mine. The authors did not find and 
check this adit; therefore we warn you to stay out of 
it if you come upon it. 

Trixie mine. Stop and look at the two portals on 
the left, but do not enter. These adits are unsafe: 
the timber is rotted; and the bank and rock above the 
portal are ready to cave down. Look and drive on. 

The two adits on the left are not safe to enter. 
The first, about 65 ft deep, was driven along a fault 
zone. Material from this fault is falling into the 
porta 1. At the second, 10. ft deep, 1 arge rocks on the 
floor have fallen from the back {roof}. One large rock 
in the back is ready to join the others on the floor. 

The rock along the road is granodiorite containing 
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FiguN 14 . Musick mine and Bohemia City~ II1ith Nstored stage hoUBfI and 
poat offics (checkpoint 40) . In foreground is cOlJered porta~ and 
mine track. Stay out of mine . 

Figure 1~. md Champion mine porta~ house (checkpoint ~~) . 
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71.4 

0.7 66.1 
72.1 

2.9 69.0 
75.0 

2.6 71.6 
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Hobo campground on the right. 

Lundpark campground on the right. Lundpark, named 
after Alex Lundberg and Harry Parker, was an overnight 
stop on the way to Bohemia. Although nothing remains 
of the old buildings, Lundpark was once a bustling 
place. Parker ran the hotel, where nearly all of the 
men going up the mountain spent the night; Lundberg 
took care of the barn and warehouse. Freight from the 
Lundpark warehouse went up to the Champion mine two or 
three times each week during the summer. 

Water from the dam at checkpoint 54 ran a power­
house (Figure 16) on the north side of Brice Creek. 
Some of the concrete foundation remains. 

Cedar Creek campground on the right. 

Umpqua National Forest boundary sign on the left. 

Disston store to the right. The town of Disston 
was the easternmost end of the railroad started in 1902 
and completed by the Oregon Securities Company, which 
controlled the Champion, Musick, Helena, and Noonday 
mines. A post office was established here in 1906. 
With the railroad operating, supplies reached the mines 
in two days instead of three. 

You are now back on Row River Road. 

Junct i on with Layng Creek road. TU,!JLJ'i ght. onto 
Layng Creek road for a side trip to a fO~'S11 plant 
location. 

Forest Service Rujada campground on the right. 

Forest Service Road 2142 joins Layng Creek road 
on the left. On the right is the Forest Service Layng 
Creek Work Center. Turn left onto Road 2142. 

The Rujada fossil locality (Figure 10, May 1978 
Ore Bin). The thin-bedded shale and sandstones ex­
posed on both sides of the roadcut (Figure 17) contain 
up to 40 recognized types of plant fossils. Lakhanpal 
(1958) describes the fossil flora in detail. 

R. Upton and J. Anderson once established a logging 
camp nearby. The name "Rujada" is derived from their ini­
tials plus "da" for the Department of Agriculture. 

This is the end of the side trip. Return to check­
point 70. 

Row River road junction. Turn right. 

La Sells Stewart Park on the right. 
almost hidden by trees. The gravel road 
park crosses a private logging road that 
main road. 

The sign is 
leading to the 
parallels the 

The park affords a good view of Wildwood Falls, 
caused by Brice Creek's effort to erode a basalt flow. 
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FigwN 16. HydroeLectric powerhouse 
OnLy foundation Nm:Jins today. 

buiLt at LwndPark (checkpoint 66). 
(Photo courtesy Ray Nelson) 

Figwoe n. Rwjada fossil locality (chsckpoint 73). 
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LEVYNE IN THE WALLOWAS 

Donald G. Howard 
Physics Department, Portland State University 

Introduction 

The zeolite mineral levyne has been collected in a number of 
localities in Oregon. The purpose of this article is to report 
a new occurrence of this and other minerals in the vicinity of 
Aneroid Lake, Wallowa County, Oregon (Figure 1). 

Aneroid Lake lies 6 mi by trail (#1804) from the south end 
of Wallowa Lake State Park (Figure 2a). Details about the trail 
are given in "100 Oregon Hiking Trails" (Lowe and Lowe, 1969). 
Good campsites around the lake are available. The store and 
cabins are now on private property and should not be used with­
out permission. Current owners of the camp are the Halton Trac­
tor Company, Portland, Oregon. The camp is made available to the 
Portland YMCA, and several week-long trips to the area are usu­
ally organized during the summer. For further information, con­
tact the Metro Office of the Portland YMCA. 

Geologic units exposed in the Aneroid Lake area (Figure 2b), 
from oldest to youngest, are (1) Martin Bridge Limestone (1mb) 
- coarsely crystalline, locally metamorphosed Triassic limestone 
that forms many of the steep walls in the Wallowas; (2) Hurwal 

Figure 1. Index map showing Zo­
cation of WaZZowa Mbuntains. 
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Formation (Rh) - Tri­
assic siltstone and 
mudstone that makes up 
many of the crests of 
the Wallowa Mountains; 
(3) Late Jurassic-Early 
Cretaceous granitic in­
trusive rock (JKgd) -
light-colored granitic 
rock ranging in com­
position from quartz 
diorite to granodiorite; 
(4) Columbia River Ba­
salt Group (Tcr) -
fine-grained, dark­
colored Miocene flood 
basalt that once cov-



Figure 2a . Tr>ail from Wallow Lake to Aneroid Lake . 
See Figure 2b for targer soo'Le map sho!.1ing ge­
ol.ogy of Aneroid Lake area. 
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Figure 2b. Geology of Aneroid Lake area. Geology from Smith and 
Allen (1941). Levyne is found in Col~bia River Basalt out­
crop southwest of Aneroid Lake; garnets occur in Martin Bridge 
Limestone south of Aneroid Lake. Note that it is necessary 
to leave trail on southeast side of Aneroid Lake and go cross­
country via recommended route to reach zeolite locality. 

ered the entire region and now remains as cover for some Wallowa 
peaks. Columbia River Basalt feeder dikes occur in the mountain 
west of Aneroid Lake and elsewhere in the Wallowas. 

The ridge to the west of Aneroid Lake is composed of gra­
nitic rock that has been intruded by dikes and at one time was 
covered by basalt of the Columbia River Group. Several of the 
surrounding peaks, such as Aneroid Mountain to the east, are 
composed of Columbia River Basalt. South of Aneroid Lake and 
extending up to Tenderfoot Pass are rocks of the Martin Bridge 
and overlying Hurwal Formations. 

Locations of Minerals 

Garnet and other minerals 

Garnet-rich Martin Bridge Limestone is exposed on the slopes 
at the top of the meadow at the southern end of the lake and can 
be traced westward up toward the ridgetop above Jewett Lake and 
eastward across the ridge behind the cabins to a point near the 
south end of Roger Lake. The unit is several feet thick and dips 
steeply. The coarsely crystalline limestone is liberally sprin­
kled with crystals of grossularite garnet (Figure 3). Most of 
the garnets are opaque and irregular in form, but in some places 
sharp dodecahedral crystals can be found. Some of the garnets 
are an inch or more in diameter. In addition, diopside and blue 
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Figure 3. Dodecahedral, grossularite garnet crystal.s fowui. south 
of Aneroid Lake in Martin Bridge Limestone. lJa:ro = 0.25 in. 

calcite with clear, honey-brown garnet crystals have been found 
above Jewett lake . 

Se veral old mi ne tunnels are located near the Martin Bridge 
Limestone in the meadow and along the ridge to the east. The 
tailings show stains of malachite, which has apparently altered 
from disseminated grains of chalcopyrite and chalcocite. The 
Martin Bridge Limestone also contains considerable vesuvianite 
near the tunnels above the trail going south from Aneroid lake 
to Tenderfoot Pass. 

levyne 

levyne is found in vesicles in Columbia River Basalt occur­
ring on the very crest of the ridge to the west of the small , un­
named lake southwest of Aneroid Lake. This area lies about 1,200 
ft above the camp area, at an elevation of almost 9,000 ft above 
sea level (see Figures 2a and 2b). From this ridge, the view of 
the Ane roid and Roger lakes basin , the West Fork lake basin, and 
all the surrounding peaks is truly spectacular. There is no trail 
to the ridgetop, so the easiest route to it is to leave the main 
trail, go through the private cabin area and across the meadow 
at the south end of Aneroid Lake. following the central stream 
south and taking the canyon to the west . From there, go up along 
the face of the portion of the ridge to the left of the waterfall, 
across the unnamed lake basin, and up a short scree slope to the 

120 



top. The zeolite area is some distance south from the saddle 
along the top of the ridge, in rock at the base of a 12-ft-high 
"tower" (Figure 4). 

Various zeolites, including thompsonite, chabazite, apophyl­
lite, cowlesite, stilbite, and levyne, are found in vesicles in 
the basalt. Some occur as amygdules; most of the cavities are 
filled or lined with fibrous thompsonite, on top of which may 
be crystals of chabazite. There is no thompsonite lining, how­
ever, in the cavities in which levyne occurs. Chabazite crystals 
associated with sti1bite and calcite crystals covered with thomp­
sonite line cracks and cavities in the nearby rocks. 

Levyne 

Levyne (or levynite) is a calcium aluminum silicate of the 
chabazite group with the formula Ca[A12Si4012J·6H20 (Deer and 
others, 1963). Members of the chabazite group all have a similar 
atomic structure in the form of a framework of silicon aluminum 
oxide arranged in two types of structures: (1) 6-fold rings that 
form hexagonal prisms and (2) larger, cage1ike 8- or l2-fo1d 
rings. The various types of zeolites differ in the order of 
stacking of these units. The chabazite group, including chaba­
zite, gmelinite, and 1evyne, all crystallize in the rhombohedral 
system, but because of the subtle differences in internal struc­
ture, their crystal habits are quite different. Chabazite typi­
cally forms rather simple rhoinbohedrons; these "pseudo-cubes" 
make identification rather easy (Figure 5). Gmelinite also forms 
equant crystals, but with considerably more faces present. Levyne 
crystals are almost always tabular, with well-developed basal 
faces, which often give the crystals a bladelike appearance. 

Levyne was first collected from the Faroe Islands in 1825. 
It has also been found in northern Ireland; Table Mountain, Colo­
rado; Kamloops, British Columbia; and several places in Oregon, 
especially Ritter Hot Springs and a site along Beech Creek, north 
of Mt. Vernon (Figure 6). Crystals from these last two locations 
typically form thin blades occurring in basalt vesicles. They 
are white because of a surface coating of a thin, fibrous layer 
of another zeolite, offretite (White, 1975). 

When levyne from the Aneroid Lake area occurs within a cavity, 
it is the only mineral present within that cavity, with no evi­
dence of the thompsonite coating that fills neighboring vesicles 
and forms a base layer in those vesicles containing chabazite. 
The levyne crystals are clear and uncoated; their habit, while 
tabular, is not bladelike, but considerably more equant (Figure 7). 
The crystals are up to 1 mm thick and are clustered so that only 
a few faces of each crystal show. The habit resembles that of 
the crystals from the Faroe Islands, reported by Goldschmidt 
(1918), rather than those of the Ritter and Beech Creek locations. 
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...... "" .. zeo/ite locality 

Pigul'e 4 . Vieu looking /Jest ac1'OSS meadow south of Aneroid Lake to zeolite locality . Best way to 
l'idge is marked by dashed tine . Levyne and other> zeolites occur in basa1.t "towel''' i n center, 
directly above waterfan . 



Figu:t'6 5. Rhombohedral. chabazite f1'Om Aneroid IA.ke area, Wal.z.ow 
Mountains, Oregon. Bar :o 0. 25 in. 

Figu:t'6 6 . Levyns with covering of offretite . These cMjstal.s 
were found at Beech Creek, Oregon . Bar = 0. 25 in . 
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Figure 7. Levyne crystaZs from Aneroid Lake area, k'aUowa M:::lwt­
tains, Oregon . Bar> a 0. 25 in . 

'·lethod of Identification 

Identif i cation of zeolite mi nerals by chemical means is not 
practical . The zeolites have variable water content and can 
easily exchange cat ions (calcium replaced by sodium , fo r example) . 
~loreover , the ideal composition of most zeolites is ve ry nearly 
the same , in both quantity and qual i ty. Since diffe rences between 
these minerals are basically structural , i t is by crysta ll ographic 
means that they can be distinguished . 

The zeolite minerals from this location were identified using 
X- ray techniques . The method, often referred to as powder ana1y­
sis (Hu rl but , 1971) , has the double advantage that on ly a few 
mil ligrams of sample are required and the sample need not be a 
single crystal . 

The sample is ground very fine and made into a tiny rod using 
a non-crystalline binder such as model cement. A glass fiber 
coated with grease can also be used . The rod is mounted along the 
axis of a cylindrical metal housing , 36 cm in circumference , called 
a Oebye-Sherrer came ra (Figure 8) . A strip of film lines the in­
terior of the cyl inder. X-rays of a pa r ticular wavelength ente r 
f rom one side (in Figure 8, the l eft) , str i ke the sample , and are 
scattered by the planes of atoms in the minera l grains onto the 
film . The sample is slowly rotated so that the reflecting planes 
of atoms will all be brought into position to scatter X- rays. 
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Figure 8. Debye-Scherl'€r 
camera in position on 
X-ray rTUchine . Sample 
is mounted on rod in 
center of camera; strip 
of fiUn lines interior 
of cylinder; X-rays en­
ter camera from left 
via collirTUtor, strike 
sample, and are scat­
tered by planes of at­
oms in sample to var­
ious portions of fiUn. 
See Figul'€ 9 for pat­
tern produced on film 
by levyne sample . 

The film. when developed. shows a set of circular bands (Fig­
ure 9) . From the known dimens ions of the camera . the scatter ing 
angle corresponding to each band can be calcula t ed; and these. 
together with X- ray wavelength . are used to ca l culate the sepa­
ration between planes of atoms in the sample. 

The set of interatomic plane separations . together with the i r 
relat i ve ab i lity to scatter X- rays. as estimated from the degree 
of da rkening on the film , serves as a kind of "fingerprint" for 
any particular mineral . A card file of these patterns has been 
published by the American Society for Testing Mater i als (ASTM) . 

Figure 9 . X- ray scatter pattern from levyne. This positive 
print !.Us made from negati ve of fi Un p laced inside camera 
housing. Mineral identification is no~~lly made directly 
from negative. Rings labeZed 1/1," "2,1/ and "3" were used 
in primary identification. 
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QUARTZ IS SYMPOSIUM TOPIC 

The Pacific Northwest Chapter of the Friends of Mineralogy has 
scheduled its 4th Annual Northwest Mineral Symposium for Saturday, 
September 30 and Sunday, October 1 at the Ramada Inn South, Port­
land. 

Among the speakers will be Paul Seel, Si Frazier, and Lanny 
Ream. The conference theme will be quartz and associated minerals. 

Those attending will enjoy excellent displays of minerals and 
will have the opportunity to meet and enjoy conversation with such 
recognized dealers as Si Frazier, Dwight Weber, and John Metteer. 

For details and registration forms, write to: 
Robert J. Smith 
Friends of Mineralogy 
Box 197 Mailroom 
Seattle University 
Seattle, WA 98122 

* * * * * 
NUCLEAR PLANT SITES SUBJECTS OF OPEN-FILE REPORTS 

In January 1978 the State of Oregon Department of Energy re­
quested the Department's assistance in evaluating geologic in­
formation relating to the Trojan nuclear power plant site to 
determine whether any recently recognized facts relate to the 
safety of temporary spent fuel storage or plant operations. 

The Department prepared the 42-page Open-file Report 0-78-1, 
"Geologic Hazards Review, Trojan Nuclear Power Site, Columbia 
County, Oregon." 

The procedure embraced data collection, identification of 
plausible hazards, interpretation of data and geologic analysis, 
and summarization of findings with development of conclusions 
and recommendations. The final report includes a lengthy re­
ference list. 

To receive a copy of 0-78-1, write to the Department's Port­
land Office. The price is $4.00. 

The U.S. Geological Survey and Portland General Electric 
Company have conducted further studies since the 1974 Pebble 
Springs nuclear plant site was reviewed. 0-78-2, "Supplement to 
the February 11, 1974, Pebble Springs Review," discusses items 
raised since the 1974 report was made. 

The 1872 earthquake; additional information regarding the 
effect of explosive volcanic activity in the Cascade Mountains; 
the April 12, 1976, Deschutes Valley earthquake; and recent 
studies by Shannon and Wilson, consultants for Portland General 
Electric Company, are subjects considered in this open-file report. 
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CLASTIC DIKES IN SOUTHEASTERN OREGON 

Norman V. Peterson, District Geologist 
Grants Pass Field Office 

Oregon Department of Geology and Mineral Industries 

A group of clastic dikes are present in a cinder-scoria deposit 
about 2 mi south of U.S. Highway 20 southwest of Hines, Oregon 
(NW 1/4 sec . 2. T. 24 S .• R. 30 E.). The cla st ic dikes exposed 
in the quarry vary from a few inches to 18 in. in width and have 
crude vertical as well as horizontal layering. The material is 
pumiceous, tan to almost white. and ranges in size from fine ash 
to pumi ce lumps as large as 1 in. in diameter. 

At least five dikes trend in a northwest -southeast direction 
and can be traced for several hundred yards. Clastic dikes of 
similar material cut through layered pumice on the north side of 
Highway 20 at the same general northwest- southeast trend. 

The dike material appears to be of the same composition as 
the overlying layered pumice described as Tsv by R.C. Greene and 
others (1972). " ... pumice and pumiceous sedimentary rocks. 
light brown to white. slightly to moderate ly well consolidated; 

Figure 1. Clastic dikes found in ainder'-saoria quarry south­
west of Hines, Oregon . Dikes tr>end nor>thlJest-80utheast 
and can be tl"ar!ed for' sevemZ hwuired yards. 
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Pigu:re 2. Clastic dikes r>ange in thickness f'f'Ol'fl a few inches to 
18 in . and contain pumiceous nnterial. . 

ash flow tuff with abundant lump pumice, in part densely welded. 
Present on south side of Burns Butte , T. 23 S., R. 30 E." 

The dikes must have been emplaced very soon after the lay­
ered pumice was deposited, as the pumice lumps and the glass 
shard ash are angular and fresh looking. 

The length , width, and continuity of the f ractures which 
these dikes fi l led certainly suggest tectonic origin . Tensional 
forces from domi ng may have opened the fractures . r~echani sm for 
dike emp 1 acement is not apparent, a 1 though it appea rs tha t the 
clastic material came in from above. 

The elevation of about 4,160 ft is about 200 ft 10~Jer than 
Pleistocene sedimentary deposits of the Harney Basin , so it is 
possible that the dikes could have developed in a hydrous environ­
ment . The dikes are younger than the Pliocene sediments they 
cut , but no more about their age is knol1n. 

Reference: 

Greene , R.C. , l-lalker, G.H ., and Corcoran , 
map of the Bu rns Quadrangle, Oregon: 
11isc. Geol . Inv. t·lap 1- 680. 
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GEOTHERMA L SPECIALIST JOINS STAFF 

Joseph F. Riccio assumed the position 
of Geothermal Speciali st on the Depart­
ment ' s Port land staff in May 1978 . 

Riccio is a graduate of the Uni­
versity of Southern California, where 
he earned his Ph.D. degree in 1965. 

From 1955 to 1970 Ricc i o was Pres­
ident and Ch ief Eng ineering Geologist 
of Pacific So ils Engineering . Inc .• 
Harbor City, Ca lifornia . He has had 
pr i or geological experience with Roth­
child Oil Company . Santa Fe Spr i ngs. 
California. and International Petro­
leum, Bogata , Colombia. Between 1970 
and 1976 he was a consulting geologist 
;n Alabama and Ca l ifornia. 

In 1976 Riccio became Geothermal 
Development Manager of the Public Ser­
vice Depa rtment for Bu rbank . Califor­
nia, with responsibility for the city ' s 
geotherma 1 program. "5 ite-Spec ifi c 

Joseph F. Riccio Analysis of Hybrid Geothermal/Fossil 
Powe r Plants , " a study dealing with 

evaluation of hybrid power plants which combine geotherma l and 
coa l energy , is an Energy Research and Development Administration 
(ERDA) publicat ion to which Riccio contributed research. 

Currently , he is involved in the geothermal resource assess­
ment of Mt. Hood volcano and the statewide low temperature geo­
thermal resource evaluation for the Depar t ment . 

'* '* '* '* '* 
OIL ANO GAS SURETY BONOS FOR ORI LLING INCREASEO 

July 1, 1978 , the Department issued a temporary rule to amend 
Chapter 632 . Oregon Administrative Rule 10-010. The amendment 
raises the surety bond for drilling oil and gas wells from 
S4,OOO to SI0 ,OOO. 

This increase is necessary to make coverage commensurate 
with current drilling costs. The bond requirement for geothermal 
wells was set by statute at 510.000 in 1973. 

Anyone desiring a copy of the amended rule may write to the 
Department ' s Portland Office . 

'* '* '* '* '* 
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MOUNT BAKER'S CHANGING FUMAROLES 

Eugene P. Kiver 
Department of Geology 

Eastern Washington University 

Introduction 

The ORE BIN 
Volume 40, No.8 
August 1978 

On March 10, 1975, a dark fume cloud rising a few hundred meters 
above the subsummit crater (Sherman Crater) of 3,286-m-high 
(10,781-ft-high) Mount Baker (Figures 1 and 2) in the North 
Cascade Mountains of Washington generated considerable concern 
among scientists, government officials, and local residents 
(Frank and others, 1977; Kiver, 1975; Malone and Frank, 1975; 

121°30' and Rosenfel d and 
.~--:-:-c="",,~----:;"-------------'~ Sch 1 i c ke r , 1 976 ) . 
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FigUT'e 1. Index map of Mount Baker3 Wash. 
(Reprinted from Frank and others3 1977) 
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The substantial in­
crease in gas volume, 
temperature, and cer­
tain gaseous compo­
nents makes Sherman 
Crater one of the 
more interesting 
fumarolic areas in 
the conterminous 
United States. 

Because no sig­
nificant additional 
volcanic manifesta­
tions have occurred 
since 1975, the in­
tense concern over 
the mountain's im­
mediate future has 
subsided. Nearby 
reservoirs have been 
raised to normal 
levels and most re­
strictions on public 
use of the area have 
been removed. 

The present 



Figure 2. SheI'mCln Crater viewed from south in March 1975. Note 
vapor plumes from !Jest rim (left) and East Gap areas. Swn­
mit cNter is ice filled and thermally inactive. 

act i vity, however, could yet prove to be a pre-eruptive phe­
nomenon. Even if the volcano does not erupt, continuing shifts 
in fumarole l ocation and the elevated level of thermal activity 
have greatly increased the probability of large, destructive 
muds l ides and avalanches. 

A geothermal ice cave and fumarole study initiated in 1974 
in Sherman Crater and continued to the present enables documen­
tation of some of the physical and chemical conditions before 
and after the March 1975 event. The knowledge and experience 
gained at Mount Baker should prove usefu l in evaluating future 
therma l manifestations from Mount Baker and other dormant vol ­
canoes in the Cascade Mountains of both Washington and Oregon. 

Fumarolic Activity, Pre - 1975 

No doubt Mount Baker ' s fumaroles have been active since at 
l east the l B40's, when relatively reliable accounts indicated 
minor eruptive activity. Gibbs (1874) noted that since the 1843 
eruption, " ... smoke is frequently seen issuing from the moun­
tain." Whether the reference to "smoke" indicates fumarolic 
vapor or the more violent but minor eruptive activities of 1846 
(P l urrmer, 1893), 1854, 1858, 1859, and 1870 (Davidson, 1885) is 
not cl ear. E.T. Coleman's party, during the first successful 
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ascent of Mount Baker in 1868, and subsequent climbing groups 
reported sulfurous fumes and fumaro1ic activity in Sherman Crater 
(Co 1 eman, 1869). 

By 1940, when the first vertical air photos of Mount Baker 
were taken, fumarole activity had increased over the late 1800-
early 1900 level (Frank and others, 1977). In the 1940 photo­
graphs, fumarole vents and ice cave entrances were apparent on 
the west and northwest rim, and sub-ice fumaroles had melted an 
estimated 1,220 m (4,000 ft) of ice cave passages at the base of 
the crater ice fill. The largest fumarole was at the base of an 
ice pit 20 to 30 m (65 to 100 ft) deep near a crater rim breach 
called the East Gap. 

Air photos taken during the period from 1940 to 1974 show 
additional snow melt areas, indicating an increased heat flux. 
The largest change occurred in the southwest part of the crater, 
where an ice pit 46 m (150 ft) deep and 32 m (110 ft) wide ap­
peared some time between the 1960-63 airphoto flights (Figure 3). 

In August 1974, maximum fumarole temperatures were at the· 
boiling point of water (89-90°C) for this elevation of 2,950 m 
(9,650 ft). Volcanic gases were measured with commercially 
available detector tubes in which a known quantity of gas is 
pumped through a glass tube filled with chemical reagents. The 
length of the co1ormetric reaction of the reagents is proportional 
to the amount of a specific gas in the sample after pressure and 
temperature corrections are made. The results are reproducible 
to within ± 10 percent. In 1974, the CO 2 content of gases taken 
from the west rim fumaroles measured 19 percent; H2S content was 
0.0074 percent. 

Recent Fumaro1ic Activity 

An estimated tenfold increase in heat flux in March 1975 was 
accompanied by the appearance of new, superheated fumaroles (maxi­
mum measured temperature 131°C), numerous cooler fumaroles, a 
fallout layer of dust from a new vent in the East Gap, a doubling 
of CO 2 , a thousandfold increase in H2S, and considerable melting 
of the crater ice fill (Figures 4 and 5). Anyone of these changes 
could be a precursor to a true magmatic eruption. The grey dust 
cloud in early 1975 was associated with an enlarging steam vent in 
the East Gap. The ash and pumice fragments ejected are now re­
garded not as new magmatic material but as older debris torn from 
the enlarging vent wall (Frank and others, 1977). 

The enlargement of the sub-ice cave system (Figure 6) and the 
crevassing and collapse of the crater ice fill proceeded rapidly 
during 1975 (Figures 7 and 8) but subsequently slowed as ice came 
into equilibrium with the new thermal conditions. Occasional major 
shifts in fumarole location are still occurring and can cause some 
new adjustments in the ice fill. The present trend seems to in­
volve increasing fumarole activity on the west rim (Figure 9) at 
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Figure J. Southwest ice pit that appea1'ed between 1960 and 
1963. Large fwrnrole at base irtc1'eaeed in intensity in 
1975 but had mode1'O.ted greatly by stmmet' of 1977. (Photo 
courtesy Fred MUnich) 
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Figure 4 . East Gap Bupel'heated fumaroles buiZding Bul.[U'l' aones . Smal'l puddle of moUen sulfur wa:s 
found just inside vent in foreground. (Photo cOU1'tesy Fred Munich) 
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Figure 5. Crater take and 1.arge ice pit generated by increased funnrol,e activity in 1975. Lake i8 
40 x 60 m (130 x 200 ft) long~ 1 m (3 ftJ deep~ and has water temperature of 20°C. Water f10ws 
through syphon at base of ice wall. into East Gap beyond. Increased meLting produced rapid sub­
sidence and syncl.inal form in dark, annual QCcumul.ation l.aye1'8 on 27-m-high (BB-It- high) ice 
wall . (Photo courtesy Fred MUnich) 



Figuro 6. Geotherm:zl ice cave entmnce along west rim of Shernrm Cmter. Fluted ice Ullls and 
ceilings and bedrock or rubble !tOOl'S are typical . Gas masks are necessary for prolonged 
exposuro to sulflAI' and CO2 atmosphe1'e . Incroased heat flw: enlarged cross- sectional area 
of cave passages approximately 20 percent. (photo cOlAI'tesy Fred MUnieh) 



Figure 7. East Gap area in. 1975 as "large n.ew fwnaroles melt 
away east edge of cratep ice fill . (Photo courtesy 
Fred Munich) 
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Figure 8. Large, aupepheated fUmaroLe (T . > 110°C) deveLoped in 1975 undep gLaciep on nopthwest 
Bide of cratep, c~ating Zapge ice pit that enlapged in 1976. OVephanging ice collapsed in 
1977, and ice blocks bupied east side of cratep. (Photo courtesy Fred MUnich) 



Figure 9. View 80uth al.ong part of /Je8t Pim of SMl'man C'nlter. 
Some 8hifting of themal. energy from other fumarol.e area8 
to ~~8t rim occurred in 19?? (Photo courte8Y Fred MU­
nich) 
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the expense of fumaroles in the central vent (crater lake) and 
perhaps the East Gap areas. Total gas volume from Sherman Crater 
since March 1975 appears to be ~nchanged. 

The most recent change was first noted during a March 1978 
overflight. At the time of this printing, steam is discharging 
violently from a new vent system along the northwest rim of the 
crater where only small fumaroles formerly existed. Although 
discharge has fluctuated during the past few years, the total 
gas has remained well above 1974 levels and shows no signs of 
decreasing. 

Volcanic Gas Composition 

Increases in concentration of sulfur and other gases can be 
ominous signs preceding major eruptions (Tonani, 1971). Dramatic 
increases in concentration occurred from August 1974 through early 
September 1975 in at least the west rim fumarole field. The con­
centration of CO2 by volume nearly doubled, and H2S increased over 
1,000 times (Figure 10). Using airplane-mounted instruments, 
Radke and others (1976) measured a 3.7-fold increase of gaseous 
sulfur in the steam plume between March 27 and June 30, 1975. 
With an emission of 4,680 kg (10,300 lb) per hour, Mount Baker 
became one of the largest sulfur polluters in the Pacific North­
west. 

The 1976 and 1977 analyses show a reduction and leveling off 
of CO 2 and H2S (Figure 10), suggesting that the volcano is now 
less likely to erupt than seemed possible earlier. However, gas 
concentrations remain substantially above the 1974 level and should 
continue to be monitored. 

Some Conclusions and Observations 

(1) Small increases in thermal activity preceded by many 
years the 1975 steam eruption at Mount Baker. Similar types of 
changes on other Cascade volcanoes, if recognized, might give 
considerable warning of an impending volcanic event. 

(2) Eruptions from at least some of the Cascade volcanoes 
in Washington and Oregon are inevitable. Long-term detailed geo­
chemical and geophysical studies of all dormant Cascade volcanoes 
should be initiated so that repose conditions can be better under­
stood and changes that may later prove to have predictive value 
can be recognized. 

(3) The meaning of the increased thermal activity that be­
gan in March 1975 on Mount Baker is still unclear. It may have 
been a pre-eruptive signal, but its true significance may not be 
realized for many years. 

(4) Considerable shifting of vent locations in the crater 
has occurred since 1975. These dramatic changes are apparently 
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Figure 10. Hydrogen suZfide and carbon dioxide concentrations, 
1974-1977. 

related to gases finding new pathways through the highly fractured, 
altered rock in the crater area. This type of change, as well as 
apparent changes in visible steam emission that accompany cold 
weather conditions, have no relation to the volcano's eruptive 
potential. 

(5) Floods and mudflows are the most common geologic hazards 
associated with volcanoes of the Cascade Mountain type, both in 
Washington and in Oregon. Mudflows are mixtures of water and 
debris that can move at more than 80 km (50 mi) per hour on steep 
slopes and cover the valleys below in a matter of minutes. Mud­
flows are sure to occur in a true eruption but can also be trig­
gered during noneruptive phases by earthquakes, landslides, and 
steam activity. 
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The highly altered rock, oversteepened slopes, and abundance 
of meltwater in the crater area create an ideal situation for 
generating destructive mudflows. The shifting fumarole activity 
suggests structurally weak rock and sediment that could be water­
saturated and capable of rapid, catastrophic movement. 

(6) As man makes increasing use of land surrounding Mount 
Baker and the other Cascade volcanoes, it becomes imperative to 
recognize the potential hazards associated with these giant vol­
canoes and use the surrounding lands in such a way that losses in 
life and property will be minimized. 
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DOMESTIC EXPLORATION FOR MATERIALS 
Philip H. Abelson, Science Editor 

[Excerpts reprinted by verbal permission from Science, July 7, 
1978, v. 201, no. 4350, p. 7.] 

A civilization with a high standard of living is dependent on 
adequate supplies of many kinds of materials. Some elements are 
of critical importance. For example, chromium is an essential 
component of low-corroding stainless steels. Cobalt is needed 
to bond diamonds in cutting tools. The United States is dependent 
on outside sources for supplies of these and more than a score of 
other elements. 

This country began the 20th century with more than its share 
of easily exploitable domestic resources. American prosperity and 
assurance of raw materials were reinforced by the results of geo­
logic exploration elsewhere. Therefore, in the 1950's and early 
1960's large parts of the world's oil and mineral reserves were 
owned by American companies. Most of the remaining reserves were 
under the control of friendly, stable governments. But great 
changes have occurred. The future of much of Africa is uncertain. 
American domination of foreign resources has ended. A long-term 
decline in the grade of domestic ore reserves has continued. 

With an economy increasingly vulnerable to disruptions of 
supplies, with security of supplies uncertain, and with a dimin­
ished ability to pay for imports, intensified efforts to lessen 
U.S. dependence on foreign sources are needed. 

Thus far there has been little action by the federal govern­
ment; on balance, the government has hindered efforts to increase 
mineral supplies. During the past decade large areas of the most 
promising public lands have been closed to exploration ..•. 

The quest for ore deposits is handicapped by lack of know­
ledge of how elements are mobilized in the earth. Many of them 
are present in an average abundance of a few parts per million or 
less. But when found in ores they may have been concentrated by 
a factor of 104 or more. 

Processes relevant to the genesis of ore deposits probably go 
back to the beginning of the solar system. Apparently this planet 
was assembled from heterogeneous materials and some of the hetero­
geneity persists on a large scale. The earth has been a laboratory 
in which many chemical separations have occurred .... 

Most of the ore that has been found in this country was dis­
covered by primitive techniques-you might say, by stumbling over 
it. Recently, the discovery process has been aided by results from 
Landsat satellites and by the concept of colliding tectonic plates, 
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but much of the physical chemistry of the mobilization of elements 
remains a mystery. For example, many ores occur as insoluble sul­
fides. How were the cations concentrated and brought to their 
final position? Where did the sulfur come from? If we under­
stood this process and others we could predict much better where 
and how to explore for ores. 

A decade or more elapses from the time of discovery of an 
ore body to exploitation. If this country is not to become a 
pawn in an international game of materials, it must begin to' 
develop a more vigorous materials policy. 

* * * * * 
MOUNT HOOD GEOTHERMAL RESOURCE ASSESSMENT PROGRAM ANNOUNCED 

The Oregon Department of Geology and Mineral Industries plans to 
drill 10 to 15 holes between 500 to 1,500 ft deep on the sur­
rounding Mount Hood to test temperature gradients. The drilling 
program, scheduled to begin August 15, 1978, will last for two to 
three months. 

Drilling on the 2,OOO-ft temperature gradient hole began 
July 20, 1978, at Timberline Lodge on the south side of Mount Hood. 
The hole is being drilled by Northwest Natural Gas for Wy'East 
Exploration and Development Company to test the possibility of 
the existence of hot water in the Pliocene-Pleistocene flows 
forming Mount Hood. Craig White, University of Oregon, will age 
date some of the flows with cuttings from drilling. 

Drilling by Northwest Natural Gas is scheduled to commence 
August 1, 1978, to deepen the Old Maid Flat hole on the west side 
of Mount Hood from an existing depth of 1,850 ft to 4,000 ft. This 
hole, which will provide temperature gradient data and chip sam­
ples that can be used to determine stratigraphic sequence, is 
presently in late Miocene-early Pliocene Rhododendron Formation 
but is expected to reach and test the possibility of hot water 
in the underlying Miocene Columbia River Basalt. If fluids are 
encountered, geochemical fluid analyses will be conducted. Basalt 
chip samples will be analyzed by Marvin Beeson, Portland State 
University, as part of his study of the stratigraphy of the 
Columbia River Basalt surrounding Mount Hood. 

* * * * * 
GEOLOGISTS APPLY FOR REGISTRATION 

As of July 21, 1978, 460 geologist applications and 262 engineer­
ing geologist applications have been received by the Geologist 
Licensing Board. Applications have come from South America, 
South Africa, Singapore, and Europe. After September 30, 1978, 
qualified geologists will be required to pass a written examina­
tion before being registered. 
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NEW BIBLIOGRAPHY SUPPLEMENT RELEASED 

Latest publication released by the Department is Bulletin 97, 
Bibliography of the Geology and Mineral Resources of Oregon 
[Sixth Supplement]. 

The list was prepared by GeoRef, the American Geological 
Institute's computer data base service. The Department's librar­
ian cooperated in the effort by obtaining information not already 
in GeoRef. The result is a most comprehensive compilation. 

Bulletin 97 contains some 1,400 items published during the 
period from January 1, 1970, through December 31, 1975. Contents 
include a list of some 150 serials, the bibliography itself, sub­
ject index, county index, and rock-unit index. 

Sale price is $3.00. See inside front cover for addresses 
of Department offices where Bulletin 97 may be purchased. 

* * * * * 
DRILLING HALTED ON COLUMBIA COUNTY GAS TEST 

Reichhold Energy Corporation, Tacoma, Washington, suspended 
drilling on its fourth shallow gas test hole in Columbia County 
on July 18, 1978, at a depth of 2,780 ft. The "DSC - Columbia 
County No.2" was located in the NE 1/4 sec. 14, T. 6 N., R. 5 
W., approximately three-fourths of a mile northwest from the 
town of Mist. Reichhold also has put down gas test holes in 
Tillamook, Polk, and Marion Counties. The company has not an­
nounced any commercial discoveries for the seven wildcats drilled 
thus far in northwestern Oregon. 

Diamond Shamrock Corporation, Houston independent, was a 
partner on the last three holes in Columbia County. 

* * * * * 

MOBIL OIL SPUDS OAKLAND GAS TEST 

Mobil began drilling July 10, 1978, on what will very likely be 
the deepest well yet drilled in Oregon. The company plans to 
drill to a depth of 14,000 ft at a location 4 mi east of the town 
of Oakland. The site is located in the SW 1/4 sec. 36, T. 24 S., 
R. 5 W., Douglas County. Drilling began in the Roseburg Forma­
tion (lower part of what was formerly called the Umpqua Forma­
tion, lower Eocene age). Mobil hopes to explore pre-Tertiary 
rocks at this location with natural gas production as the objec­
tive. 

* * * * * 
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SOAPSTONE INDUSTRY IN SOUTHWEST OREGON 

Norman V. Peterson, Resident Geologist 
and 

Len Ramp, District Geologist 
Grants Pass Field Office 

Oregon Department of Geology and Mineral Industries 

"Soapstone" is a general term used to describe a metamorphic rock 
composed essentially of the mineral talc, a soft hydrous magne­
sium silicate mineral. The term is sometimes applied to all mas­
sive gray to bluish or greenish talcose rocks which are slippery 
and easily carved with hand tools. Steatite is a variety of talc­
bearing rock which has fewer impurities than soapstone. 

The mineral talc, M9 6 (Si s02o )(OH)4' and the rock soapstone 
are extremely versatile materials and have a great number of uses 
as industrial products. Talc's extreme softness (1 on Mohs' scale 
of hardness); the ease with which it can be ground into an ultra­
fine, white powder; its chemical inertness, high fusion point, 
low water absorption, low shrinkage when fired, low electrical 
and thermal conductivity, and high reflectivity make it useful 
as a ceramic tile base; paint extender; filler in rubber, paper, 
roofing, and plastics; and a diluent or carrier for pesticides. 
It is also used in rice and peanut polishing and salami dusting. 
Cosmetic-grade talcum powder is produced from steatite-grade talc. 
In the massive form, sawed soapstone slabs are used for laboratory 

STATE OF OREGON tab 1 e tops and s i Il'ks, cut 
pieces for crayons to mark 
steel, and irregular blocks 
for art carving. 

Carving of soapstone was 
probably the earliest use; 
art objects and cooking 
utensils carved by pre­
historic Indians have been 
found in California (Wells, 
1975). In the mid-1800's, 
early-day California settlers 
used soapstone for ornamental 

k=~==~==~==~==~==~==~==~~ and building stone, chimneys, 
Figure 1. Map showing location of 

soapstone deposits. 
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furnace linings, and founda­
tions. 



Figure 2. Looking west along Elliot Creek Ridge . Soapstone is being quarried from cut on Zowep Zeft . 



In talc and soapstone production statistics, art carving is 
li sted as a minor use. It is, however. the basis for a small but 
steadily growing Oregon industry based in Grants Pass. Steatite 
of Southern Oregon. Inc .• a family-owned and -operated company. 
mines and markets varicolored soapstone pieces and blocks for 
art carving throughout the western United States. Canada. and 
Alaska. In 1967, the company, founded by John H. Pugh of Grants 
Pass. began selectively mining pieces of soapstone from a land­
slide deposit on Powell Creek near Williams. Oregon. Their main 
source now is a group of relatively small occurrences in the upper 
Applegate-Squaw Creek-Elliot Creek Ridge area (secs. 9. 10, and 11. 
T. 41 S., R. 3 W.) in southern Jackson County (Figures 1 and 2). 

Geology 

Talc and soapstone deposits occur main ly with altered ultra­
mafic igneous rocks or in metamorphosed dolomite. The known 
southwestern Oregon occurrences are all associated with serpen­
tinized ultramafic rocks and are typical of this type of deposit. 
They occur as sheared lenses within or selvages on serpentinites. 
The talc alteration varies from thin selvages (Figure 3) to com­
plete replacement of the serpentinite mass. 

The tal c and associated magnesium-bearing mi nerals are formed 
by the reaction of serpentinite with carbon dioxide or with si li­
ceous country rocks in a suitable temperature and pressure environ­
ment . The deposits along Elliot Creek Ridge are in lenses and 
irregular pod-shaped masses of altered serpentinite within rocks 
mapped as older schists and schists of pre-Mesozoic age by Wells 
(1940. 1956). Hotz (1967. 1971) mapped and named simi lar rocks 
south of the border in California as the schists of Condrey Moun­
tain and suggested possible correlations with similar California 
rock units from Mississippian, Triassic. and possibly Upper Juras­
sic rocks of the Galice Formation. Metamorphic age of these rocks, 
determined by potassium-argon analysis of muscov ite. is 141 m.y., 
or late Jurassic. 

The schists, tightly folded and moderately metamorphosed . 
occur as a window beneath thrust plates of Triassic metamorphic 
rocks of the Applegate Group. The metamorphism which has changed 
fine-grained clayey sedimentary rocks to quartz mica and graphite 
schists and volcanic rocks to actinolite-chlorite schist (Figure 
4) i s believed to have been localized along the sole of a major 
thrust fault. Tectonically injected serpentinites appear to have 
been partly or completely altered during this period of tectonic 
metamorphism to talc, tremolite, chlorite, and silica-carbonate 
rocks. 

Secause the outcrops of altered serpentinite which contain 
the soapstone deposits are slightly more resistant to erosion 
than the surrounding schi st. they form rough, craggy knobs and 
ridges at or near the crest of Elliot Creek Ridge. Soapstone 
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Figu:re 3. Surface boulder> conposed par>tly of soapstone and 
par>tly of serpentinite. This incomplete alteration 
makes selective mining necessary . 

Figure 4. Tightly folded and Cl'enuZated quarta-mica-graphite 
schists, country rocks along Elliot creek Ridge wher>e 
soapstone deposits occur . Note hand lens for> scale . 
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exposed at the surface is found as thin to thick selvages on the 
edges and as pods within the medium-grained, greenish metaser­
pentinite. Pyrite and limonite pseudomorphs of pyrite are pre­
sent in the soapstone and in the enclosing schists. The pyrite 
occurs mainly in cubic form and is so abundant in some of the 
soapstone that it makes the rock unsuitable for carving. Green 
to brown chlorite, green to pale gray actinolite and tremolite, 
crystalline talc, and chrysotile are other minerals present in 
the soapstone outcrops. Magnetite, chromite, and black dendritic 
manganese minerals are also occasional accessory minerals found 
in the soapstone. The color of the massive soapstone is highly 
variable but is generally greenish gray. Sinuous patterns and 
color mottling that show original rock textures are visible on 
sawed or cut surfaces. In some places, former chrysotile vein­
lets have been completely replaced by talc without loss of the 
chrysotile structure (Figure 5). 

Some of the Elliot Creek Ridge soapstone has small oval holes 
up to 4 cm in diameter extending downward from the surface, some­
times branching or intersecting (Figure 6). The inner surface 
of the holes has a striated pattern. At first, it appeared that 
soluble minerals had been removed from the rock by near-surface 
weathering. Cross sections, however, indicate that holes begin and 
end in massive talc and that material was more likely physically 
removed. Therefore, the most plausible explanation for these 
holes in the rocks is that at the base of the soil zone, small 
rodents such as moles, mice, or shrews encounter the soft rock 
and continue their burrows for a short distance into it. 

Soapstone is mined selectively, using a large backhoe and 
small front-end loader (Figure 7). Blocks of good-quality soap­
stone weighing up to several tons (Figure 8) are removed and 
trucked to a staging area at Dividend Bar on Squaw Creek, about 
2.5 mi from the mine, where they are sorted, sized, and cut into 
blocks for shipping (Figure 9). Basic equipment at the staging 
area is a front-end loader for moving large blocks, gang saw, 
band saw, and table trim saw. Marketing, packaging, and shipping 
are done from a small shop at the Pugh residence in Grants Pass. 

Developing a market for an industrial mineral deposit usually 
takes many years of persistent and dedicated work, and the Grants 
Pass soapstone operation is no exception. After 10 years, orders 
for ton lots are being received, whereas formerly they were for 
samples or a few pieces. Acceptance of the good-quality soap­
stone by carvers from allover the country, including Alaska, and 
Canada now keeps the Pughs busy filling orders (Figure 10). This 
mineral industry still has to be considered small, but it contri­
butes important employment and new wealth for Oregon. 

The company is looking into the possibility of producing 
pulverized talc as a byproduct of the block operation. 
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Figure 5. Closeup of soapstone surface ~hich clearly shows talc 
peewiomorphs after chrysotile . Area shoun in photo has 
been completely altered to talc . 

, . , 

'. 

, ... . ' 

Figure 6. OVal -shaped holes on surfaces of soapstone blocks are 
believed to be nodent burrows . 
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Figure 7. Soapstone bwcks are removed and loaded IJith 1.arge backhoe and smaller front -end waders 
for hau1.age to Dividend Bar3 where they are stockpiled. 



Figure 8. U:u>ge bloak 
of near ly pure 
soapstone on 
Elliot Creek 
Ridge . 

". • 

Figure 9. Soapstone i8 80ft enough to be tl'inmed by chain saw~ 
band saw, or othel' saw with speeia'L'Ly hat'dened teeth. Here 
it is being aut with a speeia'L gang sat.) into specifie sizes 
fol' marketing . 
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Figure 10. Carvings produced from southern Oregon soapstone . 
(Photo couptesy John Pugh) 
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u.s. SCIENTISTS MAP POTENTIAL HAZARDS FROM VOLCANO IN ECUADOR 

A map showing potential hazards from future eruptions of Cotopaxi 
Volcano, Ecuador, has been compiled by scientists of the U.S. Geo­
logical Survey, Department of the Interior, with the assistance of 
an Ecuadorian scientist. 

Cotopaxi, a 19,347-ft (5,897-m) volcano located about 35 mi 
(56 km) south-southeast of the capital city of Quito, has erupted 
more than 50 times since 1738; at least five of the eruptions re­
sulted in significant loss of life and property. Future eruptions 
are likely to endanger people, property, and agricultural land, 
especially in the broad valleys which lead away from the flanks 
of the volcano. 

In November 1975, Cotopaxi showed signs of geological "rest­
lessness" and began emitting heat and steam, with resultant melt­
ing of ice and snow near the crater rim. This activity -- notably 
above the town of Mulalo near the western base of the volcano -­
suggested the possibility of an explosive eruption with resulting 
large mudflows. 

With the possibility of an eruption and mudflow in mind, 
Ecuadorian officials requested U.S. assistance in monitoring the 
activity of Cotopaxi and assessing the nature of the potential 
hazards posed by the volcano. Responding to the request, which 
was made through the Office of Foreign Disaster Assistance, Agency 
of International Development (AID), three USGS scientists -- C. Dan 
Miller, Donal Mullineaux, and David Harlow -- were sent to Ecuador 
to assist Ecuadorian scientists in evaluating the situation. 

The USGS map and accompanying text, prepared by Miller, Mul­
lineaux, and Minard Hall of the Escuela Politecnica Nacional at 
Quito, summarize the results of their investigations. The map 
shows the hazard zones around Cotopaxi related to eruptive phe­
nomena (mudflows, ashfalls, etc.) likely to occur in the future; 
the text describes the hazards associated with such eruptions. 

The cone of Cotopaxi itself constitutes a zone of maximum 
hazard from future avalanches of hot rock debris, lava flows, 
mudflows, and floods. Main valleys leading away from Cotopaxi 
are divided into zones of severe hazard and lesser hazard from 
future mudflows and floods. Ashfall-hazard zones delineate a 
large sector southwest, west, and northwest of Cotopaxi into 
which prevailing winds will carry volcanic ash from most future 
eruptions, and a smaller area west of Cotopaxi where the hazard 
from ashfall is greatest. 

The text accompanying the map also outlines measures which 
can be taken to reduce loss of life and property in the vicinity 
of Cotopaxi before, during, and after future eruptions. Some 
general measures include: 

1) Identification of areas of potentially high hazard 
from the map, along with kinds of events that can be 
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expected to affect them so as to provide for contin­
gency planning. 

2) Development of seismic and other instrumented moni­
toring systems to detect earliest signs of volcanic 
activity. 

3) Development of effective plans to improve communica­
tion and public awareness before an emergency situ­
ation develops. 

Some specific recommendations of actions to reduce losses in 
zones of severe hazard when an eruption appears imminent are also 
given in the text of the map. 

Cotopaxi, one of numerous volcanoes that rise above the Andes 
Mountains of South America, has a long history of historic and 
prehistoric eruptions. Beginning with 1742, at least five major 
eruptions of Cotopaxi have caused death, injury, or widespread 
property and crop damage. An eruption in 1877 triggered a large­
scale melting of snow and the formation of devastating mudflows, 
which extended more than 60 mi (100 km) from the base of the 
volcano. Major activity also took place during the period 1532-
1534, but no reports of the effects of that eruption are avail­
able. 

Since 1742, eruptions at Cotopaxi have occurred at an average 
rate of about one per 10 years. These eruptions, however, did not 
occur at regular time intervals, but were clustered in episodes 
that were separated by quiet intervals of variable length. The 
duration of such quiet intervals cannot be predicted. At the 
present time, Cotopaxi has been inactive for at least 36 years, 
and perhaps as long as 74 years. 

Robert I. Tilling, chief of the Office of Geochemistry 
and Geophysics at the U.S. Geological Survey's National Center, 
Reston, Virginia, said that the investigations at Cotopaxi should 
prove the value of hazards assessment in advance of a potentially 
dangerous situation. 

"Such assessment," Till ing said, "is similar to that being 
carried out on the potentially active volcanoes of the Cascade 
Range in the northwestern United States. If Cotopaxi does erupt 
and does produce destructive mudflows, we may have an irrmediate 
test of our hazards evaluations, and the knowledge learned should 
materially improve the Survey's volcano hazards studies in the 
western United States." 

Copies of the map showing potential hazards from Cotopaxi 
Volcano, published as USGS Miscellaneous Geologic Investigations 
Map 1-1072, may be purchased from the USGS Branch of Distribution, 
1200 South Eads Street, Arlington, VA 22202, at $1.50 per copy 
(checks or money orders payable to the U.S. Geological Survey). 

* * * * * 
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MINERAL EXPLORATION EXPENDITURES SUMMARIZED 

Donald A. Hull, State Geologist 
Oregon Department of Geology and Mineral Industries 

Oregon's varied geologic environments contain a diverse group of 
mineral and energy-mineral resources and potential resources. 
The spectrum of mineral products produced historically in Oregon 
ranges from common varieties, such as sand, gravel, and crushed 
stone, to rarer metallic commodities, such as nickel, mercury, 
gold, silver, copper, and chromium. 

Included in past production are mineral commodities such 
as uranium that are basic sources of energy. In recent years, 
the State has witnessed a relatively high level of exploration 
for a variety of minerals, including petroleum and natural gas, 
which have never been produced in commercial quantities here. 

A recent survey of exploration activity reveals that expend­
itures for metallic mineral exploration in 1976 and 1977 exceeded 
$2.3 million and $3.6 million respectively. Most of this money 
was spent in searching for copper and gold, with lesser amounts 
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for uranium, nickel, and zinc. Metallic mineral exploration has 
been concentrated in the Blue Mountains; the second most active 
area has been the western part of the Cascade Range. The Klamath 
Mountains in the southwestern part of the State and the Basin and 
Range area of south-central Oregon have also received important 
attention from prospecting groups. 

Detailed petroleum and natural gas exploration totals are 
not yet available, but statewide expenditures for both 1976 and 
1977 are estimated to be in excess of $2 million and may have ex­
ceeded the totals for metallic mineral searches in these years. 
The areas of prime interest for oil and gas in recent years have 
been the Coast Range, southern Wi11amette Valley, and northern 
Harney County, in the central part of the State. 

In 1976 and 1977, the search for geothermal energy by private 
companies resulted in expenditures exceeding $1.4 million and 
$600,000 respectively. The lower 1977 total is due to the lack 
of deep production drilling by industry in that year. In 1977, 
the geothermal resource assessment expenditures by various public 
groups, including Federal, State, and university organizations, 
were approximately the same as the industry costs, whereas in 
earlier years, the private sector conducted most of the geothermal 
resource assessment work. 

Although most of the geothermal energy exploration and much 
of the metallic minerals prospecting are conducted on Federal 
lands, recent petroleum and natural gas drilling has been prin­
cipally on private acreage. The future level of exploration for 
mineral and energy resources in the State is difficult to fore­
cast; it is dependent upon economic conditions as well as public 
policies regarding taxation and land use. 

* * * * * 

IRVING RAND DIES 

Irving Rand, a well-known mining attorney and son of a pioneer 
family, died July 20th in Baker,_ the city in which he was born 
October 27, 1896. During his 81 years, Rand led an active life 
both professionally and in many civic undertakings. After being 
educated at Dartmouth and Harvard, he was admitted to the Oregon 
State Bar in 1922. He practiced law in Portland for many years 
before returning to Baker to retire and devote his energies to 
various charitable activities. He was widely known as one of 
the few attorneys in the area having a comprehensive knowledge 
of mining law. 

* * * * * 
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NMA SCHEDULES EXPLORATION GEOPHYSICS COURSE 

The Northwest Mining Association preconvention short course sched­
uled November 27, 28, and 29 at the Davenport Hotel in Spokane, 
Washington, has been approved for graduate credit by Eastern 
Washington University. 

The course, titled "Practical Geophysics for the Exploration 
Geologist," has been developed by R. "Dutch" Van B1aricom, super­
visory geophysicist for the exploration office of Cominco American, 
Inc. It will present the practical application of six basic geo­
physical methods to mineral industry problems. 

The course is divided into two major parts: the first will 
briefly explain the theory of each geophysical method but con­
centrate on application of the method to include case histories 
and model results; the second will be a comprehensive study of 
the particular geophysical techniques to use for each class or 
type of metallic and nonmetallic deposit. 

The six basic methods to be covered in the course are (1) in­
duced polarization and resistivity, (2) gravity, (3) magnetics, 
(4) seismics, (5) radiometrics, and (6) e1ectromagnetics. 

Authorities to present each unit include Philip G. Ha110f 
and William H. Pelton, Phoenix Geophysics Limited; Don A. Hansen, 
ScienTerra, Inc.; Douglas J. Guion, EDCON (Exploration Data Con­
sultants, Inc.); Sheldon Breiner, GeoMetrics, Inc.; Douglas B. 
Crice, GeoMetrics, Nimbus Division; Jan Klein and Jules Lajoie, 
Cominco Limited. 

A text will be provided for the course and will be published 
as a formal volume for sale to the public after the course. 

Complete information regarding course content and advance 
registration requirements is available from the Northwest Mining 
Association, West 1020 Riverside Ave., Spokane, WA 99201. 

* * * * * 
NEW GEOTHERMAL GRADIENT DATA IS COMPILED 

Geothermal gradient measurements from water wells, mineral ex­
ploration holes, and oil wells have been presented in tabular 
and graphic form in the Department's latest open-file report, 
0-78-4, entitled "Geothermal Gradient Data." 

The data were collected between December 1976 and December 
1977 by Donald A. Hull, David D. Blackwell, and Gerald L. Black. 
Their measurements were made primarily in the Deschutes-Umatilla 
Plateau (Columbia Plateau), Cascade Range, and northern Wi11amette 
Valley physiographic provinces. 

The Department sells the report at its Portland office. The 
price is $5.00. 
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APPLICATIONS FOR PERMITS TO DRILL GEOTHERMAL WELLS 

Permit 
number Company Location 

Proposed 
depth (ft) 

32 Chevron Resources NW1/4 sec. 9, T. 18 S., R. 43 E. 2,000 
Malheur County 

33 Chevron Resources SWl /4 sec. 5, T. 18 S. , R. 43 E. 2,000 
Malheur County 

34 Wy I East 
Exploration 

35 Anadarko Oil 

36 Anadarko Oil 

37 Anadarko Oil 

38 Anadarko Oil 

39 Anadarko Oil 

40 Anadarko Oil 

41 Anadarko Oil 

42 Anadarko Oil 

43 Anadarko Oil 

44 Anadarko Oil 

NE1/4 sec. 7, T. 3 S., R.9 E. 2,000 
Timberline Lodge 
Clackamas County 
SE1/4, sec. 6, T. 33 S., R. 36 E. 2,000 
Harney County 
SW1/4 sec. 7, T. 33 S., R. 36 E. 2,000 
Harney County 
SW1/4 sec. 18, T 33 S., R. 36 E. 2,000 
Harney County 
SE1/4 sec. 14, T. 33 S., R. 35 E. 2,000 
Harney County 
NE1/4 sec. 14, T. 33 S., R. 35 E. 2,000 
Harney County 
SW1/4 sec. 34, T. 34 S., R. 34 E. 2,000 
Harney County 
NE1/4 sec. 8, T. 35 S., R. 34 E. 2,000 
Harney County 
SE1/4 sec. 10, T. 37 S., R. 33 E. 2,000 
Harney County 
SW1/4 sec. 13, T. 37 S., R. 33 E. 2,000 
Harney County 
NW1/4 sec. 22, T. 37 S., R. 33 E. 2,000 
Harney County 

* * * * * 
NOTICE TO ORE BIN SUBSCRIBERS 

Because of printing problems, some copies of recent ORE BIN issues 
were bound with blank pages. A few of these defective copies were 
inadvertently mailed to our subscribers. If you received a copy 
with blank pages, please notify the Portland office, and we will 
replace the defective copy. 

* * * * * 
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APPLICATIONS FOR OIL AND GAS DRILLING PERMITS 

Permit Proposed 
number Company Well name Location depth {ft) 

76 Agoil of Oregon Hay Creek NE1/4 sec. 23, 5,500 
Ranch #1 T. 11 S., R. 15 E. 

Jefferson County 
77 Agoil of Oregon Hay Creek NW1/4 sec. 6, 5,500 

Ranch #2 T. 11 S., R. 15 E. 
Jefferson County 

78 Farnham Chemical W. Smith NW1/4 sec. 32, 4,500 
#1 T. 11 S., R. 1 W. 

Linn County 

* * * * * 
NOTICE OF HEARING 

TO REVIEW CHANGES IN OIL AND GAS REGULATIONS 

Oregon oil and gas regulations have not been revised since 1956. 
Since then, some changes have been made in the statutes. The 
only significant change proposed at this time is to raise the 
amount of surety bond from $4,000 to $10,000. 

1. On September 12, 1978, at 9:30 a.m., a public hearing will 
be held in Room 773 of the State Office Building, 1400 S.W. Fifth 
Avenue, Portland, Oregon, to consider adoption by the State Geol­
ogist of revised rules governing oil and gas drilling. 

2. The Oregon Oil and Gas Rules are being revised to reflect 
modifications in the statute made since the rules were last amended 
in 1956. These proposed changes in the rules include amendments 
and the additions of new rules. 

3. The amendments relate to the right of the State Geologist 
to revoke permits, drilling practices, construction of sumps, hole 
deviation, and flaring of gas. New rules cover wording for the 
bond form, disposal of wastes, underground storage wells, measure­
ment of oil, and transportation reports. 

4. Interested parties may submit comments by mail or appear 
in person to present their views to the State Department of Geol­
ogy and Mineral Industries, 1069 State Office Building, 1400 
S.W. Fifth Avenue, Portland, Oregon 97201. 

5. Copies of the proposed rules may be obtained by writing 
the Department of Geology and Mineral Industries at the above 
address and enclosing 50 cents for postage and handling. 

6. The State Geologist or his representative will conduct the 
hearing. 

Dated: August 25, 1978 
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PRELIMINARY NOTE ON THE LATE PLEISTOCENE 
GEOMORPHOLOGY AND ARCHAEOLOGY OF 

THE HARNEY BASIN, OREGON 

Keith D. Gehr and Thomas M. Newman 
Department of Anthropology, Portland State University 

Portland, Oregon 

The geology and water resources of the Harney Basin (Figure 1) in 
southeastern Oregon have been studied by Russell (1903, 1905), 
Waring (1909), Piper and others (1939), Walker and Swanson (1968), 
and others. The most detailed and definitive work is that of 
Piper and his team of investigators from the U.S. Geological Sur­
vey, who worked in the Basin from 1930 to 1932. They recognized 
a prominent abandoned beach ridge along Harney Lake at an eleva­
tion of 1,249.7 m (4,100 ft) and commented: "No higher shore 
features are known to exist in the central area of the Harney 
Basin, although most other desert basins in eastern Oregon have 
prominent shore features at least laO ft higher than their playas" 
(Piper and others, 1939, p. 14). 

These writers left unresolved the question as to whether 
pluvial Lake Malheur had ever reached and overflowed the basalt 

6 
n 

HARNEY COUNTY 

Burn~ 

Malheur Lk. 

~
Voltae 

Harney Lk. • 

cross section Refuge I 
Headquarte 

Frenchglen 

dam, estimated to be 
1,254 m (4,114 ft) high, 
across Mal heur Gap. On 
the basis of the native 
fish fauna in the Harney 
Basin, Hubbs and Miller 
(1948) concluded that 
there had been a direct 
connection with the Co­
lumbia via the South 
Fork of the Malheur 
River and the Snake 
River. 

Probably because 
their primary concern 
was with other matters, 
all of the previous in­
vestigators apparently 

Figure 1. Map showing Zocation of Harney failed to notice two 
Lake. See cross section, page 168. clear wave-cut terraces, 
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Figure 2. Wave -aut 
Headquarters. 

terrace on northwest 
Elevation of terTace 

side of butte adjacent 
is 1, 255 m (4, 118 ft) . 

to Malheur National Wildlife Refuge 



each at an elevation of about 1,255 m (4,118 ft), which corre­
sponds acceptably well with the elevation of the spillway across 
the Voltage lava flow, which blocked Malheur Gap. One terrace is 
on the northwest side of the low butte adjacent to the Malheur Na­
tional Wildlife Refuge headquarters (Figure 2); the other, located 
mainly in sec. 24, T. 27 S., R. 29-1/2 E., contains a deposit of 
fossil shoreline molluscs that, by augering, were found up to an 
elevation of 1,255.1 m (4,111.7 ft). Ninety-eight percent or more 
of this population is comprised of a snail tentatively identified 
as Lymnea utahensis. Minority species include another snail tenta­
tively identified as ParapapoZyx effusa. 

In 1975, two artifacts were found in the wall of a drainage 
ditch running roughly parallel to the terrace in sec. 34. The 
ditch is nearly 1,600 m (5,250 ft) long and averages 2 to 3 m 
(7 to 10 ft) in depth. The provenance of the artifacts was ques­
tionable, but for several reasons it seemed worthwhile to search 
for a possible early site. Later finds, both on and below pluvial 
lake gravels, have proved the presence of man in the Basin before 
the end of the pluvial period. 

Along with the artifacts, the gravels in the ditch wall have 
preserved an excellent record of three pluvial lake stillstands. 
Two of these have been dated, as has the terrace, from carbon-14 
determinations on fossil snails. Because measurements on outer 
fractions of samples indicated significant contamination with 
younger carbon in even the younger samples, ages were determined 
from the inner fractions of samples. 

Figure 3 shows locations of the wave-cut terrace and various 
beach ridges at the southern part of Harney Lake. The oldest beach 
ridge (1), at 1,251.1 m (4,107.7 ft), has a preliminary date of 
about 32,000 B.P. (USGS-459). The mollusc population there is 
essentially reversed from that on the terrace, being 98 percent 
or greater ParapapoZyx effusa, with the Lymnaeids being a minority 
species. This ridge is covered with younger gravels culminating in 
a shoreline (2) at 1,252.1 m (4,107.9 ft), now dated at approx­
imately 9,600 B.P. (USGS-460). The lake bottom associated with 
this shoreline is covered with a prominent deposit of fossil 
Lymnaeid snails similar to those on the terrace. This line of 
tiny molluscs can be traced for almost 700 m (2,300 ft) in the 
side of the ditch. Two new species, tentatlve1y identified as 
Lymnea paZustris and HeZisoma anceps, are plentiful in the last 
100 m (300 ft) before the beach ridge. Their presence suggests 
a marshy ecozone that may have been seasonally dry. 

A younger, undated shoreline (3) overlies the preceding one 
at an elevation of 1,253.4 m (4,112.2 ft). Artifacts have been 
found in almost unquestionable primary context both on the gravel 
surface of this deposit and immediately underlying it. The 
stratigraphically lower artifact appears to be a punch-struck 
obsidian blade, a tool little known in Oregon but fairly common 
in a surface site whi.ch overlies part of this beach ridge by 
about 1 m (3 ft) (Dumond, 1962). 
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Bulletins 

ORDER EQRM 
(CENTERFOLD PULLOUT) 

Price 
57. LUNAR GEOLOGICAL FIELD CONFERENCE GUIDE BOOK, $ 3.50 __ 

1965, Peterson and Groh, eds. 
[Used by International Lunar Geological Field 
Conference for official field trips in Bend 
and Crater Lake areas, August 1965. 51 p., 
34 photos, and maps.] 

77. GEOLOGIC FIELD TRIPS IN NORTHERN OREGON AND $ 5.00 __ 
SOUTHERN WASHINGTON, 1973. (GSA guide book.) 
[Descriptions, with many illus. and maps, of 
seven field trips covering central Oreg., west-
ern Oreg., the Columbia River, Columbia River 
Gorge, the Portland area, and the lava caves 
of Mt.St.Helens. 206 p., 3 figs. in pocket.] 

87. ENVIRONMENTAL GEOLOGY OF WESTERN COOS AND DOUG- $ 9.00 
LAS COUNTIES, OREGON, 1975, Beaulieu and Hughes. 
[Discusses geography, engineering geology, min-
eral resources, geologic hazards, and geology of 
estuaries. 148 p., 16 separate geology and 
geologic hazards maps in color.] 

88. GEOLOGY AND MINERAL RESOURCES OF THE UPPER $ 4.5o __ 
CHETCO DRAINAGE AREA, OREGON (INCLUDING THE 
KALMIOPSIS WILDERNESS AND BIG CRAGGIES BO-
TANICAL AREAS), 1975, Ramp. 
[Covers topography, climate, and vegetation; 
geology; hist. of mining activity; metallic 
mineral resources; and industrial minerals. 
47 p., plus geology and mineral deposits maps.] 

89. GEOLOGY AND MINERAL RESOURCES OF DESCHUTES $ 6.5o __ 
COUNTY, OREGON, 1976, Peterson, Groh, Tay-
lor, and Stensland. 
[Descriptions of geologic units, geologic struc­
ture, geothermal resources, and nonmetallic min­
erals. 66 p., 60 figs., 4 geologic and mineral 
location maps.] 

90. LAND USE GEOLOGY OF WESTERN CURRY COUNTY, ORE- $ 9.0o __ 
GON, 1977, Beaulieu. 
[Covers geography, engineering geology, tectonic 
setting, mineral resources, geologic hazards, and 
geology of cities. 148 p., 45 il1us., 12 geology 
and geologic hazards maps.] 

PAGE TOTAL __ 
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Bulletins (continued) 
91. GEOLOGIC HAZARDS OF PARTS OF NORTHERN HOOD $ 8.00 __ 

RIVER, WASCO, AND SHERMAN COUNTIES, OREGON, 
1977, Beaulieu. 
[Discusses geography, geologic units, and 
geologic hazards. 95 p., 51 figs., 11 sep­
arate geology and geologic hazards maps.] 

92. FOSSILS IN OREGON, 1977, Margaret L. Steere, ed. $ 4.00 __ 
[Collection of 22 articles reprinted from The 
ORE BIN. Categories comprise fossil plants, 
fossil animals, and fossil localities. Pale-
ontological time chart included. 227 p., many 
figs.] 

93. GEOLOGY, MINERAL RESOURCES, AND ROCK MATERIAL OF $ 7.00 
CURRY COUNTY, OREGON, 1977, Ramp, Schlicker, and 
Gray. 
[Subtopics include geography, geology, rock material 
resources, metallic mineral resources, nonmetallic 
mineral resources, and mineral fuels. 79 p., 12 
figs., 9 tables, 3 maps.] (Companion to Bull. 90.) 

94. LAND USE GEOLOGY OF CENTRAL JACKSON COUNT~ORE- $ 9.00 
GON, 1977, Beaulieu and Hughes. 
[Covers geography, geologic units, engineering pro­
perties of geologic units, mineral resources, and 
geologic hazards. Glossary included. 87 p., 29 
figs., 15 tables, 5 geologic maps, and 5 geolo-
gic hazards maps.] 

95. NORTH AMERICAN OPHIOLITES, 1977, Coleman and $ 7.00 __ 
Irwin, eds. 
[13 papers from field excursions and seminars of 
1977 sponsored by the International Geological Cor­
relation Program. 183 p., index map of North Amer­
ica, and 5 geologic maps.] 

96. MAGMA GENESIS, 1977, H.J.B. Dick, ed. $12.50 __ 
[Proceedings of the American Geophysical Union 
Chapman Conference on Partial Melting of the 
Earth's Upper Mantle. Aid to geologic mapping 
and to assessment of mineral wealth in magmatic 
terrain. 13 papers. 311 p., many illus.] 

97. BIBLIOGRAPHY OF THE GEOLOGY AND MINERAL RESOURCES $ 3.00 
OF OREGON, SIXTH SUPPLEMENT, 1978, C.P. Hulick, ed. 
[Compiled by GeoRef, American Geological Institute 
computer data base service. Comprises 1,400 en-
tries including titles from 150 serials and has 
subject, county, and rock-unit indexes. 74 p.] 

PAGE TOTAL 
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Open-File Reports 
0-76-4 STREAM SEDIMENT GEOCHEMISTRY, NORTHEASTERN $25.00 ___ __ 

OREGON, 1976. 
[Analyses of stream sediments in 33 quadrangles 
for copper, lead, zinc, nickel, and mercury. 
48 p., 33 topog. maps.] 

0-78-4 GEOTHERMAL GRADIENT DATA, 1978, Hull, Black- $ 5.00 ___ __ 
well, and Black. 
[Data collected between December 1976 and Decem­
ber 1977. Tables and graphs with measurements in 
metric and English units. 187 p., map of well 
locations.] 

Other Publications 
Misc. Paper No. 4 RULES, REGULATIONS AND LAWS RE­

LATING TO EXPLORATION AND DEVELOPMENT OF OIL 
AND NATURAL GAS IN OREGON, 1977. 
[Pt. 1. Oil and gas. Text p. 1-18 plus copy 
of ORS Chap. 520.] 
[Pt. 2. Geothermal. Text p. 19-34 plus copy 
of ORS Chap. 522.] 

$ 1.00_ 

$ 1.00_ 

Misc. Paper No. 19 GEOTHERMAL EXPLORATION STUDIES $ 3.00 ___ __ 
IN OREGON, 1977, Bowen, Blackwell, and Hull. 
[Identifies seven areas of anomalously high 
heat flow. 50 p., 17 figs., 10 tables, and 
well locatiQn map.] 

Oil and Gas Invest. 5 PROSPECTS FOR NATURAL GAS PRO- $ 5.00 
DUCTION AND UNDERGROUND STORAGE OF PIPELINE GAS ---
IN THE UPPER NEHALEM RIVER BASIN, COLUMBIA-CLAT-
SOP COUNTIES, OREGON, 1976, Newton and Van Atta. 
[56 p. with geologic map in pocket.] 

Short Paper 27 ROCK MATERIAL RESOURCES OF BENTON $ 4.00 ___ 
COUNTY, OREGON, 1978, Schlicker, Gray, and Bela. 
[Concise data to aid planners and contractors. 
45 p., 16 figs., 10 tables, and rock material 
location and geology map.] 

GMS-7 GEOLOGIC MAP OF THE OREGON PART OF THE BAKER $ 3.00 ___ 
1° BY 2° QUADRANGLE, 1976, Brooks, McIntyre, 
and Walker: cartography by S.R. Renoud. 
[Color map with geologic time chart and strati­
graphic cross sections. Scale 1:250,000.] 

USGS Map 1-902 GEOLOGIC MAP OF OREGON EAST OF THE $ 3.75 ___ 
l21ST MERIDIAN, 1977, G.W. Walker. 
[2 sheets, each 42 by 44 in; scale 1:500,000 
(1 in = about 8 mi).] 
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iii 



• 

SOb .... "' .. O.t<, 
,.... (UI 0 J)'fl" UII) 

".011 11111'1 

• 

TO .. , ... ,. t . .... " .... It'. 
.. t< to . 

'" 
• •• I!.! • .• -.• -.• -.-:to-
••• ••• -



BENTON COUNTY ROCK MATERIAL RESOURCES STUDY PUBLISHED 

The Department has just released Short Paper 27 . entitled "Rock 
Material Resources of Benton County, Oregon . " The 47-page study 
discusses future demand, planning, mining . reclamation, and geol­
ogy of the rock material resources of Benton County . Included 
are 16 figures, 10 tables, and a geology and quarry site map for 
the County . By linking rock resources with a geologic map. the 
report becomes a usefu l predi ct ive too l for planning purposes, 
enabling t he planner to address the complex issues surrounding 
the rock resources industry. 

This publication, which is available at Department offices. 
se 11 s for $4.00 . 

Purpose of This Study 

Benton County's population is expected to cont inue to exp and 
in the future as a result of increased light industrial development 
brought about by available manpower; availability of land and elec­
tric power; and fa vorable aesthetic, cultural, and climatic con­
ditions. While creating an increasing need for construction 
aggregate, this growth may simultaneously restrict the use of 
existing sources of aggregate by zoning, encroachment of incom­
patible development. and loss of rock material deposits when 
structures are built over them. With proper planning, however , 
a continued supply of these important rock material resources 
will be available in a manner most compatible with the environ -

ROCK MATERIAL RESOUK:El> 

or BENT(t; coulon. OREGON 

,m 
MOM ,, __ ......... , .. - .. --.~ _ .... 
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ment and long-range land 
use plans. 

The purpose of the study 
was to develop concise data 
on the rock material of Ben­
ton County in a form which 
could be submitted to poten­
tial users or developers of 
these resources and which 
could be used as a data 
base for land use ordi­
nances in compliance with 
ORS 215 . 055. Oregon law 
ORS 215 . 055 and Land Con­
servation and Development 
Commission (LCOC) GoalS. 
Topic B, formally direct 
the County to take the pro­
cessing of mineral aggre­
gates into consideration i n 
the adoption of any land use 
ordinance. Data on the lo-
cations of sand and gravel 
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MOBIL OIL ORILLING AT OAKLAND 

Mobil Oil Corporation began drilling on a deep test hole near the 
town of Oakland in Douglas County on July 10. 1978. If drilled 
to the proposed depth of 14.000 ft. the exploration hole. called 
"Sutherlin Unit No . 1," will be the deepest hole put down in the 
State. 

Not only ;s Mobil's wildcat the deepest in Oregon. its col ­
lection of oi l and gas leases is the largest ever assembled in 
the State. The firm reportedly has under lease or option approx­
imately 1 million acres . Superlatives extend also to the equip­
ment be; n9 used to dri 11 the ho l e; Sri nkerhoff' 5 (the dril 1 i ng 
contractor) Ri g No. 53 is the largest to drill in Oregon and has 
a capability of 20.000 ft. 

The Sutherlin Unit No.1 will explore l ower Eocene sedimen­
tary and volcanic rock units as well as older rocks underlying 
the Eocene units. The nature of the rocks at 14.000 ft is a sub­
ject of controversy among geologists. Will they consist of Meso­
zoic marine sediments or will they be oceanic basalts? Mobil geol ­
ogists hope that their Sutherlin Unit No.1 will find natural 
gas in large quantities at depth on the Oakland anticline. 

Photo courtesy Black Stap~ Doug Wil8on~ photogrophep 
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MOUNT HOOO GEOTHERMAL ORILLING PROGRAM CONTINUES 

OLd Maid Fl.at an 'L 1. rig. 

The Old Maid Flat geothermal test 
hole was deepened from 564 m 
(1,850 ttl to 1,220 m (4,003 ttl 
during July and August 1978. The 
preliminary bottom hole temperature 
of about 175°F may be high enough 
to make Northwest Natural Gas 
Company's proposed heating project 
feasible if a large enough supply 
of ground water of that temperature 
can be found. Results of the Old 
Maid Flat drilling are still being 
evaluated to guide future explo­
ration. 

A second geothermal test 
hole was started near Timberline 
Lodge in August. Plans are to 
drill to a depth of 600 m (2.000 ft 
to see if rocks on the flanks of 
Mount Hood Volcano have been 
heated enough to produce hot water 
that can be used for heating the 
lodge. Present depth of the hole 
is 270 m (870 ttl. 

John Hook (left), Northwest Natural Gas, and Joe Riccio, 
Oregon Department of Geology and Mineral Industries, 
discussing results at Old Maid Flat. 

174 



Bitt Covert (teft), Northwest Naturat Gas, and Joe Riccio, 
Oregon Department of GeoZogy and ~neraZ Industries , 
conferring about dPitting at Timbertine Lodge . 

DritZing beto~ parking tot at Timbertine Lodge . 
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OREGON 1977 MINERAL DATA SUMMARIZED 

"Minerals in the Economy of Oregon," prepared under a cooperative 
agreement between the Bureau of Mines and the Oregon Department 
of Geology and Mineral Industries and published as SMP-21, may 
be obtained free upon request from the Publications Distribution 
Branch, Bureau of Mines, 4800 Forbes Avenue, Pittsburgh, Penn­
sylvania 15213. 

The 14-page report contains tables summarizing Oregon's 1977 
mineral production statistics; role in U.S. mineral supply; in­
come from mineral bonuses, royalties, and rentals; and land owner­
ship and mineral production. The report discusses the general 
mineral situation in Oregon, noting the construction of a new 
cement plant at Durkee, planned expansion of chlorine production 
in the Portland Rivergate district, and the reopening of small 
gold mines near Granite and Prairie City in eastern Oregon. 
The effects of regional energy problems and the implications of 
large withdrawals of land from mineral exploration and develop­
ment are also considered in this report. 

SMP-21 also contains a bibliography and 2-page map showing 
general locations of mineral deposits, geothermal wells, and 
mineral processing plants. 

* * * * * 
$IGN OF THE TIME$ 

Some 45 years ago a popular song advised, "Potatoes are cheaper; 
tomatoes are cheaper; now's the time to fall in love." Today's 
ditty, less lilting, has many variations. The DOGAMI version is, 
"Well, paper costs more now; and postage costs more now; ORE BIN 
prices must go up." 

Beginning January 1, 1979, we will charge $4.00 for annual 
subscriptions and $10.00 for 3-year subscriptions. Each year 
the Department has had to spend more for supplies and printing 
to produce the ORE BIN without sacrificing quality. And that's 
not all. Changes in second-class rates are not timed or patterned 
to correspond with the raises in first-class postage. Between 
May and August 1978 alone, the cost of mailing the ORE BIN rose 
29.9 percent! 

Looking on the bright side, those who order before January 1 
will enjoy the current rates. Use the coupons in the centerfold 
of this ORE BIN. Your order may be new, a renewal, or an exten­
sion of a current subscription, as long as DOGAMI has received 
it by January 1. 

Another bright thought: On the drawing boards right now are 
plans for renovating the ORE BIN format. Readers may look for­
ward to refreshing and welcome changes in '79. Be sure you and 
your friends will receive the hallmark January 1979 issue. 
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LATE PLEISTOCENE SEDIMENTS AND FLOODS IN THE WILLAMETTE VALLEY 

Ira S. All i son 
Professor Emeritus of Geology, Oregon State University 

Quaternary geologic units are assuming increasing significance 
in helping us understand the history of the land on which we 
live and the constraints we must consider in earthquake engi­
neering, resource management, and land use planning. 

Many Quaternary deposits of northern Oregon are associated 
with late Pleistocene catastrophic floods, events which further 
challenge our thinking. The following article represents Ira 
Allison's interpretations of some of the deposits. 

This contribution will be, we hope, one of many from with­
in the geologic community which will collectively lead to a 
more refined comprehension of the Quaternary of northern Oregon. 

Because of its length, this article is being published in 
two parts. The bibliography for the entire article will appear 
in next month's ORE BIN. Readers will find the index map (Fig­
ure 1) on page 178 useful for determining locations of indi-. 
vidual larger scale maps presented in both the November and 
December issues of the ORE BIN. Editor 

Diverse Interpretations 

The origin of certain unconsolidated sediments in the northern part of 
the Willamette Valley was attributed by Condon (1871) to a Willamette 
Sound. Sediments in the Portland-Vancouver area were called a delta in 
such a sound by Bretz (1919, p. 506), who later (1925, p. 252-257; 1928, 
p. 697-700) attributed them instead to river-bottom deposition by a huge 
Spokane Flood in a ponded drainage system. Allison (1932, 1935) assigned 
the Portland Gravels to a pre-Spokane Flood stage of alluviation by the 
Columbia River and named certain silts in the Willamette Valley the Wil­
lamette Silt (1953). Treasher (1924b, p. 13-15) noted that somehow ice­
rafted erratics got into the Willamette Valley but said that there was 
little or no evidence for either the Spokane Flood or a Portland delta. 

Lowry and Baldwin (1952, p. 17-21) recognized the Portland Gravels 
as dissected stream terrace deposits, considered the main bodies of silt 
in the Tualatin and Willamette Valleys to be a still-water facies of the 
Portland Gravels, accepted Allison's report of flooding via the Lake 
Oswego gap, and held that silt and erratics on the valley walls up to an 
elevation of 400 ft above sea level were deposited by a late flood long 
after the Portland Gravels stage of alluviation. 

Bretz and others (1956) concluded that not just one flood but rather 
a whole series of floods came across the Columbia Plateau and on down the 
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Figure 1. Index map showing areas of Washington and Oregon discussed in 

this article. Boxes show areas covered by larger sale maps appear­
ing in this and next month's segments. Numbers in boxes are figure 
numbers. 
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Columbia River. Trimble (1957; 1963, p. 58-71) classified the sediments 
in the Portland area, largely on a textural basis, as lacustrine deposits 
in a ponded stream system, considering them to be products of Bretz-type 
flood waters of great volume and tremendous energy that were restricted 
by hydraulic damming of the Columbia River down-valley from Portland. 
Glenn (1965) concluded that the Wi11amette Silt was brought in by more 
than 40 surges of the Columbia River. 

Schlicker and Deacon (1967, p. 29-35) described the Wi11amette Silt 
in or near Tualatin Valley and showed photographs of torrential bedding 
in sand and gravel deposited near Onion Flat and Durham, west of the Lake 
Oswego gap, by late flood currents. Ponding of the Wi11amette Valley was 
accepted by Price (1967, p. 27-32), who stated that alluvial deposits of 
the Columbia River impounded the Wi11amette Valley drainage in several 
inundations. 

Bretz (1969) reviewed flood phenomena from northwestern Montana to 
Portland and determined that there were a total of seven or eight floods. 
five of which were caused by repeated failures of a glacier dam which 
once held back as much as 500 cu mi of water in a succession of Glacial 
Lake Missou1as. He gave special attention to scabland features. flood 
routes, divide crossings, flood gravels bearing gigantic current ripples, 
Grand Coulee, back-flooding of tributaries of the Columbia River, the 
Portland delta, the Rocky Butte fosse (long, narrow waterway) in Portland, 
and related matters. 

Twofold Deposits 

This author considers the unconsolidated deposits in the Port1and­
Vancouver area and most of the Wi11amette Valley to be of two different 
ages: (1) early phase sediments deposited by the Columbia River in a 
ponded Wi11amette River drainage system over an extended period of time, 
and (2) a late phase resulting from short-lived catastrophic drainage of 
a prog1acia1 lake. Two widely separated occasions of flooding are in­
volved: The first is multiple and mainly depositional in northwestern 
Oregon; the second is single and strongly erosional. The early phase is 
attributed mainly to repeated failures of the glacier dam at Pend Orei11e, 
Idaho. and many evacuations of Glacial Lake Missoula, although other pro­
glacial lakes may have been involved by experiencing similar outbreaks. 
Stream entrenchment had converted the early phase deposits into alluvial 
terraces before the violent debacle of the Spokane Flood, resulting from 
the failure of the ice dam at Glacial Lake Missoula. 

Early Phase Deposits 

Portland area 

The terrace surface over a broad area east of Rocky Butte and Mount 
Tabor and northeast of Kelly Butte has an elevation of about 300 ft or 
more above sea level (Figure 2). It rises to the east and was greatly 
channeled and modified by the Spokane Flood. 

The early phase deposits, reaching from the vicinity of Troutdale 
into Portland, are still conveniently called the Portland Gravels, fol­
lowing earlier usage (Bretz, 1928a, p. 697-700; Lowry and Baldwin, 1952, 
p. 17-19). They consist mainly of well-rounded pebbles (mostly basalt) 
less than 3 in. in diameter and a generous fraction of sand. The beds 
generally are nearly parallel layers a few inches to a foot or two thick 
(Figure 3), with only minor fluvial cross-bedding or river-bar structure. 
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Figure 2. Southeast part of Pol'tlandQuadrangte (contour intervd 25 ft). 
Nots channel. depressions near Rooky and KeUy Buttes. modified 
JOO- It te1TO.ce. and nol'theast- to-8outhweet channel. east of KeUy 
Butte . 

Figure J. ParaZZel. -beddsd. 80mewhat sandy Portland Gl'aVe1.8 in pit 
beside S. E. Division Street ju.st eaet of l 06th Menus in PorHand. 

180 



Figure 4. Sandy phase of Po-rtZand Gravels in pit 1.5 rrri south of Trout ­
dale, sholVirlg extensive deltaie fONset bedding incliTl2d toward 
Sandy Rivel' valley. 

They lack deltaic foresets except where Columbia River waters entered the 
mouths of t r ibutaries which it had previously blockaded by alluviation. 

One such exceptional deltaic structure occurs in a large exposure 
about a mile and a half south of Troutdale along the west side of the 
Sandy River valley , where a great deal of constructional material has 
been removed. Here long deltaic foresets slant east, southeast, and 
south (Fi gure 4). This site is at the eastern edge of a broad sand 
and gravel terrace remnant 3 mi long and 2 mi wide, at an elevation 
of more than 360 ft, between Troutdale and Gresham. A dry stony cha nnel 
runs southwesterly along its southern edge. The northern and northwestern 
side of this terrace is an erosional scarp exhibiting basalt boulders and 
outcrops of basalt. 

This gravel deposit grades into a silt-covered plain beside the Sandy 
Ri ver at an elevation of a little less than 200 ft (Figure 5). The east­
erly foresets apparently determine the eastward slope of the Troutdale­
Gresham sand and gravel terrace. Similar foresets exposed at one t ime 
in a roadcut on Stark Street, half a mile to the south, were part of the 
reason Bretz called the deposit between Troutdale and Gresham a Spokane 
Flood eddy ba r, supposedly favored by its position in the lee of a high 
rock shoulder east of the Sandy River. 

In this author's opinion, the present terrace is part of a Portland 
Gravels fluvial deposit that once must have filled the adjacent Columbia 
River valley floor to an elevation of more than 360 ft at the mouth of 
the Columbia River Gorge. That deposit would have blocked the Sandy 
River drainage so that deltaic foresets directed by the Columbia River 
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into a lake in the Sandy River valley would have been inevitable during 
this early stage of alluviation. A small part of the surficial silt on 
the Sandy River valley bottom is, of course, from the later Spokane Flood. 

Remnants of similar early flood gravel and sand deposits showing 
foreset structures slanting up-valley also occur in the Willamette Valley 
and in the lower reaches of several tributaries of the Columbia River, 
such as Willow Creek, Old Lady Canyon, and Fifteenmile Creek, all east 
of the Cascade Mountains. Many gravels at the mouths of tributaries were 
later modified by the Spokane Flood into eddy bars. Silts antedating the 
climactic flood occupy the valley floors upstream in many of these tribu­
taries as well as in the Willamette Valley. Bretz (1969, p. 514-515, 
532-533) attributed them to back-flooding from a borelike flood front, 
but their origin remained unclear to him in 1969, notwithstanding his 
earlier statement (1956, p. 1034) that "perhaps two kinds of backwater 
episodes are recorded in these deposits, both with up-valley currents. 
The well-sorted, well-stratified valley bottom deposits may be the con­
sequences of melt-water incursions from normal valley train building 
along the main scabland routes. Because, however, floods have all but 
destroyed any record of valley trains, survival of such bottom sediments 
seems anomalous." Floods did indeed scour the master channels but not the 
tributaries. 

The present surface of the Portland Gravels descends from an eleva­
tion of more than 300 ft east of Rocky Butte to 260 ft at Sandy Boulevard, 
1.5 mi west of the Butte, to 200 ft or less at Union Avenue, 2.5 mi far­
ther west, and to still lower levels in the peninsula, or St. Johns area, 
some 4 mi farther on. This surface, however, has not only channels, such 
as those at the Rose City Golf Course and Sullivan Gulch (now the route 
of I-80N), but also has remnant ridges, such as those in the Alameda dis­
trict of northeast Portland and in the St. Johns area, and a gradual slope 
toward the Columbia River. Apparently a considerable quantity of material 

Figure 5. Southwest 
part of Camas (Wash­
ington-Oregon) Quad­
rangle (contour in­
terval 40 ft) J 

showing Portland 
Grave ls terrace 
between Troutdale 
and Gresham. 
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has been eroded from this surface, presumably in large part by the Spokane 
Flood, whereas the corresponding surface of Mill Plain east of Vancouver, 
Washington, retains an approximate 300-ft level for many miles (Figure 6). 
So the present level of the Portland Gravels or equivalent sand and silt 
near the Willamette River in Portland cannot be used to find the precise 
level of the fill which diverted Columbia River water during flood seasons 
into the Willamette and Tualatin Valleys for the deposition of Willamette 
Silt. 

Fluvial silt and fine sand (Figure 7) that now border the Willamette 
River in north Portland may be the downstream continuation of the Portland 
Gravels fill or perhaps, in part, products of the slow final outflow of 
previously ponded water of the last flood. 

A terrace remnant, a correlative part of the Portland Gravels on the 
Washington side of the Columbia River, bears the local name of Mill Plain 
(Figure 8, middle right). It extends westward about 11 mi from the western 
part of T. 2 N., R. 3 E. to the eastern part of Vancouver, sec. 24, T. 2 N., 
R. 1 E. Its surface, nearly flat between elevations of 280 and 310 ft, may 
be at or near its original depositional level. A few shallow channels 
cross it. Its internal structure, well exposed in the English Pit (sec. 30, 
t 2 N., R. 3 E.), reveals its fluvial, not deltaic nor catastrophic flood, 
origin (Figure 9). This internal structure is matched in several gravel 
pits on the Oregon side of the Columbia River (Figure 3) and is best ex-

o ~ 2m; 
_-=--Cl-~--=--c::iIIII __ _ 

Figure 6. Wester>n part of Camas Quadl'an{/t-e (contour interval 40 ft), 
showing ~ll Plain terrace of Portland Gravels west of Prune 
Hill and northwest-oriented Lackamas Lake channel eroded by 
Spokane Flood. 
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posed at present in pits: (1) 1. 5 mi south of Troutdale, (2) at S.L 195th 
Avenue and Division Street (Figure 10), (3) near S.E. l06th Avenue and Divi­
s10n Street, and (4) at N. E. 122nd Avenue and San Rafael Street. Figure 11 
shows a former pit in which Portland Gravels are overlain by Spokane Flood 
deposits . 

Tualatin Valley 

A sandy extension of the Portland Gravels continues westward beyond 
the Tualatin River gap and the lake Oswego lowland into the proximal part 
of the Tualatin River valley at a summit elevation of about 240 ft (Schlick­
er and Deacon, 1967. p. 30-32). These sands, which form uneven terraces 
on both the north and south sides of Tualatin Valley, at most places show 
channeling by the later Spokane Flood. Among the largest patches in the 
eastern part of Tualatin Valley are those: (1) at Six Corners (top greater 
than 210 ft). (2) northeast of Onion Flat (top greater than 190 ftl, and 
(3) in sees. 19 and 20, T. 2 S. , R. 1 E. (top greater than 210 ft) . 

These early sands in the Tualatin Valley afford an approximate 
measure of the maximum former height of the Portland Gravels (and sands) 
fill at the toe of the deposit along the present position of the Willamette 
River in Portland, now generall y 50 to 150 ft above sea level. The orig­
inal level clearly exceeded 210 ft, matching the graded level in the Tuala­
tin Valley . 

The reduction of level of the f111 in Portland from approximately 
250 ft or more and the abundance of later flood channe l s across the Port­
land Gravels testify to large-scale erosion of the fill, partly by the 
huge Spokane Flood and partly by ordinary stream activity both earlier 
and later. 

The early sands in the Tualatin Valley give way up-valley to Willam­
ette Silt deposits from a few feet to about 50 ft thick (Sch licker and 
Deacon, 1967, p. 30-32). 

FiguN 7. Fine- grained fluvial cblposit s a t fl . G1'eeley Avenue and 
N. Going Street, POl'tland. I., 



Figure 8. East-central part of Portland Q;uadrangle (contour interval 
25 ft), showing western part of Mill Plain 3DD-ft terrace of 
Portland Gravels, flood-swept Fourth Plains channel, and 
eroded sand hills (terrace remnants) north-northeast of 
Vancouver. 
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Figure 9. Te:rture and fiuvial. not deltaic. stl'Ucture of POl'tlan.d 
Gravels in English Pit, 6 mi nol'thwest of Camas, Washington . 
Deposit heN includes conside1'O.ble sand. 

Figure 10. Boul.dspY Spokane Flood deposits in weste1'n part of gl'aveZ 
pit 1. S mi west of Greshan. sho!Jing POOl' sOl'ting and !Jide 1'a11ge 
of textUI'es . 186 



Figure 11. Pol'tl.and GNveZs in fomel' pit at southwest edge of t81'l'aCe 
neal' nol'thsm Clackamas COWlty Zine~ I<1ith fONsets totonrd south­
west. F8lJ-feet - thick sheet of Spokane Flood deposite~ including 
el'l'atics of various si3es, oV81'liee okkl' gl'aV8l . Rang8 poZe is 
8 ft long. 

Fif!U!'e 12. Roadcut on U.S . Highway 99E~ ju.st acl'OSS Pudding RiV81' froom 
AUl'Ol'a . Material at baS8 is sand of eal'ly phase of Wil'Lamett8 
ifalley filZing~ ovel'lain by Spokamil Flood mixture of gl'avel~ 
sand~ silt. and el'l"atics (light -coloNd sf;on$s) . NotB small 
C'.tt - ou.t at roight side Of roadcu.t at contact. 
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Wi11amette Valley 

Similar sands and silts were washed southward in large volume through 
the Oregon City watergap into the open part of the Wi11amette Valley. Near 
Canby and Aurora (Figure 12), sand predominates. These sands are overlain 
by or give way laterally to tens of feet of Wi11amette Silt, which con­
tinues up-valley southward as far as Harrisburg, Oregon, about 90 mi from 
Portland. South of Harrisburg, the valley fill of equivalent or greater 
age consists of gravel and sand from the headwaters of the Wi11amette and 
McKenzie Rivers. 

In the northern part of French Prairie (Figure 13), portions of the 
partly dissected Wi11amette Valley fill south of the bend of the Wi11amette 
River have nearly flat surfaces with maximum elevations of a little more 
than 190 ft above sea level; and 170- to 190-ft levels extend for many 
miles into other nearby areas. 

o ~ 2m; _-=--C-II::--=--ciIIII __ _ 

Figure 13. Southeastern part of Sherwood ~ad­
rangle (oontour intewal 20 ft). showing 
part of Spokane Flood-modified Frenoh 
Prairie; a 190-ft Willamette Silt ter­
raoe (dotted oontour lines. lower part 
of map). oorrelative and oonsanguineous 
with Portland Gravels;' and site of Port­
land Flood rubble deposit over edge of 
Willamette River trenoh at Wilsonville. 

188 



Wfllamette lake 

The lake in the Willamette Valley in which Willamette Silt and cor­
relative deposits were laid down is here named the W1 llamette lake. It 
was caused by upbuflding of the Portland Gravels fill at Portland above 
the grade of the Wfllamette River, presumably as part of a glacial Colum-
bia River valley train. Its highest level, as recorded by silts near 
Harrisburg, was about 300 ft above sea level . Whatever may have been 
the elevation of the toe of the Portland Gravels deposit in Portland, 
the original surrmit of the valley fill south of the Oregon City narrows 
may not have been much more than 200 ft. In that case, the depth of 
Wfllamette lake in the northern Willamette Valley above the present 
top of the fill at times may have approached 100 ft and was probably 
much greater when the filling began. The level of the lake must have 
fluctuated through a wide range because of repeated surging and ebbing 
of water from the Columbia River. 

As laboratory tests of Willamette Silt show almost complete sedimen­
tation within a few minutes, one may wonder how the nearly clay-free silt 
was kept in suspension long enough to reach the 300-ft level, 90 mi up­
valley . After passing through the Oregon City gap, the heavily loaded, 
rOily, inrushing Columbia River water evidently deposited its basaltic 
sand in the Canby-Aurora area, leaving the silt and fine sand to flow 
along the lake bottom as turbidity currents. A s teep front on the in­
coming surge of water would have helped keep material i n suspension , but 
the main requirement was a rapid rise of a large volume of turbid water. 

Unlike the later Spokane Flood , the Willamette lake may have been 
intermittent over a considerable span of time. The repetitively banded 
structure and graded bedding of the Willamette Silt indicate the occur-

-.... -. ' 

Figuroe 14 . Roadcut at edge of Willamette RiveI' tl'Snch. about 5 mi 
south- southeast of St . Paul. O1'egon. shouing stratification of 
Willamette Silt (and fine sand) deposited in Lake Willamette . 
!lote charactePistically uneven sands (dal'k when nuist) at bese 
of each bed. Structure. including graded bedding. is attPibuted 
to turbidity 01' density CU1'1'6nts flowing along bottom of Lake 
Willamette . 
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rence of many surges of silt - laden Columbia River water into the vall ey. 
Faint laminations appear within many of the beds, but evaluation of the 
time significance of these layers is difficult. 

Each layer of Willamette Silt in the northern and central parts of 
the valley typically has an uneven sandy base under a thicker band of 
silt (Figure 14). Some beds show reverse grading or compound grading. 
The prevailing structure is somewhat like that of varves in glacial 
lakes. as though each layer were the result of an annual Columbia River 
f reshet. A year- by-year origin may be questioned , however. because each 
layer seems to be too voluminous for an annual increment from a single 
f l ood season , even from one lasting several spring and early summer 
months as experienced by the Columbia River at present. If the layers 
were annual and repeated in successive years, the whole record would 
require only decades of time. On the other hand , if there are time 
gaps in the sequence , the time scale may run to centuries--sti1l 
a very short fraction of geologic time. 

At Irish Bend , its type locality in the Willamette River bank about 
7 mi north of Harrisburg (Figure 15) , the Willamette Silt contains little 
fine sand. so beds are somewhat indistinct, and each one is only a few 
inches thick. Perhaps the River Bend section (Glenn, 1965) should be 
considered a co-type, as it is representative of t he northern facies . 
The silt cons i sts mainly of quartz , feldspar, and mi ca, but a great 
variety of other minerals are present in small quantities. 

Fi gure 15 . Wi ll.amette SU t (!.Ji.d.e upper g'l'O.y band) in bank o{ lIiUamette 
River a t Irish Bend, southeastern Linn County, Oregon, overlying 
deeply weatr.ered, semicor.80lidated river deposits and underZying 
thin shee t o{ sUt {1'Ol'I Spokane Flood. Somewhat weathered top 
o{ Wil'tamet t e Silt ranges in color {rom pale yellovish g'l'O.y when 
wet to dark reddi sh bl'OU1 . 
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SUNOCO OBTAINS FOUR GEOTHERMAL TRACTS 

Sunoco Energy Development Company of Dallas, Texas, was the only bidder 
on four tracts of land near Breitenbush Hot Springs offered for geo­
thermal development. 

The successful bidding allows Sunoco to proceed with geothermal 
development plans, pending approval of the bids by the U.S. Geological 
Survey and the Bureau of Land Management's issuance of leases. 

The lands are located about 12 mi northeast of Detroit, Oregon, and 
are managed by the U.S. Forest Service. A fifth tract received no bids. 
The Bureau of Land Management conducted the sale. 

Acreage and bids are as follows: 
Tract 

1. 
2. 
3. 
4. 
5. 

Acres 
2,133.4 
1,280 
1,365 
1,040 
1,029 

* * * * * 

NORTHWEST MINERS TO HOST 

Bid 
$27,734.20 
$22,592.00 
$32,459.70 
$ 3,796.00 
No bids received 

The Northwest Mining Association's 84th Annual Convention is expected to 
draw more than 1,600 miners from around the world. The meetings will be 
held at the Davenport Hotel, Spokane, from November 30 through December 2. 

John B. Hite, General Chairman, said the convention theme, "The 
Great Northwest - Resources for Tomorrow," was chosen to emphasize the 
known and potential mineral and energy sources in the Northwest. "In 
these days of energy and mineral shortage and increasing uncertainty of 
foreign supplies, every effort must be made in the energy-rich Northwest 
United States to discover and produce the enormous reserves that nature 
has provided," Hite said. 

Details and registration materials are available at the association 
offices at 1020 Riverside Avenue, Spokane, Washington. 

* * * * * 

WESTERN STATES RECOVER FROM DROUGHT 

Streamflow measurements made by USGS hydrologists indicate that heavy 
snow and rains brought to years of drought in most western states to an 
end. The scientists have been compiling records of the 1978 water year, 
which was from October 30 through September 30. 

Throughout the water year, Oregon's streamflow fluctuated, but 
amounts were generally normal or above average. The Columbia River 
streamflow was above average in December for the first time since 
September 1976. The drought experienced in the season preceding the 
1978 water year was the most severe on record for the State of Oregon. 

In neighboring California, Idaho, and Washington it may be years 
before ground-water supplies are recovered, although the drought appears 
to be over. 
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LATE PLEISTOCENE SEDIMENTS AND FLOODS IN THE WILLAMETTE VALLEY 

Ira S. All ison 
Professor Emeritus of Geology, Oregon State University 

Continuation 
The first portion of this article was printed in the November 
ORE BIN, v. 40, no. 11. In it, Dr. Allison outlined diverse 
interpretations, including his own of multiple late Pleisto­
cene catastrophic floods, of the origins of sediments found 
in the Portland area, Tualatin Valley, Willamette Valley, 
and Willamette Lake. 

Figure numbers in this issue resume from the November segment, 
beginning with Figure 16. The complete list of references for 
both articles appears at the end of this final installment. 

Late Phase Erosion and Associated Deposits 

The Spokane Flood produced many effects in the Willamette Valley. The 
erosional channels near Rocky Butte (Figure 2) are especially noteworthy. 
One, 20 to 50 ft deep, leaves the Columbia River trench near Fairview, 
Oregon, and separates the 360-ft Troutdale-Gresham terrace remnant from 
the 300-ft part of the terrace east of Rocky Butte. This channel con­
tinues southwestward nearly 10 mi across the Portland Gravels to the 
southwestern edge of the terrace. The Spokane Flood picked up gravel 
and sand en route and presumably deposited it in the Willamette and 
Clackamas River channelways, from which it was later largely removed, 
probably by ordinary stream erosion. 

Below an erosional scarp along the northern edge of Mill Plain east 
of Vancouver is a long tract, called Fourth Plains, eroded by flood waters 
that poured from the Columbia River through the channel now occupied by 
Lackamas Lake (Figures 6 and 8). The flood removed at least 100 ft of 
gravel and sand from much of the Fourth Plains area. Lag boulders lie 
on the channel bottom. 

In a belt 3 to 6 mi north-northeast from downtown Vancouver (Figure 8), 
where the terrace consisted mostly of sand, flood erosion produced a com­
plex of multiple channels and elongate residual ridges (Allison, 1933, 
p. 717-718; Trimble, 1963, p. 62). The ridges are not bars, as Bretz 
once thought (1925, p. 254). This large Fourth Plains channel, however, 
may have been eroded by a flood later and lower than the Spokane Flood. 

The Spokane Flood surged westward through the Tualatin River and 
Lake Oswego channels and, upon reaching the wide-open portion of the 
Tualatin Valley, deposited loose, poorly sorted, rubbly and bouldery 
gravel and sand (Figure 16). Direction of flow is indicated by westward­
slanting foreset bedding in the rubbly gravel (Schlicker and Deacon, 1967, 
p. 32-35) and by channels in previous sand and silt deposits farther west 
(Lowry and Baldwin, 1952, p. 19-20). 
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Figure 16. Southwest corner of Lake Oswego Quadrangle (contour interval 
10 ft), showing Lake Oswego and Tualatin River routes used by 
spokane Flood pouring into Tualatin Valley. Gravel pits along west 
edge of map are in ill-sorted, rubbly deposits which have west­
slanting foresets. 

The flood level in the Tualatin Valley rose high enough to spill with 
great force across the divide separating the Tualatin and Willamette drain­
age basins. This vigorous overflow southward across the divide scoured 
multiple channels in the basaltic bed rock, dug small rock-bound basins, 
and left rock knobs barren of soil (Allison, 1932; Glenn, 1965, p. 155), 
forming a topography in the Rock Creek-Tonquin area (Figure 17) that is 
a miniature replica of the well-known scabland in eastern Washington. 
The divide, of unknown preflood elevation, was lowered locally to a 
little less than 150 ft above sea level. The coarse products of erosion 
were dumped over the north side of the Willamette River channel at Wilson­
ville as poorly sorted, bouldery rubble with south-slanting foresets. 
Much of this material was removed and used locally in the construction 
of the 1-5 freeway. The onrushing flood also eroded the northern edge 
of the early-phase terrace south of the Willamette River. Part of the 
sands and silts settled along the valley bottoms of the Willamette River 
and its tributaries. 

194 



o ~ 2mi iII:-=--ClI-.c--=:=--c-. __ _ 

Figure 17. Scabland tract eroded by Spokane Flood across Tualatin­
Willamette drainage divide in northern part of Sherwood Quad­
rangle (contour interval 10 ft). Channels end at Wilsonville 
(Figure 13). 

A large flow of Spokane Flood water poured southward through the 
Oregon City water gap (Figures 18 and 19); at the north edge of the 
Mollala River trench near Canby it left southwest-slanting coarse, ill­
sorted gravel beds that are no longer exposed. The flood also removed 
tens of feet of sand and silt from the terrace near Canby and from the 
northern part of French Prairie (Figures 13 and 19). Some of the sedi­
ments removed from the terraced valley fill were left in the then-en­
trenched channelways of the Pudding, Mollala, Yamhill, and Willamette 
Rivers and were later partly removed by these streams. 

Portions of this late fill remain within the Willamette River trench 
and in its tributaries in the northern part of the Willamette Valley, oc­
cupying a second bottom terrace above the present flood plains. This fill 
of well-bedded silts and fine sands, whose mineral composition is similar 
to that of the Willamette Silt, forms a flat or gently rolling surface 
unlike the curving meander scars and point bars of the modern flood plains. 
The best examples are found along the Willamette, Yamhill, and Pudding 
Rivers and in the valleys of Champoeg, Mill, and Butte Creeks. 

The inflow of flood water from the Columbia River temporarily raised 
the water level in the Willamette Valley to an elevation of 400 ft, forming 
a body of water named Lake Allison (Allen, in press). This 400-ft water 
level contrasts with the 1,100-ft level of the Spokane Flood east of the 
Columbia River Gorge, which cuts through the Cascades. Pebbly silts, a 
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Figure 18. Spokane Flood bou.Zders f rom basement excavation i n Canby . 

few inches to a foot or two thick, containing iceberg-rafted erratics 
ranging in size from tiny particles to blocks several feet in diameter 
(Allison, 1935), were spread Dver the terraced Willamette lowland and 
its entrenched valleys and onto the lower slopes of ad j acent hills. The 
erratics include granitic and metamorphic rocks foreign to the Willamette 
drainage basin. and some retain glacial striations. 

Glenn (1965) found that these ubiquitous gray pebbly silts locally 
overlie oxidized Willamette Silt along the WilTamette River bend exposure 
near Feasters Rocks, about 3 ml south-southwest of St. Paul. and at the 
Needy clay pit. approximately 4 mi east of Hubbard. A 50-ft bank of 
Willamette Silt and associated sand is exposed at the Needy site. The 
exposure at the bend of the Willamette River is somewhat thicker. Entrench­
ment of the streams and the surficial oxidation of the Willamette Silt in­
dicate a time gap between its deposition and that of the disconformable 
gray pebbly silts deposited by the Spokane Flood. lowry and Baldwin (1952, 
p. 20-21) also noted that 11 flood "long after the Portland Gravels" did 
some local scouring and left thin deposits of silt, gravel , and erratics 
elsewhere. 

Trimble (1957, 1963) found deposits of fine sand and silt, both 
stratified and unstratified, disconformably overlying Portland Gravels 
at several places in Portland, notably, west of Mount Tabor and between 
Rocky Butte and Kelly Butte. At first he classified these fine-grained 
sediments as Pleistocene alluvium; later he called them "upper (?) Pleis­
tocene sand and silt deposits." In places they occupy channels eroded 
into the earlier fill and may be slack-water deposits of the climactic 
flood waters that rose to their maximum level, held a short stillstand, 
and then continued down the Columbia River. This water was joined by 
Allison lake water that reversed directions and flowed back out of the 
Tualatin and Willamette Valleys into the Columbia River. 
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The presence of late silts and fine sands in the Portland area and 
the thin sheet of Lake Allison pebbly silt over the Willamette Valley 
lowland means that the Spokane Flood waters were obstructed downstream 
from Portland, either by hydraulic damming of a tremendous volume of 
water (Trimble, 1963) or, in this author's view, by a combination of a 
huge vol ume of water and an ice jam. Some of the numerous icebergs 
were big enough to carry large tonnages of erratics. For example, a 
block of ice more than 75 ft on a side would have been required to carry 
one boulder found near Sheridan (Allen, in press). Groups of erratic 
boulders found elsewhere in the region affected by the flood would have 
also required icebergs of considerable size as carriers (Figure 20). The 
general prevalence of other smaller foreign particles in the pebbly silts 
is evidence of an abundance of ice in the flood water (Figures 11,12, 
and 21). So the concept of ice in the Columbia River at that time is not 
farfetched. 

o ~ 1m; 
_____ 1 

Figure 19. Spokane Flood-washed sandy terrace, coppelative with 
Willamette Silt and Poptland Gpavels, neap Canby (contour intepval 
10 ft). Flood curpents coming out of Opegon City watepgap (top 
pight) cpossed teppace fpom noptheast and dumped theip deposits 
southwesteply ovep side of alpeady entpenched Mollala Rivep and on 
valley bottoms genepally. Lapge pivep in noptheast cOPnep of map is 
the Willamette. Flood topped pidge east of shar-p tuPn of pivep at 
Fish Eddy. 
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FiguN 20. Granitic eJ'l"atics foWtd at elevation of 310 ft near middle of 
sec. J2, T. 12 S •• R. 2 W., south of Peterson Butte. Linn County . 
other eJ'l"atics an nearby. 

The effect of ice is also seen in an analogous situation elsewhere . 
Waters (1933 , p. 815-820) agreed with 8retz that the Okanogen i ce lobe 
dammed the Columbia River west of the upper end of Grand Coulee, but he 
notes that as the ice melted, "This dam holding the lake became more and 
more unstable until eventually it collapsed, giving rise to a spectacular 
flood . The impounded water, charged with large blocks of ice from the 
broken dam, rushed through the Columbia Valley, jamning the bergs in 
great numbers behind every spur and proj ection . " These grounded rfver­
rafted icebergs melted and left a large number of kettle holes in the 
lowest outwash terrace in the Columbia River canyon. Waters stated , 
"Many of the kettles on the 'Great Terrace' are of such size that it 
would require a raging flood of water over 100 ft deep to carry the 
bergs that formed them. " 

A similar or even greater abundance of rafted ice should be expected 
from outbreaks of Glacial lake Missoula. Evidence of large icebergs on 
the northeastern slopes of the Rattlesnake Hills between the Columbia 
River and lower Yakima Valley was recorded by Bretz (1930 , p. 409-412) 
and Allison (1933. p. 678-681 ). 

Geologic Ages 

The Pleistocene was characterized by multiple stages of continental 
and montane glaciation, separated by long, warm, interglacial stages {8'ac~ 
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and others, 1973). The last glacial stage was the Wisconsinan and its 
substages in the Great la kes area (Frye and Willman, 1973) ; corresponding 
events in the northern Rocky Mountains area include two (locally three) 
stades of Bull Lake Glaciation and three stades of Pinedale Glaciation 
(Richmond , 1965). During the Bull Lake-Pinedale Interglacial Period, 
the Bull Lake deposits weathered to mature soil or, in dry areas, received 
considerable caliche. 

Glenn (1965) believed that the main body of Willamette Silt is older 
than 19,000 years and younger than 34,000 years B.P. (before present). 
Glenn's 34 ,410 ± 3, 4S0-year figure is based on the carbon-J4 content of 
a log found at a depth of 20 ft in sec. 35, T. 2 S., R. 1 W., near Salem. 
The 19,000-year figure comes from an extrapolation beyond a radiocarbon 
date of 12,240 ± 330 years B.P. for peat 16 ft below the surface in Onion 
Flat, 3 mi west of Tualatin , assuming that the basal peat accumulated at 
a rate of 1 mil ,000 years. 

Hansen's (1947) pollen diagrams for Onion Flat show a normal post­
glacial forest succession , starting principally with lodgepole pine (a 
pioneer invader ) , Sitka spruce, and fir, giving way later to Douglas fir 
and Oregon oak, and still later to more Douglas fir and less Oregon oak. 
This sequence implies (1) prolonged, gradual warming and drying of a cool 
moist climate , (2) a pronounced warm stage about 4,000 to 6,000 years 
ago , and (3) return to a moister and cooler climate. There is no sign 
of intervention of a cold, wet, glacial climate; so the record appears to 
be entirely postglacial. Since no severe flood capable of excavating holes 
in solid rock , as did the Spokane Flood in the Tonquin area, could have 
passed the Onion Flat site without completely removing the peat , the 
Spokane Flood was unquestionably the last flood to pass through the area. 
Because of the common and contemporaneous origin of the Portland Gravels 
and the Willamette Silt . the Wi1lamette Silt age determination applies 
to the Portland Gravels also. 
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The only Cordilleran glaciation occurring within the 19,000- to 
34,000-year time span was the early and middle Pinedale Glaciation. Bull 
Lake Glaciation is estimated to have taken place more than 32,000 years 
B.P. The Portland Gravels and Willamette Silt are much less weathered 
than are the typical Bull Lake till and outwash deposits in Wyoming and 
elsewhere, despite a more favorable climate for chemical weathering in 
Oregon. A Pinedale and not a Bull Lake age assignment of the Portland 
Gravels-Wil1amette Silt seems therefore appropriate. 

The last catastrophic outburst of Glacial Lake Missoula, the Spokane 
Flood, occurred near the end of early Pinedale Glaciation, according to 
Richmond and others (1965). In their words, "The youngest catastrophic 
flood, first recognized and described by Bretz (1923), scoured moraines 
and other deposits of early Pinedale age. Its deposits overlie early 
Pinedale glacial and lake deposits and are themselves overlain by 
moraines and other deposits of middle Pinedale age. Transported wood in 
the deposits at Vantage [Washington], but probably derived from older 
deposits, yields a radiocarbon date of 32,700 years." 

Baker (1973, p. 65) says, "The last major scabland flood probably 
occurred during the early Pinedale Glaciation, about 22,000 years ago." 
The U.S. Geological Survey pamphlet, "The Channeled Scabland of Eastern 
Washington -- the Geologic Story of the Spokane Flood," uses a date of 
18,000 to 20,000 years ago. . 

New radiocarbon dates and correlation of tephra in flood sediments 
with the Mount St. Helens "set S" tephra suggest a date as recent as 
13,000 years B.P. for the Spokane Flood (Waitt, 1978). 

Whether these age assignments or more recent age assignments 
allow enough time for the Columbia River and its tributaries to have en­
trenched themselves in early Pinedale outwash and valley-train deposits 
before the Spokane Flood is uncertain. Conceivably the overflow of several 
prog1acia1 lakes in valleys dammed by the lobate front of the Cordilleran 
ice sheet may have shifted the regimen of certain streams, including the 
Columbia River, from deposition of valley trains to erosion and hence en­
trenchment. . 

One may speculate that the Spokane Flood deposits in the lower reaches 
of Pudding River valley may have caused the diversion of the Wi11amette 
River from its former northeastward course through the site of Lake 
Labish, now a peat bog, into its present northerly route and thence 
through the Pudding River valley. Peat near the base of the bog fill 
in Lake Labish, 20 ft below the surface, yielded a radiocarbon age of 
11,000 ± 230 years B.P. (Glenn, 1965). This age date conforms with an age 
of 13,500 years B.P. for the last flood. Minor valley filling occurred in 
a time range of approximately 11,000 to 12,000 years ago. Or the Wi11am­
ette River may merely have entered a more direct route northward from 
Salem via a former tributary of the Yamhill River as a result of stream 
piracy, regardless of any such intrava11ey deposits. 

Although floods could have come from an Okanogan glacier-dammed Lake 
Columbia upriver from upper Grand Coulee (Richard and others, 1965, p. 237) 
or from other prog1acia1 lakes, because of its great size, Glacial Lake 
Missoula seems to be the most likely source of the Spokane Flood. Pre­
sumably such a final flood from Glacial Lake Missoula used both the scab­
land routes on the Columbia Plateau and the Grand Coulee slot (Bretz, 1969; 
Richmond and others, 1965). No flood has crossed the plateau in the last 
12,000 years. 
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NOTICE OF PUBLIC HEARING 

Notice is hereby given that Coos County intends to lease mineral rights 
for gas and oil in approximately 13,000 acres of land in Coos County. 
Descriptions will be sent on request to below address. Oral bids will 
be received on December 21,1978. at 1:30 p.m. in the Commissioners' 
Courtroom, Courthouse, Coquille, Oregon 97423. Minimum acceptable bids 
shall be one dollar per net mineral acre. 

Bidders will be required to negotiate a lease and agree to abide by 
all conditions and regulations set forth by the Coos County Board of Com­
missioners in the document entitled "Mineral Rights Lease Agreement and 
Requirements for Bidders," copies of which are available in the Com­
missioners' Office, Courthouse, Coquille, Oregon 97423. Telephone 
number is (503) 396-3121. 
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DEPARTMENT ANNOUNCES NEW SPECIAL PAPERS SERIES 

The Oregon Department of Geology and Mineral Industries issues a number 
of publications in order to disseminate geologic information among inter­
ested persons and agencies. 

- - --..~~ .. . .--- -

Over the years , the Department has 
maintained a variety of publication se­
ries. including Bulletins . Oil and Gas 
Investigations, Short Papers . Miscel ­
laneous Papers, Open-File Reports, and 
Geological Map Series. Now, to improve 
efficiency in project planning and in 
editing procedures , we are discontinuing 
the old Short Papers and Miscellaneous 
Papers series and starting a new Special 
Papers series. 

Special Papers will have 75 or fewer 
pages and relatively few maps. They will 
be of interest to a diffuse readership 
and are expected to remain in demand 
over a period of years. 

This month. we are pleased to an­
~ nounce publication of the first two 
_ papers in this new series. 

"Mission. Goals, and Programs--1979-
1985" is the initial offering. The 39-

page discussion of the purpose , organization. gO'als, and programs of the 
Oregon Depa rtment of Geo 1 091 and Mi nera 1 Indus tri es features an ea sy- to­
read two-column format. Several maps show the l ocations of completed. 
current, and planned Department projects . Also included are severa l 
full-page photographs. 

Special Paper 2 is "Field Geology of S.W. Broken Top Quadrangle , 
Oregon," by Edward M. Taylor. Among the 22 figures in this book of 50 
pages are photographs showing geologic features of outstanding scenic beauty 
and nine full-page geologic maps . :':;'!!?5.~1."~' 

The text presents a surrrnary of the I ,~ . . 
geologic relationships at Broken Top ' I ~i FI~L!, ' Gi~L(~GY '., 
volcano in the central High Cascades J "l.:jl\::\tt?j OF · :~ I . :.< 
and detailed descriptions of litho- ""~' . v<~.? ~ ~ :. 
logic units shown on the geologic . " . ~ , 
maps. Included in the appendh are J;::;;3. ~~~~~KEN TOP j-
chemical analyses and descriptions of ":'K'~1' QUADRANGLE .. 
locations of 247 rock samples from :&:.'Y" "~+-4-i'~'~~~1 

Broken Top. (r\j~i);~:~~'~O~.R~Er~~'!.;':'~ .. t~'~.~. ~I In the foreword, State Geologist ) .f) " .... 
Donald A. Hull notes, "This paper pro- r \. 

vides basic data that will serve the i, 
scientific community for decades to 
come . " 

Both reports are available at all 
offices of the Department of Geology 
and Mineral Industries. Spechl Paper 1 
sells for $2.00; Special Paper 2 costs 
$3.50 . 

203 



INCREASE OF OIL, GAS, AND GEOTHERMAL 
EXPLORATION IN OREGON 

The level of exploration for energy resources is a simple measure of a 
complex set of energy factors impacting the economy and influencing 
society. Among these factors are individual choices in consumption pat­
terns; policy decisions on all levels, public and private, as they re­
spond to changing costs; foreign influences such as embargoes; percep­
tions of national security; and, of course, geologic factors influencing 
the natural fuel supply. 

In recent years, this mix of factors has combined to accelerate the 
exploration for oil, natural gas, and geothermal resources in the United 
States. Of the 50,000 oil and gas wells drilled in the world last year, 
for example, about 90 per cent were drilled in the United States or short 
distances offshore. Areas such as Oregon, previously passed over for a 
variety of reasons, are now attracting considerable attention and can be 
expected to receive even greater attention in the future. 

The total number of oil and gas wells drilled in Oregon to date is 
approximately 220, or one for every 400 sq mi of surface area. Plainly, 
this is a minimal level of effort for a state known to have hydrocarbon 
source rocks, potential reservoir rocks, and numerous types of strati­
graphic and structural traps. Increasing attention to oil and gas 
potential in Oregon is aimed at locating the appropriate mix of organic 
shale, sandstone reservoir, and structural trap capable of yielding 
commercial production. 

Exploration for geothermal power is also difficult. Technical 
assessments of heat flow patterns, geologic structures, heat sources, 
and geophysical properties of large areas of the State are needed to 
guide the more localized and the more expensive drilling efforts needed 
to ultimately locate the resource. With geothermal energy, as with oil 
and gas, the level of historic exploration in Oregon has been low. This 
low level of geothermal exploration is attributed to the recency with 
which society has recognized the desirability of this resource and to 
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WILDCAT WELLS DRILLED IN OREGON 

FOR OIL & GAS 

Note: Includes eight wells drilled 
offshore on continental shelf 
1965-1967 

1960 to 1978 

........ 

1960 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
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1970 

GEOTHERMAL PROSPECT WELLS 

DRILLED IN OREGON 

(Depth 500 It or less ) 

Note: After 1975. holes were deeper 
(500 ft instead of 10-200 ft 
range) 

71 72 73 74 

1972 to 1978 

75 

YEARS 

76 77 78 79 

The following major lessors have assembled the oil and gas leases 
in the State: 

Mobil Oil Corporation 
Texaco, Inc. 
Standard Oi 1 
Reichhold Energy 
John Rex and Associates 
John Batts 
Inter American Petroleum 
Eri ck Von Tech 
Farnham Chemical 
R.F. Harrison 
Tenneco Oil Company 
Northwest Exploration 
Far West Oi 1 
Floyd C~rdinal and Assoc. 
Gas Producing Enterprises 

Denver, Colorado 
Los Angeles,.California 
San Francisco, California 
Tacoma, Washington 
Terrebonne, Oregon 
Billings, Montana 
Denver, Colorado 
North Bend, Oregon 
Portland, Oregon 
Seattle, Washington 
Bakersfield, California 
Denver, Colorado 
Portland, Oregon 
Billings, Montana 
Denver, Colorado 

80 

The U.S. Department of the Interior lifted the moratorium on federal 
oil and gas leases in Oregon in December 1974. Lease applications pend­
ing since 1971 were processed, allowing three major exploration programs 
to proceed: one by Texaco in eastern Oregon; one by Michel Halbouty 
near Burns in central Oregon; and a third by Mobil Oil Company in 
southwestern Oregon. 

In 1977 Mobil Oil Company continued its extensive geophysical studies 
on a 900,OOO-acre lease block in southwestern Oregon. This end of the 
Tertiary marine basin has never been explored below a depth of 5,000 ft. 
(In 1951 Union Oil drilled a 7,OOO-ft hole in the area, but steeply dip­
ping beds shortened stratigraphic penetration.) A 14,OOO-ft hole is now 
being drilled in Douglas County east of Oakland. 

In the spring of 1977, an Oregon State University geological field 
party found an oil seep on the Alfred Watson property near Olney, about 
10 mi southeast of Astoria. Three oil companies have confirmed the fact 
that the seepage is crude oil. 
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In 1975, Shell Oil Company be9an a large leasing program in the 
Columbia Basin of eastern Washington ; and Texaco and Gulf have since 
joined the leasing effort. An estimated 300,000 acres are believed to 
be under lease in this re9ion at present , but leasing has not yet ex­
tended into the Oregon portion of the basin. 

Objectives in the Columbia Plateau leasing appear to be Tertiary 
nonmarine and pre-Tertiary marine beds underlying Miocene lavas. Dis­
covery of oil in Tertiary nonmarine rocks at Trapp Springs, southeastern 
Nevada, has focused attention on a whole new area, includin9 similar 
deposits in the Pacific Northwest. 

* * * * * 

OREGON'S NICKEL DEPOSITS INVENTORIED 

Miscellaneous Paper 20, "Investigations 
of Nickel in Oregon," is a report of the 
statewide assessment of nickel deposits 
in Oregon conducted by the Department 
of Geology and Mineral Industries in 
cooperation with the U.S. Bureau of 
Mines. 

Designed to supply basic resource 
data to various groups, policy formu­
lators, agencies, and land use planners 
needing information on the State's nickel 
potential, the 67-page paper conta ins 
numerous figures and maps. 

During the period 1966-77, the en ­
tire United States primary mine produc-

- .. -:;:.::;::'':::~- tion of nickel was from the Hanna Mine 
near Riddle, in Douglas County. These 

1~8 investigations cover the Hanna Mine plus 
24 deposits that lie in the southwest 
corner of the State in Curry and Jose­

phine Counties. Future development of one or more of these nickel areas 
could make a major economic impact in this part of Oregon. 

Two other main areas of future nickel production potential lie in 
Oregon. One is in the Illinois Valley, in which a centrally located 
plant could draw from the larger, better grade, and more accessible 
deposits in the Josephine peridotite sheet; the other is in the Red 
Flat area southeast of Gold Beach in Curry County . Several factors 
will affect possible expansion of Oregon's nickel industry--future 
supply of and demand for nickel, chromium, and cobalt; national and 
local political policy regarding domestic production of these stratigic 
minerals; the ability to develop energy-efficient , inexpensive, and non­
polluting metallurgical processes; and the ability to develop satisfac­
tory and inexpensive reclamation procedures for mined lands. 

"Investigations of Nickel in Oregon" is 
by the Department as a miscellaneous paper. 
cluded in the new Special Papers series. 

the las t report to be issued 
Similar studies will be in -

Department offices in Portland, Grants Pass, and Baker have supplies 
of Miscellaneous Paper 20 on sale at $5.00 per copy. 
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NEW APPLICATIONS FOR GEOTHERMAL PROSPECT WELLS 

Proposed number of 
500' temperature 

Company Area gradient holes 

Aminoil, USA, Inc. Alvord Valley 
Aminoil, USA, Inc. Breitenbush 

Hot Springs 
Phill ips Petroleum Brothers Fault Zone 
Union Oil Company Alvord Valley 
Hunt Energy Corporation South Warner Valley 
Hunt Energy Corporation Owyhee Reservoir 
Hunt Energy Corporation Klamath Falls 
Chevron Resources 
Anadarko Production 
Oregon Department of 
Geology and Mineral 
Industries 
John Hook 

Bully Creek 
Alvord Valley 
Mount Hood 
(around base) 

Upper Clackamas 
River 

* * * * * 
NEW APPLICATIONS FOR OIL AND GAS DRILLING 

Company Well name Location 

Farmham Chemical K-Barr #1 NE1/4 sec. 31, 
T. 11 S., R. 1 W. 
Linn County 

Farnham Chemical Normarc #1 NE1/4 sec. 31, 
T. 11 S., R. 1 W. 
Linn County 

Mobil Oil Corp. Ira Baker #1 NE1/4 sec. 28, 
T. 15 S., R. 3 W. 
Linn County 

Mobil Oil Corp. E. Glaser #1 SW1/4 sec. 14, 
T. 13 S., R. 3 W. 
Linn County 

Fa rnham Chemi ca 1 Normarc #2 NW1/4 sec. 31, 
T. 11 S., R. 1 W. 
Linn County 

Farnham Chemical Normarc #3 NW1/4 sec. 31, 
T. 11 S., R. 1 W. 
Linn County 

Farnham Chemical Normarc #4 NE1/4 sec. 36, 
T. 11 S., R. 2 W. 
Linn County 

208 

6 
2 

80 
12 
20 
25 
30 
13 
75 
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Proposed 
depth 
(feet) 

4,500 

4,500 

10,500 

10,500 

4,500 

4,500 
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OFFSHORE OIL BOOKLETS AVAILABLE 

"Oregon and Offshore Oil" is being sold at the Portland office cf the 
Oregon Department of Geology and Mi nera 1 Indus tri es. The 54-pa r e book­
let was prepared by the Oregon State University Sea Grant Collece Program 
for the Governor's Task Force on Outer Continental Shelf Oil and Gas 
Development and was released in September 1978. 

Jeffrey M. Stander and Bronwyn H. Echols did both the research and 
the writing for "Oregon and Offshore Oil." Their purpose was to provide 
Oregonians with useful background on the process of exploiting continen­
tal shelf petroleum and on the possible economic, social, and environ­
mental effects of such energy development. Use of such information is 
essential to those who must make decisions on the best areas for leasing, 
siting of offshore facilities for exploiting this energy, and management 
of social and economic changes resulting from the development of such an 
industry. 

Connie Morehouse designed the attractive book, which contains many 
photographs and illustrations as well as a glossary and lists of refer­
ences and of agencies involved in offshore oil exploration and develop­
ment. 

To assure comprehensiveness and accuracy in their work, Stander and 
Echols called upon many specialists from Oregon state agencies for in­
formation and critical reviews. Among those represented were the Cepart­
ments of Land Conservation and Development, Environmental Quality, Energy, 
Fish and Wildlife, and the Division of State Lands. 

"Oregon and Offshore Oil" costs only Sl.OO per copy. The supply is 
limited, so come to the Portland office to get your copy, or send 
$1.00 promptly. See inside front cover for the address. 

* * * * * 

STAY OUT OF OLD MINES! 
(and operating ones, too) 

The recent near-tragedy involving two youngsters at an operating mine in 
central Oregon prompts the Department to once again issue a warning abou: 
the hazards involved with poking around in mines. Mines, particularly 
old mines, can be most dangerous to life and limb at any time. Rotting 
timbers, foul air, and weathered rock about to collapse are only a few 
of the deadly hazards that are encountered by those who decide to 
explore. 

Operating mines pose additional dangers. Noisy equipment can mask 
cries for help when something goes wrong. Active mines, even during 
periods when operations are shut down temporarily, can trap the unwary. 
This is what happened to the children who decided to investigate a 
bunker filled with lightweight aggregate. The stockpile collapsed 
and totally engulfed one child, trapped the other, and even started 
to bury one of the rescuers. 

Remember, mines are a necessary adjunct to our way of life, but 
to the idly curious they can be deadly. 

* * * * * 
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WATCH FOR "OREGON GEOLOGY" 

This is the last issue of the ORE BIN. Starting next month, the Oregon 
Department of Geology and Mineral Industries will publish its successor, 
OREGON GEOLOGY, each month. 

OREGON GEOLOGY will have a larger page size (8-1/2 by 11 in.); a 
less expensive self-cover with large photographs, drawings, or maps; and 
a two-column format that will give us greater flexibility in layout, pro­
viding you, in turn, with a more attractive, interesting, and readable 
magazine. The new name, we believe, reflects more accurately the cur­
rent content of the magazine and the nature of the readership. 

The first ORE BIN was mimeographed in January 1939, replacing the 
PRESS BULLETIN, and had eight 8-1/2 by 11 in. pages. Articles in the 
first issue included "Oregon Mineral Production," "Fissure Eruptions 
Near Bend," and "Rocks That Float: A New Metallurgical Process." The 
first ORE BINs were free; but in July 1940, a subscription rate of $0.25 
per year was instituted. 

By January 1962, when the ORE BIN with the now-familiar 6 by 9 in. 
format appeared, the subscription rate was $0.50 per year. Articles in 
the first 16-page issue included "Oregon's Mineral Industry in 1961," 
"Oil and Gas Exploration in 1961," "Geologic Map of Western Oregon Now 
Available," "Pacific Stoneware Production Expands," and "Nehalem Wax 
Gets Carbon-14 Date." 

Over the years, the ORE BIN has contained articles on just about 
every aspect of Oregon's mining, mineral resources, mining history, and 
geology. ORE BIN field trips have introduced many readers to 
the beauty and geologic wonders of the State. And many ORE BIN articles 
have provided quick, complete answers to many questions asked of Depart­
ment staff. The ORE BIN has been a successful publication that has at­
tracted a loyal readership. 

But readers' habits, needs, and tastes have changed; and over the 
years the content and naturi of the ORE BIN has been changing, too. As 
time goes on, we plan to print general interest articles for the layman 
as well as technical articles for the professional geologist. We want 
OREGON GEOLOGY to be a clearing house for information about Oregon geol­
ogy, and we want it to be responsive to your interests and needs. 

So look forward to the first issue of OREGON GEOLOGY. Let us know 
how you 1 ike it. 

* * * * * 
WHY PAY MORE? 

"Going rate" for the ORE BIN is $3.00 a year or $8.00 for three years. 
This subscription rate will apply until January 1, 1979, to subscriptions 
for OREGON GEOLOGY. 

After the turn of the year, OREGON GEOLOGY will cost $4.00 a year 
or $10.00 for three years. This increase is because of rising printing 
and postal costs, not because of the change in magazine format. 

Extend or renew your subscription now. And order gifts before the 
increased price is required. You and your friends can enjoy OREGON 
GEOLOGY for up to three years at the "old ORE BIN price." 
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INDEX TO THE ORE BIN 
VOLUME 40, 1978 

The annual cycle of profile changes of two Oregon beaches, by N.A. Agui-
lar-Tunon and P.O. Komar (40:2:25-39) 

Clastic dikes in southeastern Oregon, by N.V. Peterson (40:7:130-131) 
Domestic exploration for materials, by P.H. Abelson (40:8:146-147) 
Engineering geology symposium to be held at PSU (40:3:56) 
Former board member dies (40:2:40) 
Geologist registration: 

Geologists apply for registration (40:8:147) 
Geologists registration fees announced (40:2:40) 
Oregon geologists can now register (40:4:76) 
Registration reminder (40:7:129) 

Geothermal: 
Applications for permits to drill geothermal wells (40:9:163) 
HLM to offer geothermal leases (40:10:170) 
Geothermal energy in 1977, by V.C. Newton, Jr., and D.A. Hull 
(40:1 :8-16) 
Geothermal specialist joins staff (40:7:132) 
Mount Hood geothermal drilling program continues (40:10:174-175) 
Mount Hood geothermal resource assessment program announced (40:8:147) 
New applications for geothermal prospect wells (40:12:208) 
Sunoco obtains four geothermal tracts (40:11 :192) 

Irving Rand dies (40:9:161) 
Late Pleistocene sediments and floods in the Willamette Valley, I.S. Al­

lison: Part 1 (40:11:177-191); Part 2 (40:12:193-202) 
Levyne in the Wallowas, by D.G. Howard (40:7:117-126) 
Mining, minerals, and mined land reclamation: 

A geological field trip guide from Cottage Grove, Oregon to the Bo­
hemia mining district, by J.J. Gray and B.F. Vogt (40:6:93-116) 
The golden years of Eastern Oregon, by M.F. Potter and Harold McCall 
(Reprint from June 1968 ORE BIN) (40:4:57-70) 
Matson new general manager of Hanna Nickel Mine and Smelter (40:7:128) 
Mined land reclamation, 1977, by S.L. Ausmus (40:1 :6-7) 
Mineral exploration expenditures summarized, by D.A. Hull (40:9:160) 
1977 mineral operations income set record (40:7:128) 
1978 Pacific Northwest Metals & Minerals Conference (40:4:73-76) 
NMA schedules exploration geophysics course (40:9:162) 
Northwest miners to host (40:11:192) 
Oregon Agate and Mineral Society Gem and Mineral Show (40:1:23) 
Oregon's mineral and metallurgical industry in 1977, by J.J. Gray 
(40: 1: 6) 
uverview of the Hohemia mining district, by J.J. Gray (40:5:77-91) 
Quartz is symposium topic (40:7:127) 
Stay out of old mines (40:12:209) 

Mount Baker's changing fumaroles, by E.P. Kiver (40:8:133-145) 
New State Geologist (40:1:23) 
Oil and gas: 

Applications for oil and gas drilling permits (40:9:164) 
Drilling halted on Columbia County gas test (40:8:148) 
Increase of oil, gas, and geothermal exploration in Oregon 
(40:12:204-207) 
Mobil Oil drilling at Oakland (40:10:173) 
Mobil Oil spuds Oakland gas test (40:8:148) 
New applications for oil and gas drilling (40:12:208) 

211 



Oil and gas (continued) 
Notice of hearing to review changes in oil and gas regulations 
(40:9:164) 
Notice of public hearing (Coos County) (40:12:202) 
Oil and gas exploration in 1977, by V.C. Newton, Jr. (40:1 :16-22) 
Oil and gas surety bonds for drilling increased (40:7:132) 

Pet rock loses life (40:4:72) 
Preliminary note on the late Pleistocene geomorphology and archaeology of 

the Harney Basin, Oregon, by K.D. Gehr and T.M. Newman (40:10:165-170) 
Publications announced (Department): 

Benton County rock material resources study published (Short Paper 27) 
( 40: 1 0: 171-172) 
Curry County study released (Bulletin 93) (40:5:91) 
Department announces new Special Papers Series (40:12:203) 
New bibliography supplement released (Bulletin 97) (40:8:148) 
New geothermal gradient data is compiled (Open-File Report 0-78-4) 
(40:9:162) 
North American ophiolites attract worldwide interest (Bulletin 95) 
(40:5:92) 
Nuclear plant sites subjects of open-file reports (0-78-1; 0-78-2) 
(40:7:127) 
Origin of magma is studied (Bulletin 96) (40:5:92) 
Watch for "Oregon Geology" (40:12:210) . 

Publications announced (USGS) 
USGS issues new Oregon "topo" index (40:4:76) 
USGS to reprint mineral restrictions map (40:10:170) 
U.S. scientists map potential hazards from volcano in Ecuador 
(40:9:158-159) 

Publications announced (miscellaneous) 
Bibliography of Oregon caves published (Oregon Speleological Survey 
Bulletin 6) (40:2:40) 
Offshore oil booklets available (Oregon State University Sea Grant 
College Program (40:12:209) 
Oregon 1977 mineral data summarized (U.S. Bureau of Mines SMP 20) 
(40:10:176) 
Surface mine regs published (40:10:170) 

Ralph Mason retires (40:1:24) 
Sign of the times (40:10:176) 
Soapstone industry in southwest Uregon, by N.V. Peterson and Len Ramp 

(40:9: 149-157) 
Surficial geologic hazard concepts for Oregon, by J.D. Beaulieu 

(40:3:41-56) 
U.S. doubles earthquake research (40:4:71) 
Western states recover from drought (40:11:192) 
What's in it for you? (40:10:172) 
Why pay more? (40:12:210) 

* * * * * 

There's nothing constant in the universe, 
All ebb and flow, and every shape that's born 
Bears in its womb the seeds of change. 

Ovid, Metamorphoses, XV (A.D. 8) 
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