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The Granite Mountains, located on the
southern end of the Wallowa Mountains in north-
eastern Oregon. These mountains are part of the
Upper Jurassic-Lower Cretaceous Wallowa Bath-
olith. (Photo courtesy Oregon State Highway
Department)

Mineral quadrangle map
now available

The Geologic Map of the Oregon part of the
Mineral quadrangle, by H.C. Brooks, was released by
the Oregon Department of Geology and Mineral In-
dustries last December. It is GMS-12, map no. 12 in
DOGAMTI’s Geologic Map Series.

The map is on a scale of 1:62,500 (about 1 inch=1
mile) and covers the Oregon side of the Snake River
Canyon between Powder River on the north and Hib-
bard Creek on the south. Printed on a topographic base,
the black-and-white map identifies 12 different rock
units, distinguishing some of them by patterns of differ-
ing texture.

Approximately half of the map area is underlain by
metamorphosed late Paleozoic and Mesozoic marine
sedimentary and volcanic rocks cut by small grano-
diorite plutons of late Jurassic age; the other half is
underlain by continental volcanic and sedimentary
rocks of Cenozoic age.

GMS-12 may be purchased from DOGAMI’s Port-
land and Baker offices. Mailed orders should be ad-
dressed to the Oregon Department of Geology and
Mineral Industries, 1069 State Office Building, Port-
land, OR 97201, or 2033 First Street, Baker, OR 97814.
The price is $2.00 per map. Payment must accompany
orders of less than $20.00. OJ
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Forecasting rock material demand: an overview
of several techniques and detailed review of two

by Jerry J. Gray, Economic Geologist, Oregon Department of Geology and Mineral Industries

for Rock Materials in Oregon.

resolution.

Managing rock resources can be reduced in its simplest form to: (1) a matching of supply with demand, and
(2) a rational development of policies that conform to the constraints defined by supply and demand.

In Oregon, rock resource assessments are being developed by the Oregon Department of Geology and
Mineral Industries on a regional basis to conform to market areas. These assessments provide needed informa-
tion on supply. Demand is modeled in the Department’s Special Paper 5, Analysis and Forecasts of the Demand

The following article compares and contrasts various statistical methods for forecasting demand for rock
resources. The applicability of each method is a function of available data, available funding, and desired

The article digresses slightly from the mainstream of geology but demonstrates very conclusively the prac-
tical application of geologic inventory data in addressing the needs of society.

—-J.D.B.

INTRODUCTION

Society must provide for the future availability of
needed resources. Through ORS 215.055 and LCDC
Goal 5, Topic B, the State of Oregon formally directs
counties and cities to take into consideration lands that
are, can be, or should be utilized for material resources
or for the processing of mineral aggregates in the adop-
tion of any land use ordinance. LCDC Goal 9, Guide-
line A-2 states: “The economic development projections
and the comprehensive plan which is drawn from the
projections should take into account the availability of
the necessary natural resources to support the expanded
industrial development and associated populations. The
plan should also take into account the social, environ-
mental, energy, and economic impacts upon the resident
population.”

To do this, counties and other planning units need
to know what their present mineral inventories are,
what inventories they will need in the future, and where
those inventories will be found. Such resource planning
must take place before the mineral resource land base
has been preempted by zoning for other uses.

The Oregon Department of Geology and Mineral
Industries recently published Special Paper 5, Analysis
and Forecasts of the Demand for Rock Materials in
Oregon, by Friedman and others (1979). This report is
the culmination of many years of Departmental study of
rock material demand. Special Paper 5 is technically
written for a limited audience; its application and the
mineral production data contained within, however,
concern a much broader audience. With the aim of
making the report and data more readily usable in any
given situation, the present paper reviews the forecast
modeling spectrum from the very simple to beyond that
presented in Special Paper S, with emphasis on two par-
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ticular types of modeling, so that anyone involved in
forecasting can choose the type of modeling most ap-
propriate for his needs. It also presents a cookbook ap-
proach to forecasting, relying mainly on Department
studies by Schlicker and others (1978), Gray and others
(1978), and Friedman and others (1979, the Special
Paper mentioned above). Readers wishing to study the
theory behind the forecasting techniques should consult
the references listed at the end of this paper.

DATA BASE

Data for mineral economic marketing or forecast-
ing studies are collected by the U.S. Bureau of Mines in
its annual canvass of mineral producers and made avail-
able in various Bureau of Mines publications. In Special
Paper 5, the Oregon Department of Geology and Miner-
al Industries published 15 tables (Tables 31 to 46) of
Bureau of Mines statistics for Oregon’s 13 marketing
units, the State as a whole, and that production that
could not be assigned to a single county (mainly U.S.
Forest Service stone output). The statistics include ton-
nage and value statistics by year from 1940 through
1976 for sand and gravel and stone (including any cinder
used for road metal) and for the two commodities com-
bined. These 15 tables provide a starting point for de-
mand analysis and forecasting for any area in the State.
Other economic statistics can be obtained from the
Oregon Employment Division, Research and Statistics
Section; the Oregon Department of Transportation,
Policy and Program Development Section; the Center
for Population Research and Census, Portland State
University; the U.S. Department of the Interior, Bonne-
ville Power Administration; and the Oregon Depart-
ment of Revenue.
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Figure 1. Oregon’s annual production tonnages of sand and gravel and stone vs. time.

OVERVIEW OF FORECASTING TECHNIQUES

Introduction

All forecasting starts with an examination of the
past. One relatively informal way is to consult an experi-
enced rock material industry expert. On a more sophisti-
cated level, one can study past production figures,
statistical trends, economic cycles, or demographic
changes. The past may be shown on a graph in which
past production is related to time (Figure 1) or some
other economic factor such as population (Figure 2).
For forecasting, the scale used to record the past is ex-
tended into the future, and the trend line or correlations
are extended over the scale. The scale can be either
arithmetic, logarithmic, or exponential.

Forecasting costs time and money. As the sophisti-
cation increases, so does the cost. Thus, for example,
the input-output method of modeling discussed later in
this paper is so costly that its use in forecasting rock
material demand is not feasible. All current methods of
modeling, however, are described below, proceeding
from the simplest to the more sophisticated.

Opinion polling

Opinion polling consists simply of asking several
rock material industry experts what the future holds for
rock material demand. The results are then averaged.
Averaging good forecasts with bad forecasts, however,
has a few shortcomings. Care should be taken in select-
ing experts, because if the experts consulted are pro-
ducers, their estimates might be high. Individual pro-
ducers tend to believe that their firms will grow at rates
faster than that of the market as a whole.

For a small market area with only two or three pro-
ducers, however, their estimates on the amount of land
that will be needed to insure a good future supply of
rock material may provide all the demand analysis that
is needed by the local planner.

Freehand time trending
The next type of modeling consists of plotting rock
material production against time, drawing a smooth

curve through the data points, and extending the curve
into the future. Figure 3 shows Oregon’s sand and gravel

OREGON GEOLOGY, VOL. 42, NO. 1, JANUARY 1980
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Figure 2. Oregon’s annual production tonnages of sand and gravel and stone vs. population.
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Figure 3. Oregon’s annual production tonnages of sand and gravel and stone vs. time, with freehand-drawn
curve.
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Figure 4. Oregon’s annual production tonnages of sand and gravel and stone vs. time, with least-squares curve.
Shaded area above curve nearly equals the shaded area below curve. Sum of the two areas is at a minimum.

and stone annual tonnages plotted against time, with a
freehand curve drawn through the data points so that
half of the points are above the curve and half are
below. The advantage of this type of modeling is that it
is fast. The disadvantages are that there is no way to
judge how well the curve fits the data points and there is
no measure of how the rise and fall of output tonnages
over time may affect the forecast. For small market
areas, production can swing up and down wildly, and
the selection of linear trends is somewhat arbitrary.

Least-squares time trending

The least-squares technique is a statistical way of
passing a curve (or a straight line) through a set of data
points in such a way that square units of area over the
curve will equal those under the curve and the sum of
those areas will be the smallest possible amount. The
degree to which the curve fits its data points is given a
statistical number from 0 to 1 and is indicated by the
symbol r2. In general terms, the r? represents the total
size of square area over and under the curve. An r2 of 1

is a perfect fit, meaning there are no data points above
or below the curve (Figure 4). An 2 of 0 means that the
data points vary so much that there is no linear trend
within the data. The least-squares technique is discussed
in greater detail later in this paper.

Other time trend techniques

When the economic base is small, another way to
forecast is to compare the local market area to the
surrounding larger market area or to a market area that
has already passed through the economic stages the
smaller area is experiencing (e.g., state vs. county, as in
Figure 5).

This approach is good if data are available for a
county but not for a city: demand can be estimated for
the county, and city-to-county ratios, based on such
economic factors as population, miles of streets and
roads, or value of building permits, can be used to split
out the city’s portion of the total county rock material
demand.

This technique can also be used as a check for
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Figure 5. Oregon’s and Benton County’s annual production tonnages of sand and gravel and stone vs. time, with

least-squares curve.

Table 1. Present and predicted production of sand and gravel and stone*

1976 2000
Per capita Estimated Per capita
Area Production consumption production consumption
(tons) (tons) (tons) (tons)
State of Oregon 37,903,905 16 88,852,000 26
Willamette Valley 18,991,621 12 46,907,000 22
Benton County 538,142 8 1,468,339 16
* Source: Gray and others, 1978.
7
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reasonableness of a forecast. After the forecast has been
obtained, the tonnages are checked against an as yet
unused economic factor. If this is population, for exam-
ple, the local per capita figure is compared to the larger
marketing area’s per capita figure. If the two differ
greatly, a second look at the economic base of the
smaller marketing area may be needed.

Table 1, for example, shows the relationship be-
tween the present (1976) output of two larger marketing
areas and a smaller marketing area and the predicted
production for the year 2000 for the three market areas.
To check the reasonableness of the smaller area (Benton
County) forecast, per capita consumption is also shown.
The Benton County per capita figure of 16 is reasonable
when compared to the State per capita figure of 26, if
the characteristics of the two markets are also com-
pared. The State’s economy is well diversified, but that
of Benton County is not.

Econometrics/multiple regression analysis

Econometrics/multiple regression analysis com-
pares rock material output (a dependent variable) to
several economic factors (independent variables). This
technique uses the demand from each of the indepen-
dent variables to build a model of total demand. The in-
dependent variables relate only to that portion of rock
material output which is controlled by the market place.
They do not relate to demand caused by external influ-
ences, such as a Federal dam building program. The
econometrics/multiple regression analysis technique
and the result of its use in Special Paper 5 are discussed
in the second half of the present paper.

Input-output table

The basis for the input-output system of economic
analysis and forecasting is that all of the economy is
interrelated. The output from one segment of the
economy becomes part of the input to several other
segments. A change in one segment affects all the other
segments of the economy.

If enough data can be gathered to build an input-
output table, economic analysis of market demand and
forecasting can be studied in great detail. However, the
cost of obtaining data to build an input-output table is
very high. Even at the State level, it will normally be too
high for the benefit gained.

If the State had an input-output table, the effect of
shortages and high prices of gasoline and fuel oil, for
example, could be followed through the economy. The
points of stress on other segments of the economy
would be very clear. Such a table would be very useful in
predicting the effects of the closure of a major rock
material resource throughout a local economy, when,
for example, a price rise could be anticipated to cover
transportation costs from the next closest supply.

8

THE TWO MOST USEFUL TECHNIQUES

Because least-squares time trend modeling and
econometrics/multiple regression analysis are the two
most useful techniques for projecting local- and State-
level rock material demand, we shall now discuss them
in some detail. The discussion of the least-squares time
trend technique relies mainly on those of Schlicker and
others (1978) and Gray and others (1978). Discussion of
the econometrics modeling is based mainly on its use by
Friedman and others (1979).

Least-squares correlations are easy to perform with
a modern, handheld, programmable calculator. With
the manufacturer’s instructions, the calculator can be
programmed and a correlation run in a very short time.
Econometrics/multiple regression analysis cannot be
performed very easily with a calculator. Most computer
centers, however, have standard programs for executing
multiple regressions, and the cost is quite reasonable.

Least-squares time trending

An example of least-squares time trending is the
correlation of the State’s output of sand and gravel and
stone with time, using different lengths of base years
(Figure 6), as done by Gray and others (1978). For this
example, the State’s annual production tonnages for
sand and gravel and stone were plotted on semilog
graph paper to show the pattern of production over the
period from 1940 to 1976.

The next step was to choose the most desirable
length of the data base. The exponential-type curve of
least squares produces a simple straight line on semilog
paper; therefore, this type was used to determine the
length of the data base. The general formula for the
exponential-type curve of least squares is Log., Y=
Log. a+ bX, leading, in the case of using the total time
span, to the formula Log, Y=15.77+0.057X, when
n=36 and X, =1940. In these formulas, Y is the depen-
dent variable (production tonnages), a is the constant
where the curve crosses the x-axis, b is the slope of
curve, and X is the independent variable (time). The #n is
the number of years used in the least-squares correla-
tion, and X, is the starting year.

Four models were developed: the first model
spanned the total time from 1940 through 1975; for the
second model, the time span was shortened by 10 years
to 1950 through 1975; the third model was shortened by
another 10 years to 1960 through 1975; and the fourth
model was again shortened by 10 years to 1970 through
1975. The r? values ranged from 0.01 to 0.83. Perfect
correlation between time and production is 1.0, and no
correlation is 0.0.

Each trend was projected to the year 1990. Figure 6
shows that the length of the data base influences the
projection for the year 1990. The range of projections
using different data base lengths was from 38 to 122

OREGON GEOLOGY, YOL. 42, NO. 1, JANUARY 1980
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Figure 6. Oregon’s annual production tonnages of sand and gravel and stone vs. time. Four exponential least-
squares curves with different data base lengths are also plotted, with trend lines extending to the year 1990.

million tons per year. The model that gave the highest r2
value (0.83) used the total length of the time series.

The model with the highest r? value in Figure 6 and
the historic series were replotted as the top model in
Figure 7. The arithmetic least-squares type of curve with
the general formula of Y=a+ bX was tried in the bot-
tom model. It had an r? value of 0.73. Finally, the
power-curve least-squares type of curve with the general
formula Log, Y=a+ b Log. Y was tried (middle model).
It had an 72 value of 0.88 and therefore was accepted as
best for projecting the State’s future consumption.

In the six least-square correlations shown in Figures
6 and 7, the forecasts for the year 2030 range between 43
and 1,193 million tons. The most reasonable forecast
and the one with the highest r? is the middle model in
Figure 7. It predicts production of 150 million tons.

In Special Paper 5, Friedman and others called
least-squares modeling “growth rate modeling” and used
the exponential-type curve with the general formula of
Log. Y=Log, a+ bX.

The final forecasting results of the two studies
under consideration (Gray and others, 1978; Friedman
and others, 1979) are shown in Table 2. Production

OREGON GEOLOGY, VOL. 42, NO. 1, JANUARY 1980

statistics used by Friedman and others in their study did
not include those listed under various counties (Table
45, Special Paper 5) and those used for dams (Table 46,
Special Paper 5). Therefore, to make the two studies
comparable in this paper, the forecasts for Oregon by
Friedman and others were expanded by the statistical
means listed in Table 3b.

Statistical models should be evaluated in terms of
their consistency with the real world. In both studies,
the forecasts for 1990 range from 17 to 31 million tons
for the Portland area and from 39 to 88 million tons for
the State. The forecasts for the year 2030 range from 35
to 639 million tons for the Portland area and from 53 to
548 million for the State. Because three of the five
forecasts indicate that the Portland area will have a
larger annual demand than will the State as a whole,
they do not conform to the real world and are therefore
not valid.

A further way to judge the models is to examine
over time the percentage of annual demand that the
Portland area of Clackamas, Columbia, Multnomah,
and Washington Counties added to the State total. As
Table 4b shows, the average percentage for the years
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Figure 7. Oregon’s production tonnages of sand and gravel and stone vs. time, with different types of least-
squares curves and their trend lines extended to the year 2030.

1940 to 1976 was 24.4 percent. The range of limits for a
99-percent confidence interval around that mean is from
21.1 to 27.6 percent. The average percentage for the
years 1964 to 1976 was 25.4, and the 99-percent confi-
dence interval range is from 18.4 to 32.4. As the
statistics show, there has been no great change in the
Portland area’s annual production percentage of the
State’s total. Also, there is nothing in the annual pro-
duction data to indicate that the percentage will change
radically between 1976 and 2030.

Therefore, any forecast which makes the Portland
area’s demand less than 18 percent or more than 33 per-
cent of the State’s total should be viewed cautiously.
Using this test as a guide, we find only the first two of
the forecasts given in Table 2 to be reasonable.

A note of caution is appropriate for such time-
trend modeling. In times of marked change in construc-
tion, population, or other factors which determine de-
mand, projections which appear valid in terms of r2 may
nevertheless fail to be accurate indicators of future de-
mand. Forecasts should be tested and updated as new
data become available.
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Econometrics/multiple regression analysis

With econometrics/multiple regression, the corre-
lation of least squares is taken a step further. A depen-
dent variable such as the production of sand and gravel
and stone is correlated to two or more explanatory vari-
ables such as price or population. The correlation can be
simultaneous or by one variable at a time. This correla-
tion allows periodic updating of the model as revised
figures for the independent variables are obtained.

Econometric models have the following general
form: Y=bo=bX:+b:X2+...b,X,, where Y=the
dependent variable; bo =the intercept term (a constant);
X\, X2, Xs,...X,.=explanatory variables; and b, b,,
...b,=the coefficients of X, X3,...X,.

The explanatory variables employed in Special
Paper 5 by Friedman and others were population,
employment, price, State highway expenditures, and
real income. These were the only economic variables
available with adequate historical data.

In essence, multiple regression analysis results in an
equation of the best straight line formed by the mathe-

OREGON GEOLOGY, VOL. 42, NO. 1, JANUARY 1980



Table 2. Projections of annual demand for sand and gravel and stone, determined by the least-squares method

Portland area*

Oregon

1990 2030 1990 Portland area* 2030 Portland area*
Models by b nd commodit forecast** forecast** forecast** demand as forecast** demand as
odels by Dase years and commodity (million (million (million percent of (million percent of
tons) tons) tons) Oregon demand tons) Oregon demand
Log.Y=a+b Log.X (Gray and others,
1978)
Base years 1940-76 17(1) 35(1) 71(2) 24 150(2) 23
(sand and gravel and stone)t
Log.Y=Log.a+ bX (Friedman and
others, 1979)
Base years 1950-76 20(3) 116(3) 71(4) x 1.2051 =86 23 379(4) x 1.2051 =457 25
(sand and gravel and stone)t
Base years 1964-76 31(5) 356(5) 34(6)x 1.1385=39 80 98(6) x 1.1381 =112 318
(sand and gravel and stone)
Base years 1950-76 (sand and gravel) 11(7) 40(7) 37(8) - 167(8) -
Base years 1950-76 (stone) 16(9) 599(9) 36(10) - 288(10) -
Subtotal (1950-76) 27 639 73x1.2051 =88 31 455x1.2051 =548 117
Base years 1964-76 (sand and gravel) 21(11) 269(11) 18(12) — 17(12) -
Base years 1964-76 (stone) _8(13) 80(13) 18(14) = 31(14) -
Subtotal (1964-76) 29 349 36x1.1381 =41 71 47x1.1381=53 659

" * Clackamas, Columbia, Multnomah, and Washington Counties.

** Each forecast was derived from one of the models listed below. Number in parentheses indicates model number:

1. Log.Y=11.025+1.377 Log.X 6. Log.Y=17.21+0.0053X 11. Log.Y=15.18 +0.064X
2. Log.Y=12.044 +1.473 Log. X 7. Log.Y=14.93+0.032X 12. Log.Y=16.74-0.0015X
3. Log.Y=15.08+0.0436X 8. Log.Y=15.94+0.0374X 13. Log.Y=14.44+0.057X
4. Log.Y=16.41+0.0418X 9. Log.Y=12.93 +0.091.X 14. Log.Y=16.37+0.013X
5. Log.Y=15.64+0.0614X 10. Log.Y=15.32+0.052X

1 Most reasonable projections.
1 Expansion factor taken from Table 3b.

matical regression of the dependent variable. In other
words, it provides the equation which best describes the
dependent variable (annual sand and gravel and stone
output) as a function of the explanatory variables.

Friedman and others (1979) tried many econo-
metric models for the State; for the Portland area of
Clackamas, Columbia, Multnomah and Washington
Counties; and for other substate areas. For some
models, the dependent variable was sand and gravel
combined with stone; for other models, the dependent
variable was either sand and gravel or stone. For
economic and statistical reasons, very few models were
usable. Table 5 contains the 1990 forecasts from the
most usable models.

Of the six unmodified models (models 1, 2, 3, 4, 6,
and 7 in a footnote to Table 5), only four have r2 values
high enough to be useful for making planning decisions.
The models for the Portland area are good, with r2
values in the 0.90’s. The 1990 forecasts are the same for
all rock material, either directly by the all-rock material
model (sand and gravel and stone) or by adding the sand
and gravel model forecast to the stone model forecast.

We find the State’s forecasts are low, when com-
pared to those of the Portland area. As discussed
earlier, the Portland area should account for only 25
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percent of Oregon’s total demand; and for a 99-percent
confidence interval, its share should be 18 to 33 percent.
The Portland area forecasts have high 72 values and fall
within the range indicated by the two usable forecasts
listed in Table 2. If an assumption is made that the
Portland area will have 25 percent of the demand for all
rock materials, then the Oregon demand will be four
times the 19 million tons listed for the Portland area in
Table 5. This figure of 76 million tons falls within the
State’s range of 71 to 86 million tons shown in Table 2.
The sand and gravel unmodified model in Table 5 has
an r2 of 0.75 and a forecast of 31 million tons. The stone
unmodified model has an 2 of 0.25, which is too low to
be useful. Therefore, if the stone forecast is discarded
and the sand and gravel forecast is subtracted from the
76-million-ton forecast for all-rock material, the 1990
stone forecast is 45 million tons.

Based on the above figures, the ratio of sand and
gravel demand over sand and gravel and stone is 0.408.
This statistic compares very favorably with the three
ratios of 0.421, 0.436, and 0.485 obtained by using the
three least-squares forecast models of Gray and others
(1978), as shown in Figure 8.

The 1990 range of forecast from Tables 2 and 5 is
from 17 to 20 million tons of all rock material for the
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Table 3a. Factors needed to expand the adjusted Oregon annual production of sand and gravel and stone*

i i nsion
r Expansion r Expansion Year Expansio
factor factor factor

Yea Yea

Yea

r Expansion

Expansion
r
factor

r Expansion
factor

Yea
factor

Yea

1940 1.692 1947 1.383 1953 1.302
1941  1.866 1948  1.643 1954  1.351
1942 1.403 1949  1.348 1955 1.029
1943 1.392 1950 1.604 1956  1.033
1944  1.208 1951  2.008 1957  1.069
1945  1.235 1952 1.210 1958  1.078
1946  1.138

1959 1.100 1965 1.141 1971 1.130
1960 1.177 1966  2.063 1972 1.094
1961  1.157 1967 1.116 1973 1.027
1962 1.132 1968
1963  1.127 1969 1.107 1975 1.146
1964  1.205 1970  1.204 1976  1.227

1.126 1974 1.128

* Factors used by Friedman and others (1979) to make, their figures compatible with figures published by Gray and others (1978) and Friedman and

others (1979).

Table 3b. Means of expansion factors for base-year intervals and 99-percent confidence intervals
determined by K and t statistics

K statistic t statistic

X+ K gonm* Xxto; (n=ysryn™

Years** n  Mean soro K.;  luao

Lower limits

Upper limits  Lower limits  Upper limits

1940-76 36 1.259 0.235 0.500 2.727
1950-76 26 1.205 0.203 0.500 2.787
1963-76 13 1.137 0.052 0.500 3.055
1964-76 12 1.138 0.055 0.500 3.106

1.239 1.279 1.152 1.366
1.185 1.225 1.094 1.316
1.130 1.144 1.093 1.181
1.130 1.146 1.089 1.187

* Two-tailed test.

** 1966 expansion factor omitted.
Portland area and from 71 to 86 million tons for the
State as a whole. Sand and gravel contributes 41 percent
of all rock material demand, and stone the remaining 59
percent.

Friedman and others (1979) describe a method of
modifying the Portland-area models to fit the State by
substituting a State-level intercept. By applying this
method, we arrive at the 1990 forecasts as developed in
modified models 3 and 8 of Table 5, which predict that
the sand and gravel production (or demand) will be
greater than that of stone. The case illustrates the im-
portance of the supply factor; the current State-wide
tightening of the sand and gravel supply will result in
future production of less sand and gravel than stone.
Supply may not function directly as an explanatory
variable for demand, but indirectly it does so. A fore-
cast that does not reflect supply may therefore not be
valid.

The concept of price

The analysis by Friedman and others (1979) of the
relative price relationship between sand and gravel and
stone for the Portland area can be viewed in light of the
area’s supply situation. The published annual values
given for the commodities are measured at the pit or
plant and therefore omit most transportation costs. If
there are ample supplies of sand and gravel and stone,
the delivered value may be twice that of the pit or plant
value. If the supply of a commodity becomes tight, the
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price based on the published value may not change, but
the delivered price may be three or four times the pit or
plant price. The extra cost is transportation.

The Portland-area sand and gravel forecast model
3 of Table 5 shows that if all explanatory variables are
kept constant except price and if price rises $1.00, de-
mand will fall by 4.6 million tons. Under the same con-
ditions, the Portland-area stone demand (model 6 of
Table 5) will fall only 2.5 million tons. This indicates
that the supply is tighter for sand and gravel than it is
for stone. The tight supply of sand and gravel is causing
a price rise in all rock material resources. The stone in-
dustry is benefitting the most because the centrally
located pits of sand and gravel are being depleted, while
the stone quarries still have reserves.

Using an econometric model design to analyze the
relative price relationship between sand and gravel and
stone, Friedman and others (1979) state: “For example,
the model indicates that a 10-percent increase in the
price of sand and gravel relative to the price of stone oc-
curring in the absence of changes in the other ex-
planatory variables would produce a 3-percent decrease
in the quantity of sand and gravel demanded and an
11-percent increase in the quantity of stone demanded”
(p. 37).

Alternatively, one could state that, as the supply of
sand and gravel tightens another 3 percent, the price of
sand and gravel will rise by 10 percent and the output of
stone will rise by 11 percent. The downward trend in
sand and gravel’s portion of total output of sand and
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Table 4a. The Portland area’s* annual production of rock material as a percent of Oregon’s total annual production

Year Percent Year Percent Year Percent Year Percent
1940 18.4 1950 27.0 1960 17.6 1970 28.9
1941 24.7 1951 19.7 1961 17.2 1971 29.2
1942 22.0 1952 45.6 1962 12.6 1972 35.5
1943 28.2 1953 26.0 1963 15.4 1973 36.0
1944 28.3 1954 21.1 1964 16.9 1974 26.6
1945 27.0 1955 27.7 1965 13.9 1975 24.6
1946 30.6 1956 28.5 1966 8.3 1976 28.1
1947 22.3 1957 20.0 1967 21.3

1948 25.9 1958 21.7 1968 31.3

1949 26.5 1959 16.8 1969 29.9

* Clackamas, Columbia, Multnomah, and Washington Counties.

Table 4b. Means of Portland area’s* total annual production for base-year intervals
and 99-percent confidence intervals determined by K and t statistics

K statistic t statistic
Mean X + Kororm™* X £ laps; in-nsrun**
Years n (percent) soroc K,z te2.-1 Lower limits Upper limits Lower limits Upper limits
1940-76 37 2436 7.23 0.500 2.722 23.77 24.95 21.12 27.60
1950-76 27 2398 8.21 0.500 2.779 23.19 24.77 19.59 28.37
1964-76 13 2542 8.26 0.500 3.055 24.28 26.57 18.42 32.42

* Clackamas, Columbia, Multnomah, and Washington Counties.
** Two-tailed test.

Table 5. 1990 projections of annual demand for sand and gravel and stone, determined by the econometric method

Oregon
Unmodified models Modified models
Portland area* Portland area Portland area
Commodity with base forecast** Forecast** as percent Forecast** as percent
years of 1963-76 (million tons) (million tons) of Oregon (million tons) of Oregon
Sand and gravel and stone 19(1) 41(2) X 1.1371t =47 40 - —
Sand and gravel 11(3) 31(4) — 27(5) —
Stone . 8(6) 13(7) — 25(8) —
Subtotal 19 44%x1.137=50 38 52x1.137=59 32

* Clackamas, Columbia, Multnomah, and Washington Counties.
** Each forecast was derived from one of the models listed below, using medium estimates given in Friedman and others (1979, Table 12) for the ex-
planatory variables. Number in parentheses indicates model number. Models 5 and 8 are the same as models 3 and 6 modified by changing the
intercept to fit Oregon rather than the Portland area. The r2 values are given for each model, except for the modified two.

1. Y=1,440,651-6,667,195 (price) +0.39 (population) + 39.54 (employment) + 0.046 (highway expenditures) rr=0.91
2. Y=1,272,446 + 5,473,334 (price) —0.80 (population) +21.93 (employment) +0.064 (highway expenditures) rr=0.17
3. Y=3,572,790 - 4,616,027 (price) + 5.50 (population) + 8.61 (employment) +0.033 (highway expenditures) r:=0.93
4. Y= —8,280,846 + 4,146,131 (price) — 11.99 (population) +45.39 (employment) + 0.086 (highway expenditures) rt=0.75
5. Y=2,329,623 — 4,616,027 (price) + 5.50 (population) + 8.61 (employment) +0.033 (highway expenditures) -

6. Y=-1,601,970-2,502,933 (price) —5.52 (population) + 3.19 (employment) + 0.014 (highway expenditures) r=0.70
7. Y=29,836,530 - 9,335,489 (price) +2.20 (population) — 7.34 (employment) —0.023 (highway expenditures) r:=0.25

8. Y= -157,972-2,502,933 (price) — 5.52 (population) + 3.19 (employment) + 0.014 (highway expenditures) -
1 Expansion factor taken from Table 3b.
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Figure 8. Oregon’s annual production tonnage ratios of sand and gravel to sand and gravel and stone vs. time.

gravel and stone shown by Gray and others (1978, Fig-
ure 8) also reflects the tightening of sand and gravel sup-
plies compared to those of stone.

STEPS TO FORECAST MODELING

1. State the problem. For most of the State, the
problem is to determine how much land will be needed
for rock material production to supply present and
future needs of the local area and of the State. To
answer this question, an inventory of rock material sup-
plies must be made, and the rate at which those supplies
are being depleted must be shown. Rock resource assess-
ments and demand modeling address the two main
aspects of the problem.

2. Obtain production statistics for all-rock mater-
ial (sand and gravel and stone) and other economic
statistics for the State and for the substate marketing
area. The rock material data can be found in the appen-
dix of Special Paper 5. The substate areas were chosen
so that imports into and exports out of the substate
areas were in balance, and production statistics conse-
quently represented consumption. One of the major
findings in Special Paper -5 is that forecast modeling
does not work for areas smaller than a substate market-
ing area. In areas smaller than a marketing area, im-
ports do not equal exports. Also, because of the small
size of the economic base, output of rock material can
vary widely. Consequently, forecasting should not be
performed at the city level.

3. Plot the all-rock material production statistics
against time for both the substate marketing area and
the State. This gives a graphic picture of the peaks and
valleys of substate area output in comparison to that of
the State. From the graph, the extent to which the sub-
state area is in step with the State can be determined.

4. Plot all-rock material annual production against
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such other economic variables as population, employ-
ment, and price. If any correlation exists between the
rock material annual output and another economic vari-
able, these graphs will show linear trends. «

5. Review the graphics to determine how output
has reacted during the past and then decide what length
of time should be used for the forecasting base and
which level of forecast modeling is needed. Extending
trend lines out into the future can be done by drawing a
line freehand through the data points on a graph and ex-
tending it into the future or by using the least-squares
and/or econometrics/multiple regression methods.
After forecasts have been made for all-rock material at
the State and substate levels, they should be compared.
Demand for a substate cannot grow larger than that for
the State as a whole. The past substate percentages
should be reviewed in relation to those of the State to
see if the percentages changed much during the base
years. If they did not change during the base years but
show a major change by the end of the forecast, an ex-
planation should be sought.

6. Separate the two commodities and plot them
against time. There is a good chance that one will show
greater growth than the other. The output or growth is a
function of supply, not demand, because the two com-
modities are interchangeable.

In many parts of the State, the supply of gravel is
tight because of adverse zoning and land use; therefore,
stone often shows faster growth than sand and gravel.

7. Prepare forecast models for each of the com-
modities. The two year-end forecasts should be added
together and compared to the forecast obtained by
modeling all-rock material. Again, a part cannot
become larger than the whole. If the two models do not
equal the total, and one model has a much higher r2
value than the other, use the forecast from that model
and subtract it from the all-rock-material forecast to
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determine the forecast for the other commodity. Note
whether or not supplies of the commodities are large
enough so that the past relationships will be able to con-
tinue. If supplies for one commodity are tighter than for
the other, its prices probably will rise with no increased
output. Prices probably will also rise for the other com-
modity, but its output will rise as well.

SUMMARY AND CONCLUSIONS

This paper reviews forecast modeling techniques
and discusses in detail the two methods of building fore-
cast models presented by Gray and others (1978) and
Friedman and others (1979). For most forecasting, the
two methods, least squares and econometric/multiple
regression, are most useful to the local planner.

For general modeling techniques, modeling should
start at the State level and proceed down to the substate
area and ultimately to the local area. The demand of a
local area cannot grow larger than that of the substate
area, and the substate demand cannot grow larger than
the State’s demand. Modeling should proceed from all-
rock material down to each of the commodities. The de-
mand for one commodity cannot grow larger than the
total rock material demand.

The economic activities of man create demand for
all rock material, but it is the adequacy of supply for the
two commodities that determines their price and output.
By comparing the least-squares technique to the econo-
metric technique, we conclude that the Portland area
will have a 17- to 20-million-ton demand for all rock
material by 1990 and Oregon 71 to 86 million tons. By
the year 2030, Portland’s demand will have grown to
between 35 and 116 million tons and Oregon’s to be-
tween 150 and 457 million tons.

The adequacy of supply must also be viewed from
the standpoint of the one-time-only, nonrecurring de-
mand such as that created by a major dam project. This
type of demand shows up as peaks in the time trend
graphs for the State as a whole and is part of the de-
mand forecast for the State. It is impossible, however,
to predict when and where such a demand surge will oc-
cur again. If the possibility exists that this type of proj-
ect may occur within a planning area, then supplies
must be large enough to meet the extra demand.

To properly address the problem of supplying ade-
quate rock material resources, demand models and
resource assessments are both needed. Knowledge of the
constraints defined by the resource assessments and of
the nature and the current status of the industry allow
proper selection and realistic interpretation of the de-
mand models.
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meeti

Each month, space permitting, upcoming meetings will
be announced in this column. Information should reach
this office no later than six weeks before a meeting.
Please be specific and give full name of the organiza-
tion; exact subject, location, and time of the meeting;
and the name, address, and phone number of person to
contact for questions or reservations.

GSOC luncheon programs announced

The Geological Society of the Oregon Country an-
nounces the following luncheon program schedule. All
luncheon programs will take place at noon, in Room A
(adjacent to the cafeteria) of the Standard Plaza
Building, 1100 SW Sixth Avenue, Portland.

January 18 Speaker: John Haffnagle, The Nature

Conservancy

Oregon’s Nature Conservancy

program

Speaker: Jim Doane, Bureau of Hydro-

electric Power, City of Portland

Hydroelectric power installation

at Bull Run Dams

February 15 Speaker: Vernon Newton, Oregon De-
partment of Geology and Miner-
al Industries

Subject:
February 1

Subject:

Subject: Oil and gas activity in Oregon
March 7 Speaker: Tom McAllister, Outdoors Edi-
tor, The Oregon Journal
Subject: Inland passage, north Alaska
March 14  Speaker: Donald Godard, Oregon De-

partment of Energy

Subject: Nuclear energy: The Three Mile
Island accident and the storage
of spent fuel rods

For further information, contact the luncheon
program chairperson, Viola L. Oberson, phone
282-3685. O

DOGAMI staff moves back
to remodeled quarters

The remodeling of the ninth and tenth floors of the
State Office Building in Portland has been completed,
and the State Geologist, Deputy State Geologist, profes-
sional staff, cartographers, and editor have moved back
to Room 1069. The library and business office are on
the ninth floor. Check the directory in the lobby for cor-
rect room numbers. [J
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Ing announcements

Regional metals and minerals
conference to meet in May

The Pacific Northwest Metals and Minerals Con-
ference will be held May 7-9, 1980, at the Olympic Hotel
in Seattle, Washington.

Joint hosts for the conference are the North Pacific
Section of the American Institute of Mining, Metallur-
gical, and Petroleum Engineers and the Puget Sound
Chapter of the American Society for Metals.

Theme of the conference will be: “Materials Prob-
lems of the 80’s.” The program will include technical
sessions on such subjects as metallurgy, geology, and
mining; industrial exhibitions by sixteen exhibitors;
mini-courses on items such as business economics, com-
puters, and statistical analysis; and a ladies’ program,
including tours and luncheons.

Conference chairman is Roger V. Carter, Chief of
Metals Technology, Boeing. Further information will be
forthcoming in the society publications. [J

(C) Punch=ROTHCO

“. .. but you can call me Rex.”
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ABSTRACTS

The Department maintains a collection of theses and
dissertations on Oregon geology. From time to time we
will print abstracts of new acquisitions that we feel are
of general interest to our readers.

Stratigraphy, structure, and petrology of Columbia
River Basalt in a portion of the Grande Ronde River—
Blue Mountains area of Oregon and Washington, by
Martin Edward Ross (Ph.D. in Geology, University of
Idaho, 1978)

Grande Ronde, Wanapum, and Saddle Mountains
Basalts are exposed in the canyons of the Grande Ronde
River and its tributaries in northeastern Oregon and
southeastern Washington. The detailed stratigraphy of
these Miocene to Pliocene basalts has been established
in a portion of this area using a combination of flow
and interbed mapping and correlations based on
chemical, petrographic, and paleomagnetic properties
of each flow.

The Grande Ronde flows have only a moderate
range of compositions and form a chemical group most
likely derived from a homogeneous magma source.
Chemical compositions of most of the flows were very
similar, but at least six of the flows have relatively
distinct chemistries. I have found that at least eight of
the Grande Ronde flows contain significant amounts of
orthopyroxene and have relatively high mean SiO; con-
tents, indicating they might more accurately be con-
sidered tholeiitic andesites.

All four of the Grande Ronde magneto-strati-
graphic units of Swanson and Wright (1976) are present,
with N, confined mainly to the central, structurally
lowest portion of the study area. This, along with the
thickening of the Troy flow and of the R, magnetic in-
terval in the same area, suggests that deformation began
prior to the end of Grande Ronde volcanism.

Six flows of Wanapum Basalt overlie the Grande
Ronde sequence. Four of these occur as two pairs
(Dodge flows and Kuhn Ridge flows), with each pair
forming a distinct chemical and petrographic unit.
Source dikes for the Dodge flows have been recognized
and mapped within the area.

Five flows of Saddle Mountains Basalt and three
sedimentary interbeds occur above the Wanapum Basalt
sequence. Near-vent andesite ejecta and volcanic breccia
are associated with the Grouse Creek sedimentary in-
terbed in the southwest portion of the study area. This
andesite predates the Wenaha flow and postdates the
Eden flow. A source dike for the Wenaha flow was
recognized and mapped.
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The Wanapum and Saddle Mountains flows and
flow pairs are chemically and petrographically distinct
from one another. Roza and Umatilla are the only two
Wanapum and Saddle Mountains chemical types of
Wright and others (1973) that occur in the study area.
This compositional diversity requires a complex
magmatic history, probably involving more than a
single parent magma.

A detailed investigation of chemical variations
across each of four Wanapum and Saddle Mountains
dikes shows that SiO,, TiO,, and K,O decrease inward
from chilled margins as MgO and perhaps CaO and
total iron increase. P,0Os varies systematically only
within the Wenaha dike, in which it decreases inward
from the chilled dike margin. Several hypotheses have
been considered in my attempt to explain these trends. I
favor a model in which progressive partial melting at the
magma source produced a series of melts increasingly
depleted in silica and incompatible elements.

Petrographic and mineralogic variations across the
dikes were also studied in detail. There is substantial
evidence of fractional crystallization within the dikes
with the following being the most significant: plagio-
clase becomes increasingly more sodic toward the in-
terior of each dike, and orthopyroxene, when present, is
restricted to the chilled margins. These mineralogic
trends are superimposed on the more primary chemical
trends, indicating that fractional crystallization oc-
curred after partial melting, perhaps during magma as-
cent and intrusion.

These magmatic processes operating in the forma-
tion of each dike might also play significant roles in the
evolution of entire groups of flows derived from a com-
mon source. This study of trends within the individual
dikes provides a new approach to the investigation of
Columbia River Basalt magmas.

The presence of broad folds; strike-slip faults
showing a second, lesser dip-slip movement; a mono-
cline; and normal faults indicates the area was subjected
to a nearly north-south compression followed by relaxa-
tion and tensional tectonic forces. This deformation was
superposed on the regional subsidence of the Columbia
Plateau centered about the Pasco Basin. Subsidence and
folding seem to have occurred throughout the period of
Yakima Basalt volcanism. The Blue Mountains anti-
clinal uplift and down-warping of the Grouse Flat
syncline accelerated after Wanapum Basalt volcanism.
This resulted in Saddle Mountains units being thicker
and more confined to the structurally low area toward
which they thicken.

The well-formed meanders of the Grande Ronde

(See Columbia River Basalt, p. 18)
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Mined Land Reclamation hearings scheduled

The Governing Board of the Oregon Department
of Geology and Mineral Industries has approved the
Department’s draft of proposed amendments to the
Mined Land Reclamation Administrative Rules and has
authorized public hearings on it. The proposed rule
changes pertain to larger, open-pit mining sites and
quarries, but not to placer gold mines in active streams
or small-scale recreational mining.

Three public hearings have been or will be con-
ducted around the State by the Department: Portland,
January 8, 1980, 9:00 a.m.-4:30 p.m., at the Oregon
Department of Fish and Wildlife Building. Roseburg,
January 10, 1980, 9:00 a.m.-5:00 p.m., in the Roseburg
City Hall Council Chambers. Baker, January 22, 1980,
1:00 p.m.-5:00 p.m. and 7:00 p.m.-9:30 p.m., at the
School District Building, 2990 Fourth Street.

Copies of the draft proposal are available at the
offices of the Department in Portland, Baker, Albany,
and Grants Pass. Written testimony has been received at
the hearings held already. More will be received at the
last public hearing or may be submitted directly to the
Department, ¢/o Stan Ausmus, 1129 SE Santiam Road,
Albany, OR 97321, by February 1, 1980. Comments
and questions should be directed to the Albany office,
¢/0 Stan Ausmus or Barbara DeClue, phone: 967-2039.

O

(Columbia River Basalt, from p. 17)

River developed originally on a relatively flat plateau
surface. After downcutting of a few hundred feet had
occurred, the meanders were able to more easily enlarge
and migrate within the thick sedimentary interbeds
within the Saddle Mountains sequence prior to signifi-
cant deformation in the area. Entrenchment of the
meanders then occurred during uplift of the Blue Moun-
tains. The absence of more massive and resistant pre-
Tertiary rocks along the course of the river allowed it to
maintain its meanders within the basalts during
entrenchment.
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Geothermal lease regulations:
BLM proposes changes

‘In the interest of expediting the leasing and
development of lands with potential geothermal
resources, the Bureau of Land Management has pro-
posed two amendments to the Code of Federal Regula-
tions on noncompetitive geothermal leases.

The first change affects existing leasing units which
have become available again because they are on lands
on which leases have been canceled or relinquished,
lands on which leases expired at the end of their primary
or extended terms, or lands on which leases have been
terminated for nonpayment of rent. Such leases would
no longer fall under the requirement for competitive
leasing when two or more applications are filed for the
same leasing unit. Instead, a public drawing would
establish an order of priority among the applications,
and leases would be issued on the basis of it.

The second change affects lands designated as
Known Geothermal Resource Areas (for competitive
bidding), which were so designated solely because of
overlapping noncompetitive applications. If, as has
been the case too frequently, the competitive leasing at-
tracts no bids, the lands could be reclassified for non-
competitive leasing. With regard to the procedure to be
used in awarding the leases, the Department of Energy
advocates priority of filing date, and BLM favors a
drawing among the applications of the same filing
period. '

The proposals have been published in the Federal
Register, v. 44, no. 228 (Nov. 1979), p. 67598-99. Writ-
ten comments are due by January 25, 1980. Address:
Director (650), Bureau of Land Management, Depart-
ment of the Interior, 1800 C Street NW, Washington,
D.C. 20240. O

We’'re late

Your copy of the January issue of Oregon Geology
reached you later than usual this month because we
moved back to our remodeled offices during December,
making it impossible to meet our usual publication
schedule. We apologize. [J
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Siskiyou Divide on the California-Oregon
border; looking east from Jackson Gap. Field trip
guide beginning on next page discusses the geology
of this metamorphic terrane.
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SMAC reports on year’s activities

The purposes of the State Map Advisory Commit-
tee (SMAC) are to (1) recognize and pursue mapping
goals for the State of Oregon; (2) promote coordination
of programs, policies, and resources of the various
agencies that make maps; and (3) bring the benefits of
mapping more effectively to the people of Oregon.
Through coordinated planning, SMAC also works to (1)
effectively utilize all mapping resources, (2) improve
mapping services to the State, and (3) minimize un-
necessary duplication of effort.

Because of the inadequate topographic map cover-
age for the State of Oregon, SMAC during 1979 placed
top priority on completion of the 7)2-minute topo-
graphic map base. Plan development and communica-
tions involved SMAC, the U.S. Geological Survey, the
Office of the Governor, and the Congressional Delega-
tion. An eight-year plan for completion of the State’s
7%:-minute topographic map base has been developed.

At SMAC’s meeting held December 14, 1979, in
Salem, State agencies identified topographic mapping
priorities in groups and quantities consistent with the
eight-year plan, the logistic requirements of regional
mapping, and the priorities of Federal agencies. These
priorities are overlain with Federal input in developing
mapping strategies for the State.

Other major SMAC activities during 1979 included
(1) presentation of mapping functions and services of
the U.S. Geological Survey; (2) participation in the pilot
computerized map index project for the NCIC of the
U.S. Geological Survey; (3) brief examination of SLAR
imagery with emphasis on its application and limita-
tions; (4) progress toward the completion of a brochure
of map products available to the public from the many
agencies in the State; (5) participation in a peripheral
manner in the ongoing evaluation of the possible bene-
fits of computer hardware and software as they relate to
the map needs of Oregon (primary responsibility for this
function resides in the Executive Department); and (6)
representation of the State of Oregon on a regional and
national basis for the development of a topographic
map program for Oregon. [J
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Geologic field trip guide through the north-central Klamath Mountains

by M.A. Kays, Geology Department, University of Oregon, Eugene 97403; and
M.L. Ferns, Oregon Department of Geology and Mineral Industries, Baker Field Office, Baker 97814

INTRODUCTION

This field trip guide summarizes geologic relations
in the north-central Klamath Mountains of northern
California and adjacent Oregon (Figure 1). The geology
of the area is notable for the great diversity in metamor-
phic and plutonic rock types and for the structural com-
plexities of the various lithologic units. In preparing the
field trip guide, we have drawn from the geology de-
scribed in several publications by Hotz (1967; 1971a, b;
1979) and in a number of unpublished doctoral disserta-
tions (Pratt, 1964; Medaris, 1966; Barrows, 1969) and
masters’ theses (Engelhardt, 1966; Heinrich, 1966;
Donato, 1975; Ferns, 1979). The field trip guide also in-
cludes results of unpublished mapping and field studies
by the University of Oregon Geology Summer Field
Camp in the southern parts of the Talent and Ashland
quadrangles in Oregon.

Two important and obvious geologic features
observed in traversing the area of this field trip guide are
(1) progressively metamorphosed western Paleozoic and
Triassic belt rocks which range in grade from green-
schist to amphibolite facies, and (2) greenschist-facies
Condrey Mountain Schist which also contains glauco-
phane-crossite and stilpnomelane. The progressively
metamorphosed sequence, with grade increasing struc-
turally downward, is sharply juxtaposed with and sepa-
rated from the underlying glaucophanitic greenschist-
facies rocks. The rocks of the western Paleozoic and
Triassic belt and the Condrey Mountain Schist have
overlapping radiometric ages.

This field trip guide was prepared for the 76th An-
nual Meeting of the Cordilleran Section of the Geologi-
cal Society of America, which will be held in March,
1980, in Corvallis, Oregon.

SALIENT FEATURES OF THE REGIONAL
GEOLOGIC SETTING

Rock units and their ages

In the northern and approximately central parts of
the area of this field trip guide (Figure 1), rocks of the
western Paleozoic and Triassic belt are sharply juxta-
posed with the Condrey Mountain Schist along a folded
thrust fault. Evidence obtained from mapping along the
Klamath River at the contact of the Paleozoic and
Triassic belt with the western Jurassic belt Galice For-
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mation suggests that Galice rocks served as the protolith
for the Condrey Mountain Schist (Klein, 1977). How-
ever, this interpretation is presently incompatible with
the presumed age of the Galice Formation and the meta-
morphic ages obtained for the Condrey Mountain Schist
(Lanphere and others, 1968; Suppe and Armstrong,
1972).

Granitoid rocks of dominantly Late Jurassic age
abundantly intrude the western Paleozoic and Triassic
belt rocks but are rather scarce in the Condrey Moun-
tain Schist. Hotz (1971a) reports potassium-argon
mineral ages ranging from 146 to 160 m.y. obtained
from biotite and hornblende separates from the plutons
of the field trip guide area. The plutonic rocks range in
composition from diorite through quartz monzonite,
but quartz diorite is most plentiful.

Serpentinized peridotite occurs in sheet-like bodies
tectonically interleaved and folded together mostly with
amphibolite-facies metamorphosed western Paleozoic
and Triassic belt rocks. Pyroxenite and gabbro occur
usually as smaller bodies within or closely associated
with serpentinized peridotite. However, it is not clear in
all cases how the gabbro and pyroxenite are related. In
some places, both are metamorphosed and have mineral
assemblages consistent with those of their host
peridotite.

Metamorphism

The grade of metamorphism in the Paleozoic and
Triassic belt rocks generally increases toward the con-
tact with the underlying Condrey Mountain Schist. For
example, in traversing westward from Interstate 5 on
California State Highway 96 along the Klamath River,
the grade of metamorphism in Paleozoic and Triassic
belt rocks changes from feebly metamorphosed green-
schist-facies metabasalt with relict volcanic textures to
thoroughly recrystallized, medium-grade amphibolite-
facies schists and gneisses. The metamorphic grade in-
creases toward the contact with the underlying Condrey
Mountain Schist, and upon crossing that boundary
there is a sharp reversal in grade to glaucophanitic
greenschist facies. As Donato and others point out in an
article to be printed later this year in Oregon Geology,
the presumption is that glaucophane and crossite (+
stilpnomelane) are distributed more abundantly in the
structurally lower levels of the Condrey Mountain
Schist. The mineral assemblage suggests a higher
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pressure, lower temperature metamorphism for these
schists. The overlap in metamorphic ages of the western
Paleozoic and Triassic belt schists and gneisses and the
Condrey Mountain Schist (Lanphere and others, 1968;
Suppe and Armstrong, 1972; Kays and others, 1977)
and the distribution of metamorphic facies in these ter-
ranes suggest that structural juxtaposition was accom-
panied by recrystallization in both terranes.

Structure

Detailed mapping by Hotz (1967), Ferns (1979),
and Kays (unpublished) indicates that western Paleozoic
and Triassic belt rocks are cut by thrust faults. The
thrust planes are marked in the most obvious cases by
the occurrence of ultramafic rocks. The thrust faults ap-
pear to represent zones of movement associated with

—:_—d

emplacement of nappes or sheets of Paleozoic and Tri-
assic rocks. An early and apparently primary foliation
in the nappes is axial planar to large recumbent folds
that are roughly concordant with the thrust planes.
Detailed mapping in the Wrangle Gap-Red Mountain
area (Ferns, 1979, and unpublished) and adjoining areas
indicates that the thrust faults, the recumbent folds of
nappes, and the metamorphosed assemblages in the
western Paleozoic and Triassic belt rocks and Condrey
Mountain Schist were all subsequently folded (Figures
2, 3, and 4).

In some places within the area covered by this field
trip guide, especially to the east of the Condrey Moun-
tain Schist, the western Paleozoic and Triassic belt rocks
and serpentinized peridotites form a mélange. Mapping
indicates that the mélange was subsequently folded,
thus forming an unusual assemblage of broken, but

Figure 1. Geologic map and index to mapping in the north-central Klamath Mountains.
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Figure 2. Folded nature of metamorphic isograds in the Wrangle Gap-Red Mountain ultramafic body (after

Ferns, 1979).

coherently folded, and metamorphosed rocks. Since the
same folds affect both the mélange and the parts that
are not fragmented, the mélange must be related to early
deformation that was apparently associated with nappe
emplacement,

A regional compilation map (centerfold) of the
northern part of the area of the field trip guide shows
that the higher grade metamorphosed western Paleozoic
and Triassic belt rocks and associated serpentinized
ultramafic rocks end abruptly just to the north of the
Oregon-California line. We interpret the boundary be-
tween higher grade and more feebly metamorphosed
rocks as marking the northern termination of the
napped sequence of Paleozoic and Triassic rocks. The
boundary was affected at a later time by normal
faulting.

We therefore interpret the axial planar foliation
(S.. in Figure 3), roughly coincident with the thrust
planes that floor the nappes, as having evolved during
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or as a consequence of thrust movement. The dominant
north-south-trending folds that affect all the pre-
Tertiary rock units evolved through later east-west com-
pression and crustal shortening that have in some places
nearly obliterated the evidence for the early thrust
movement. We term the axial planes of the later folds
“S,.” (Figure 3). Thus, the early recumbent folds were
subsequently folded about axes that now trend approxi-
mately north-south. The last folding also affected the
Condrey Mountain Schist. Donato and others will ad-
dress the problem of the structure of these rocks in their
upcoming Oregon Geology article. Relations between
axial planes of folds, axial planar foliations, and later
deformation are summarized in the sketches of Figure 3.

ROCK UNITS AND THEIR METAMORPHISM

The rock units briefly described in the following
summary are presented in observed structural sequence
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Axial Planar Sew
of Folded "Sheets"
and Nappes

Folding of Sgy Sns
Folding of Nappes and
Thrust Planes

Figure 3. Presumed sequence of folding in western
Paleozoic and Triassic belt rocks in the Wrangle Gap-
Red Mountain area.

from lowest to highest. The stratigraphic relations be-
tween these rock units are poorly understood. Some of
the correlations between metamorphosed units are ten-
tative, but, it is hoped, “reasonable guesses.” For more
details than can be provided here, the reader is referred
to the excellent summary by Hotz (1979) on the regional
character of metamorphism in the north-central
Klamath Mountains.

Condrey Mountain Schist

Since Donato and others will discuss the character-
istics of these rocks at some length in their upcoming ar-
ticle, we restrict the following discussion to a brief sum-
mation of the salient features of the Condrey Mountain
Schist. These rocks are thoroughly recrystallized schists
of two main kinds (Hotz, 1979): (1) black to dark-grey
graphitic quartz-mica schists, and (2) green actinolite-
chlorite schists with glaucophane and stilpnomelane as
important additional minerals that occur abundantly in
certain zones within this rock unit. The very well-
developed metamorphic fabric is the result of at least
two episodes of folding and recrystallization. Hotz
reports two main assemblages in the quartz-mica
“blackschists”: (la) quartz-muscovite-albite-chlorite-
graphite, and (1b) quartz-albite-muscovite-epidote-
chlorite. There are three important assemblages in the
actinolite-chlorite “greenschists”: (2a) quartz-albite-
actinolite-chlorite-epidote, (2b) albite-actinolite-
chlorite-epidote-quartz-muscovite, and (2c) glauco-
phane-epidote-quartz-albite-chlorite-sphene.

Barrows (1969) has mapped interlayered “green-
schist” and “blackschist” units exposed along the lower
reaches of the Scott River near its confluence with the
Klamath River. Hotz (1971b) correlates these units with
the Condrey Mountain Schist. Both units have con-
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formable quartz veins that are locally auriferous; quartz
veins are especially abundant in graphitic micaceous
schists. Barrows shows that the interlayered sequence of
rocks grades upward into epidote-amphibolite-facies
schists and gneisses along the Scott River between
McGuffy Creek and Townsend Gulch. Barrows also in-
dicates that the albite-epidote-blue-green-hornblende-
bearing schists may grade upward to regionally meta-
morphosed amphibolite-facies plagioclose-hornblende
+ garnet + clinopyroxene schists and gneisses between
Tompkins Creek and George Allen Gulch along the
Scott River.

Amphibolite-facies Paleozoic and Triassic rocks

Rocks of this grade are widespread in a zone sur-
rounding the Condrey Mountain Schist, as shown by
Hotz (1979, Fig. 1, p. 3; 1971b, Plate 1). In the Condrey
Mountain, Talent, Ruch, and Seiad Valley 15-minute
quadrangles, amphibolites occur as foliated horn-
blende-plagioclase (Anzs-;s)-sphene-(opaques) gneisses
that are clinopyroxene bearing in places. Massive or un-
foliated amphibolites also occur and consist of plagio-
clase (An;s-3s)-sphene-apatite-opaques. Metasedimen-
tary rocks are interlayered and folded together with the
amphibolites. The metasedimentary rocks are phyllites
or schists and consist of quartz-biotite-sodic plagioclase
+ muscovite + garnet + chlorite (after biotite). Graphitic
quartz-rich schists are rather widespread and also con-
tain minor biotite, tremolite, and, in some places,
pyrite. Tourmaline-bearing quartzites are important
members of the metasedimentary sequence.

In the Wrangle Gap-Red Mountain area, the meta-
basalts have amphibolite-facies mineral assemblages
and show the same general patterns of metamorphic
zonation as do the adjacent ultramafic rocks. Unfortu-
nately, there are no clearly diagnostic mineral assem-
blages in the mafic rocks. However, some estimate of
temperature-pressure conditions can be made from
coexisting mineral phases in the metasedimentary rocks.
The assemblages are (1) calcite-diopside-quartz in the
marbles, (2) clinozoisite-quartz-hornblende-plagioclase-
opaques in the graphitic cherts, and (3) garnet-biotite-
potassium feldspar-muscovite-sillimanite in the
micaceous quartzites. A rough petrogenetic grid based
on experimentally determined reaction equilibria (ap-
proximately the same as those observed) is considered in
a later section along with other equilibria recognized in
the ultramafic rocks. The grid serves to bracket condi-
tions of peak metamorphism in the amphibolite-facies
rocks.

Greenschist-facies Paleozoic and Triassic rocks

Predominantly basic and spilitic metavolcanic
rocks occur interlayered with siliceous metasedimentary
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rocks at higher structural levels in the area covered by
this field trip guide. These rocks apparently grade
downward into higher grade amphibolite-facies rocks,
as previously described. However, there are complexi-
ties caused by the thrust faults and “Schuppen-like” or
mélange sequence, and the interpretation assumes that a
uniform thermal gradient existed through these dis-
turbed zones of rocks.

The least metamorphosed rocks have relict volcanic
textures and structures including pillows, rubbly
scoriaceous zones, muddy inter-pillow material, and
“vesicularity” developed through weathering of
amygdaloidal calcite fillings within pillows. Usually the
thin, glassy pillow selvages show a higher degree of
recrystallization. As Hotz (1979) indicates, these low-
grade rocks have no apparent metamorphic fabrics but
do contain albite, chlorite, veinlets of carbonate, and
local prehnite. Well-formed relict phenocrysts of clino-
pyroxenes occur in some places. More completely
recrystallized metavolcanic rocks also contain actino-
lite, biotite, clinozoisite-epidote, and sphene, in addi-
tion to those minerals already mentioned. These meta-
volcanic rocks are frequently referred to as greenstone.

The metasedimentary rocks interlayered with the
low-grade metavolcanic rocks are dark-gray to black
argillite, recrystallized chert, and rare lenticular beds of
marble. At lowest grade, assemblages in argillaceous
rocks consist of quartz-muscovite-organic matter with
chlorite and local albite and actinolite; at higher grade,
biotite replaces chlorite (Hotz, 1979). Calcite is locally
abundant in the slaty or argillaceous rocks.

Metamorphosed ultramafic rocks

In the area covered by this field trip guide, ultra-
mafic rocks are mostly serpentinized and occur as con-
formable, folded sheets, their mineralogy consistent
with that of the surrounding metamorphosed rocks.
Evans (1977) has shown that the mineralogy of such
peridotites as these may be diagnostic of metamorphic
grade for rock compositions in the system CaO-MgO-
SiO; and cldsely approaching initial compositions in the
CaMgSi,0¢ (diopside)-Mg,SiO, (forsterite)-Mg2Si2Os
(enstatite) triangle (Figure 4). Frequently, too, the ultra-
mafic rocks are tectonically interleaved or folded
together with amphibolite-facies rocks, and there is a
tendency for the surrounding rocks to become higher
grade with proximity to the ultramafic sheets.

The general consistency between mineral assem-
blages and structures of the ultramafic rocks is well il-
lustrated in the Wrangle Gap-Red Mountain area. Here,
Ferns (1979) has shown that several equilibria among
minerals of the ultramafic rocks define (1) a talc zone in
which olivine and tremolite may also be present, (2) a
zone characterized by anthophyllite and tremolite whose
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formation may be dependent on instability of the assem-
blage talc + olivine, and (3) an enstatite zone in which
enstatite interrupts anthophyllite-olivine stability
(Figures 2 and 4). Antigorite or some other variety of
serpentine mineral and diopside are also commonly
present. The equilibria defining temperature-pressure
conditions for the Wrangle Gap-Red Mountain ultra-
mafic body are summarized below and in Figure 4:

Antigorite = 18 forsterite +4 talc + 27 H,O (1)
9 talc + 4 forsterite = 5 anthophyllite + H,O (2)
Talc+ forsterite = 5 enstatite + H,O (3)
Anthophyllite + forsterite =9 enstatite + H,O 4)
5 chrysotile = 6 forsterite + talc + 9 H,O 5)
2 diopside + talc = tremolite (6)

Tremolite + forsterite = 2 diopside + 5 enstatite  (7)
+H.0

Clinochlore = forsterite + spinel + 2 enstatite+  (8)
4 H,0

Since there are presently no compositional data on
mineral phases at Wrangle Gap-Red Mountain, temper-
ature-pressure estimates are based on pure mineral
phase equilibria. We also assume Py,0= P, and that
Pco, was low or insignificant, which seems a reasonable
assumption in that carbonate phases are absent in the
serpentinized peridotite. Note then that the occurrence
of chlorite and tremolite in all three zones indicates that
recrystallization conditions must lie within the tremolite
+olivine stability field. This field is bounded by the
reaction curves for equilibria (6) and (7) and is roughly
correlative with amphibolite-facies metamorphism. The
olivine + anthophyllite assemblage places further restric-
tions on the temperature-pressure conditions at Wrangle
Gap-Red Mountain. Experimentally determined curves
for (2) and (4) will bracket these conditions if
P H30= an-

The serpentinized peridotite has certain characteris-
tics which suggest a serpentinite protolith was subse-
quently metamorphosed. Thus, mapped isograds in
peridotite reflect regional changes in temperature-
pressure conditions during metamorphism. Since space
does not permit a detailed presentation of all evidence
for prograde recrystallization of a serpentinite proto-
lith, the important characteristics are summarized below
(after Ferns, 1979):

(1) There is a consistent, zonal pattern in the way
in which enstatite, talc, and anthophyllite are distrib-
uted in the peridotite (Figure 2).
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(2) Large, elongate anthophyllite crystals occur in
radiating clusters, a texture consistent with metamor-
phic recrystallization of serpentinized peridotite (Moore
and Qvale, 1977).

(3) The harzburgites are uniformly low in CaO and
Al;Os, characteristics which Evans (1977) suggests
reflect serpentinized parents.

(4) The calc-silicate zones which have developed
along the borders of tectonic gneiss blocks within the
ultramafic body have mineral assemblages which indi-
cate amphibolite-facies metamorphism (reaction 11,
Figure 5). These rocks are apparently metamorphosed
rodingites which form initially only under low tempera-
tures of serpentinization (Coleman, 1967).

(5) Both olivine and enstatite are generally free of
opaque inclusions. Recrystallization temperatures and
pressures for the Wrangle Gap-Red Mountain prograde
metamorphism can be estimated from the combined
petrogenetic grids for assemblages recognized in the
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Figure 4. Metamorphic equilibria defining condi-
tions of peak metamorphism in the ultramafic rocks.
Ultramafic mineral assemblages in the system CaO-
MgO-SiO,. Abbreviations used are as follows: Clino-
chlore (C), antigorite (A), brucite (B), talc (T), forsterite
(F), diopside (D), tremolite (Tr), enstatite (E), chlorite
(Cte), and spinel (Sp).
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ultramafic and associated metasedimentary rocks and
metarodingites (Figure S). Bracketing by equilibrium in
the ultramafic and associated metamorphosed rocks
gives the range 570 to 720°C and 2.8 to 5.2 kb.

PLUTONIC ROCK UNITS

Hotz (1971a) has studied and described the petro-
graphic features and chemical compositions of plutons
in the Klamath Mountains and reported their ages. We
therefore provide only a brief summary of the major
varieties of plutonic rock types and some of their out-
standing features. For more information than can be in-
cluded here, the reader is referred to the article by Hotz.

Gabbro-pyroxenite

Small bodies of calcium-rich ultramafic rocks in
the compositional range clinopyroxenite-wehrlite-
pyroxene gabbro are generally associated with larger
bodies of serpentinized peridotite. Only a few bodies
have an areal distribution of more than 1 km2. Where
they occur in peridotite, the bodies frequently have tec-
tonized, sheared boundaries. The bodies may be strong-
ly banded with alternating layers of clinopyroxene or
tremolite and partially serpentinized olivine-rich layers.

The gabbro bodies may be clinopyroxene bearing,
but the pyroxenes are sometimes altered to hornblende.
The contact relations of the gabbro bodies are in many
places obscured by later deformation, but contacts ap-
pear to be intrusive into peridotite. Metamorphic
fabrics are quite variable and range from well-developed
gneissic fabrics to directional fabrics with only weak,
mafic mineral preferred orientation.

Late Jurassic plutons

Granitoid plutonic rocks are plentiful as small
stocks less than a mile in diameter but also occur with
outcrop area of 150 km?2 or more, as in the case of the
Ashland pluton. The larger plutons tend to be elongate
with their long axes parallel to the north-south arcuate
trend of the Klamath Mountains province. The plutons
range in composition from diorite and gabbro to quartz
monzonite, with quartz diorite (tonalite) being most
widespread.

Donato (1975) has shown that a 75-km? portion of
the Ashland pluton consists of all the above-mentioned
rock types. The pluton has a strongly foliated western
margin consisting, from west to east, of hornblende
tonalite, hornblende granodiorite, and hornblende
quartz monzonite. Further eastward, there is granular,
unfoliated biotite granodiorite and biotite quartz mon-
zonite. Large xenolithic blocks of hornblende diorite
occur throughout the biotite-bearing quartz monzonite-
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Figure 5. Metamorphic equilibria defining conditions of peak metamorphism in Paleozoic and Triassic belt
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granodiorite but are restricted to smaller disk-shaped
schlieren in the more mafic, hornblende-bearing rock
types of the western margin.

CONCLUSION

The increase in grade of metamorphism in the
western Paleozoic and Triassic belt rocks toward struc-
turally lower levels of the plate and the association there
with abundant, tectonically interleaved sheets of ultra-
mafic rocks are probably not fortuitous. We interpret
the increase in grade and the association of rock types to
be a normal “view” downward through deformed
oceanic floor, culminating in a disrupted ophiolitic se-
quence. The increase in grade of metamorphism with
proximity to the ultramafic rocks may reflect the
oceanic geotherm near to the oceanic ridge in the
western Paleozoic and Triassic belt crustal sequence.

Subduction of the western Jurassic belt rocks or
thrusting of the western Paleozoic and Triassic belt
rocks may have initiated in response to collapse of a
Jurassic back-arc basin. The basin fronted the continen-
tal crustal section to the southeast and rested on an
oceanic floor of western Paleozoic and Triassic belt
rocks continuing below the continental margin. Early
deformation-folding of the lower part of the oceanic
sequence with disrupted-interleaved ultramafic rocks
may have developed before decay of the oversteepened
oceanic geotherm. Late folding of the juxtaposed
sequence of western Paleozoic and Triassic belt rocks
and the underlying Condrey Mountain Schist may have
developed in response to Late Jurassic Pacific-North
American Plate convergence.
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ROAD LOG

(See Figure 1 for route and stops as indicated
below.)

Km Mi

0.0 0.0 Begin mileage, intersection of Interstate 5
and California Highway 96, which follows
the Klamath River. On this part of the
field trip we will observe an increase in
metamorphic grade in Paleozoic and
Triassic belt rocks. We begin here in
feebly metamorphosed metavolcanic
rocks with relict textures and poorly
developed or nonexistent metamorphic
fabrics. Apparently, the rocks are oceanic
and include pillowed lavas, flow breccias,
and interlayered cherts, cherty argillites,
etc. We will proceed through low-grade
greenschist-facies rocks, presumably
rather high in the pile, through to amphib-
olite-facies schists and gneisses with good
metamorphic fabrics toward the base of
the sequence of Paleozoic and Triassic belt
rocks. At the base, the amphibolite-facies
schists and gneisses are in thrust contact
with the underlying Condrey Mountain
Schist.

3.5 2.2 Old highway to Yreka.

6.6 4.1 Ash Creek bridge.

10.4 6.5 Turnoff to Tree of Heaven Campground.

12.0 7.5 Stop 1. The Paleozoic and Triassic belt
pillowed lava sequence begins here and
continues for a short distance. The pillows
are well formed and may have relict
“pseudo-vesicles” owing to weathering of
amygdaloidal fillings. Other relict features
include well-formed augite phenocrysts.

14.1 8.8 Lime Gulch.

20.0 12.5 Empire Creek.

22.7 14.2 Stop 2. Beginning of roadcut with non-
foliated, low-grade amphibolite-facies
rocks, with relict porphyritic texture local-
ly (Hotz, 1967). The amphibolites are tec-
tonically interleaved with the surrounding
ultramafic rocks.

27.8 17.4 Beaver Creek road; turn right.

29.0 18.1 Smith Mine road.

29.4 18.4 Outcrop, folded fine-grained biotite
schist.

32.2 20.1 Outcrop, biotite schist and amphibolite
gneiss, apparently interlayered. The schist
is fine grained and has a good cleavage.
The amphibolite is fine to medium grained
and is composed of plagioclase and horn-
blende. The hornblende has a good pre-
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35.4

36.5

38.2

0.0

1.4
3.4

4.3
6.7
7.4

9.3

13.1

13.6

Mi
20.8
22.1

22.8

23.9

25.1

0.0

0.9
2.1

2.7
4.2
4.6

5.8

8.2

8.5

ferred elongation.
Outcrop of amphibolite;
road.
Turnoff to Beaver Creek Campground.
Stay on Beaver Creek road.
Stop 3. Good outcrop of locally garnetif-
erous, medium-grained quartz-biotite
schist. Note intersection of Beaver Creek
road with U.S. Forest Service (USFS) road
to Wards Fork Gap and Deer Creek
Camp. We will turn here and proceed
along the Wards Fork road, ultimately to
the contact of the Paleozoic-Triassic belt
rocks with the Condrey Mountain Schist.
Stop 4. Good outcrop to view Paleozoic-
Triassic belt amphibolite gneiss and biotite
schist and their apparent interlayered
nature.
Road intersection with USFS Road
47N40. Turn left (west). The contact be-
tween the Condrey Mountain Schist and
Paleozoic-Triassic amphibolites and bio-
tite schists (Stop 5) is on Road 47N40 half
a mile from the intersection. Road 47N40
circles around the head of the gulch that is
visible from the road intersection, and the
contact is just on the other side of the
gulch.

Return to Highway 96 and start new
mileage.
Intersection of Beaver Creek road and
California Highway 96; turn right.
Klamath River Lodge on the right.
Exposures of ultramafic rocks on the
right.
Klamath River Community Hall; golf
course across the river.
Walker Bridge.
Road to Deer Camp; turn right. Califor-
nia Highway Maintenance Building is just
on the left at the road intersection.
‘Road to Deer Creek on right. Continue on
main road and observe the occurrence of
recumbent folded, shallow-dipping Con-
drey Mountain Schist composed of
graphitic quartz-mica schist (blackschist)
and interlayers of actinolite-chlorite schist
(greenschist).
Doggett Creek and road intersection.
Continue uphill on USFS Road 46N52 and
stay on this road until mile point 11.3.
Pretty good exposures of Condrey Moun-
tain Schist are just beyond the road inter-
section.
Note the blue-colored road rock com-

leave paved
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0.0
1.4

1.6
5.8

8.6

2.3
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14.5

0.0
0.9

1.0
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54

5.8

6.5

1.7
8.4

posed of crushed Condrey Mountain
greenschist-blueschist.
Road intersection; continue on USFS
Road 46N52.
Road intersection; go right on gravel road.
Condrey Mountain greenschist with black-
schist interlayers is exposed here.
Stop 6. Blueschist quarry. At this locality
(SW Y sec. 31, T.47 N., R. 9 W, west of
Kohl Creek), blueschist and greenschist
are interlayered. Both rock types have
good foliation that is crenulated or
crinkle-folded. Foliation is apparently ax-
ial planar to early folds. Folding can be
observed on the scale of a hand specimen.
Note, too, that in some places there are
two crenulations at nearly right angles.
One crenulation is nearly parallel with ax-
ial planes of early folds, whereas the other
is later and mostly with north-south orien-
tation—the same as folding in the sur-
rounding Paleozoic and Triassic belt
rocks. The layered aspect of the glauco-
phane schists is emphasized by layers of
epidote and white mica. The greenschists
consist of fine-grained actinolite, chlorite,
and muscovite; note that they have good
cleavage nearly parallel with schistosity.
Both rocks have quartz veins largely
parallel with layering. The blueschists
have lenses that are epidote-rich. Return
to Highway 96.

Start new mileage.
Intersection of road to blueschist quarry
and Highway 96; turn right.
Oak Knoll Ranger Station (USFS).
Doggett Creek.
Kohl Creek. There are good exposures of
Condrey Mountain blackschist with abun-
dant quartz veining along this part of the
road.
Stop 7. Good exposures of Paleozoic and
Triassic belt schists and gneisses, appar-
ently interlayered quartz-biotite schists
and amphibolite gneisses, cut by meta-
morphosed mafic dikes.
Outcrop of leucocratic, medium-grained
quartz monzonite intrusive rock, probably
Jurassic in age, which cuts Paleozoic and
Triassic sequence.
Bridge over the Klamath River. Old placer
workings, used now for gravel.
Horse Creek store.
Extensive roadcut in Condrey Mountain
greenschist opposite broad bend in the
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Klamath River.
Continue on Condrey Mountain green-
schist —good exposures.
Blue Heron boat access.
Road intersection and confluence of
Klamath and Scott Rivers.

Begin new mileage.
Scott River road.
Stop 8. Extensive outcrop of Condrey
Mountain Schist. Just opposite the bridge
over the Scott River is rather “massive”
greenschist with structure resembling pil-
low structure but with a fair schistosity.
The rock is fine to medium grained and is
composed of quartz, chlorite, albite, =+
actinolite, +pale pink garnet, and some
scattered grains of bright-green mica
(fuchsite?). Note that rocks locally have
quartz veining conformable with schist-
osity but develop lenticular or “augen-
like” appearance as schistosity improves.
The rock grades along the outcrop to
muscovite-richer schist with dark-brown
to black chlorite and graphite. Note the
recumbent folds with westerly-dipping ax-
ial planar foliation. The greenschist may
also be feldspathic with fine, disseminated
garnets rolled within their foliation
planes; locally the feldspathic-micaceous
greenschist is epidote-rich. The quartz
veins are folded by “first” folds and in
places are ptygmatic. Note, however, that
the “first” folds are crenulated near the
contact of the greenschist and blackschist
(south end of outcrop). Some outstanding
folds are obvious in the greenschist with
amplitudes of 15 to 20 m and wavelengths
possibly about one-third of the amplitude.
In the area where good folds are exposed,
there is an early schistosity nearly at right
angles to the folded foliation planes.
Note, too, the crenulation of foliation
parallel with axial planes of these folds.
Intrusion of quartz-rich granodiorite into
Condrey Mountain Schist. Exposures of
the pluton start in Franklin Gulch. The
foliation of the pluton is parallel to that of
the surrounding feldspathic greenschist.
Confluence of Mill Creek and Scott River
at Scott Bar. Gold mine across Scott River
with gold apparently in quartz veins of in-
terlayered blackschist-greenschist. As we
progress southward along the Scott River
for the next few miles, we pass through an
apparently gradational sequence of green-
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schist facies-amphibolite facies rocks as
mapped by Barrows (1969). The green-
schists are correlated by Hotz (1971) with
the Condrey Mountain Schist. However,
Hotz interprets the amphibolite-facies
rocks as belonging to the Paleozoic and
Triassic belt sequence.

Exposure of quartz-chlorite-feldspar
schist +actinolite. The rock is somewhat
fissile, but the schistosity is not well
developed.

Good chlorite-actinolite schist with feld-
spar. The schist locally develops a gneissic
fabric owing to alignment of actinolite.
The rock is a bit coarser grained than pre-
vious exposures.

George Allen Gulch. We are now well into
the unit with mineralogy of epidote-
amphibolite facies which Barrows (1969)
correlates with Condrey Mountain Schist
of Hotz (1971b). The road is narrow here,
and it is difficult to get to good exposures.
Stop 9. Sugarpine Gulch. Dark-green
gneissic rock, fine- to medium-grained,
with abundant amphibole (hornblende? or
actinolite?) which occurs as elongate,
acicular grains up to several millimeters
long; note that plagioclase is also elongate
and similar in size. There is crenulation of
poorly developed schistosity (cleavage)
and the hornblende-plagioclase lineation.
Compare with earlier exposures of Con-
drey Mountain Schist.

Stop 10. McCarthy Creek. Very definite
change in texture and fabric; the horn-
blende-plagioclase gneiss is coarser
grained and has a strong, gneissic fabric.
Stop 11. Good medium- to coarse-grained
amphibolite gneiss with local, strong seg-
regation of hornblende in lenses and layers
which alternate with plagioclase-rich
layers. Barrows (1969) shows this rock as
correlative with the Condrey Mountain
Schist through progressive increase in
grade of metamorphism. Note, too, that
this amphibolite gneiss is locally garnetif-
erous with fine-grained garnets in the feld-
spathic layers. The layering here is textural
and compositional, from 1 or 2 cm to
15 cm thick.

Gold Flat.

Stop 12. Tompkins Creek. Follow path to
Tompkins Creek to gain access to out-
crops along the Scott River, where there
are excellent exposures of coarse-grained,
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well-foliated, garnetiferous hornblende-
plagioclase gneiss. Hotz (1971b) correlates
this rock with higher grade parts of the
Paleozoic and Triassic belt; Barrows
(1969) shows the rock as correlative with,
but a higher grade part of, the Condrey
Mountain Schist. Note that the foliation
in the gneiss is approximately parallel to
axial planes of nearly recumbent folds.
The foliation is amplified by quartz-
feldspar-rich and hornblende-rich segrega-
tions. Intrusion into the amphibolite
gneiss by the adjacent quartz diorite may
be responsible for the coarse-grained,
granular quartz-feldspar-rich segrega-
tions. The layers with hornblende-garnet
porphyroblasts are also folded, and the
garnets are as large as 1.5 cm in diameter.
Garnet seems to concentrate in the horn-
blende-rich layers and is flattened parallel
with lineation or gneissosity in the plane
of foliation.

Crossing Tompkins Creek. Note that we
are in a coarse-grained gneissic rock of
plutonic origin and quartz-diorite com-
position, with hornblende as the dominant
mafic silicate.

Stop 13. Walk back about 0.2 mi. Here we
have a medium- to coarse-grained black or
dark-green gneiss with hornblende and
plagioclase. The gneissic fabric fades
locally. Note the recumbently folded peg-
matitic plagioclase + hornblende intru-
sive(?) rock. The rock here is apparently
part of a larger plutonic complex with
overall tonalitic composition; this rock is
dioritic or gabbroic.

Middle Creek.

Stop 14. The host rock here is part of the
same intrusive complex as the last stop but
has large, rounded xenoliths of ultramafic
rock. The xenoliths are composed of
coarse-grained hornblende and clino-
pyroxene. The xenoliths occur in clusters
in dioritic gneiss exposures all along the
roadcut. The plutonic complex is appar-
ently Jurassic in age.

Bridge Flat USFS Campground.

Kelsey Creek and bridge over Scott River.
Now we are back into higher grade meta-
morphic parts of the Paleozoic and
Triassic belt rocks of Hotz (1971b).
Kelsey Creek USFS Guard Station.
Spring Flat USFS Campground.

Stop 15. Interlayered medium-grained

Km Mi ) )
micaceous quartzite and biotite schist with

some lenses of marble. The quartzite
shows extreme plastic deformation and
has fine-grained clusters of garnet. Note
folding with foliation approximately
parallel to axial planes of folds.

24.6 15.4 Big bend in the river. Medium- to coarse-
grained plagioclase-hornblende gneiss and
ultramafic rock composed of talc-
antigorite and possibly anthophyllite and
tremolite. The amphibolite is isoclinally
folded.

25.9 16.2 Stop 16. Good roadcut. Note that a leuco-
cratic, medium-grained granodiorite with
gneissic fabric is intrusive into quartz-
feldspar-biotite schist. The plutonic body
has xenoliths of the surrounding biotite-
rich schist. The xenoliths are lenticular
and have a schistosity that is probably
derived from the host Paleozoic and Trias-
sic belt schists. Amphibolite gneiss is dom-
inant at the opposite end of the roadcut,
apparently interlayered with biotitic
schists.

27.2 17.0 Turnoff to Indian Scotty Campground.

34.2 21.4 Paleozoic-Triassic belt amphibolite gneiss.

34.6 21.6 Crossing fault into low-grade Paleozoic
and Triassic belt greenstone-chert associa-
tion.

35.7 22.3 Exposures of low-grade Paleozoic and
Triassic belt metasedimentary and vol-
canic rocks.

End of field trip. Continue on the Scott
River road toward Fort Jones and to the
intersection with California Highway 3.
Turn left (northeast) and proceed through
Fort Jones to Yreka and Interstate 5. [

Claim deadline passes: 29,400 filed with 0S0

About 29,400 mining claims were filed with BLM’s
Oregon State Office before the October 22, 1979, dead-
line, according to Diane Livengood of the Records and
Data Management Branch.

Filing was required for miners who located their
claims on Federal land before October 21, 1976. Claims
located since then must be filed with the BLM within 90
days.

Claims not filed with the BLM are voided by law.

—BLM News Clips (J
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Schlicker enters private practice

Herbert G. Schlicker, Engineering Geologist for
the Oregon Department of Geology and Mineral Indus-
tries since 1955, left the Department on January 1, 1980,
to open his own engineering geology firm, H.G.
Schlicker and Associates, Banfield Plaza, Portland.

During his almost twenty-five years with the
Department, Schlicker provided leadership in many new
ways. Together with Lloyd Staples, University of
Oregon, he was instrumental in bringing about the
registration of geologists in Oregon. Schlicker, who is
currently serving on the State of Oregon Board of
Geologist Examiners, was first Chairman of that board.
He also planned and conducted numerous geology and
engineering geology studies for the Department, in-
cluding the Department’s first rock material resource
assessment, Gravel Resources in Relation to Urban
Development in the Salem Area (1961), and together
with Robert Deacon, its first engineering geology study,
Engineering Geology of the Tualatin Valley Region,
Oregon (1967).

A native of Grangeville, Idaho, and graduate of
Oregon State University, Schlicker came to the Depart-
ment after working as a soils engineer with the Oregon
Highway Department and as a geologist for a Louisiana
oil company.

Since 1955, Schlicker was principal author, investi-
gator, or compiler of 26 published studies and co-author

Herbert G. Schlicker

of four. He also produced more than 100 unpublished
reports and geologic studies for State and local govern-
mental agencies and the U.S. Geological Survey. In ad-
dition, he provided engineering geology information to
individuals, companies, and government bodies. He
served as the Chairman of the Geology Section of the
Oregon Academy of Science, Chairman of the Engi-
neering Geologists of Oregon, and Chairman and Trea-
surer of the Oregon Section of the American Institute of
Professional Geologists. He was a member of the Ad-
visory Committee of the Association of Engineering
Geologists and the Hazards Committee of the American
Institute of Professional Geologists.

Schlicker’s final report for the Department is the
soon-to-be-published Bulletin 99, Geology and Geologic
Hazards of Northwestern Clackamas County, Oregon.

O

Geologists in eastern Oregon
face awesome challenge

During the early Cenozoic, 50 to 15 m.y. ago, rota-
tion of the Coast Range (Simpson and Cox, 1977; Beck
and Burr, 1979) and probable concomitant rotation
across Oregon of the Cascade Range volcanic arc (Ham-
mond, 1979) from the Mesozoic continental margin to
the east left many fault blocks of Mesozoic terranes,
some possibly oil-bearing, in eastern Oregon. Subse-
quent extension during the late Cenozoic, 15 m.y. ago to
the present, has caused recurrent volcanism and burial
of most Mesozoic blocks. The positions of these blocks
are problematical. Deep exploratory drilling through
the volcanic cover could penetrate grabens filled with
interbedded volcanic and volcaniclastic sedimentary
rocks, eruptive centers along fault zones, as well as
detached Mesozoic blocks lacking stratigraphical and
structural continuity. Geologists face an awesome
challenge in restoring the fault blocks, like putting
together a jigsaw puzzle on a treadmill.
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Answers to frequently asked questions about gold mining

DOES GOLD OCCUR IN OREGON?

Lode and placer gold has been mined from many
parts of the State. The southwestern and northeastern
corners of the State have the highest production of both
lode and placer gold. Minor output has come from the
other corners of the State.

WHERE CAN I OBTAIN INFORMATION ABOUT
PAST GOLD MINES AND MINING, INCLUDING
MAPS?

The following can be purchased from the Portland,
Grants Pass, and Baker offices of the Department of
Geology and Mineral Industries:

(1) Mineral and Water Resources of Oregon

(Bulletin 64), 1969 ...................... $2.00
(2) Oregon’s Gold Placers (Misc. Paper 5),

14 D, o e .50
(3) Skin Diving for Gold in Oregon (The Ore

Bin, April 1961), 8 p. ................... .35
(4) Lest We Forget (The Ore Bin, Dec. 1976),

17 D i e e .35
(5) Special Gold Issue (The Ore Bin, April

1973), 16 P. o oot .35

(6) Geology, Mineralization and Mining Field
Guides for the Cascade Range (The Ore Bin,
June 1977, Dec. 1977, May 1978, and June
1978). Priceperissue.............ccouuun.. .35
(7) Recreational Gold Packet (includes items 2,
3, and 4 above, plus an 82 x 11 mineral
localities map and a list of Department
publications) ............. .. . ... 1.00
Allow 1 month for delivery of publications ordered
by mail. Payment must accompany orders less than $20.
All sales are final. Foreign orders must be paid in U.S.
dollars.

The following out-of-print reports can be read at
most libraries, including the Department’s:
(1) Gold and Silver in Oregon (Bulletin 61)
(2) Oregon Mineral Deposits Map and Key (Misc.
Paper 2)

WHAT LANDS ARE OPEN FOR PROSPECTING
AND MINING?

Land ownership for the surface and for mineral
rights can be determined from the local County
Assessor’s maps. Patented mining claims are treated the
same as any other privately owned land. Most U.S.
Forest Service and U.S. Bureau of Land Management
lands, shown on their published maps, are open for
prospecting; however, much of the better lode and
placer ground has already been staked.
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HOW CAN I TELL IF AN AREA HAS BEEN
STAKED?

All unpatented mining claims are recorded in the
local County Courthouse and with the U.S. Bureau of
Land Management, 729 N.E. Oregon Street (P.O. Box
2965), Portland, Oregon 97208 (telephone: 503
231-6283). The BLM records may be easier to work with
than the county’s.

SUPPOSE I FIND SOME GOLD, WHAT THEN?

The gold is yours to keep, give away, or sell. There
is no limit to the amount. The U.S. Government no
longer buys gold. Gold may be sold to individuals,
jewelry manufacturers, or gold buyers. Best prices are
received for good-sized nuggets or visible gold mineral
specimens which have a collectors’ value rather than a
metal value. There is no fixed price for gold, with sales
consummated between a willing buyer and a seller, at an
agreed-upon price. .

DO I NEED PERMISSION TO PROSPECT AND
STAKE A MINING CLAIM ON PUBLIC LANDS?

On public lands that have not been withdrawn from
mineral entry, Federal permission is not needed to pros-
pect or stake a mining claim.

WHAT ARE THE RULES AND REGULATIONS
FOR GOLD MINING?

The Department can supply a copy of the State
Mining Code for 50¢, and the U.S. Bureau of Land
Management has printed “Staking a Mining Claim on
Federal Lands” for free distribution. For sale at most
stationers are two forms which show how to stake either
a lode or a placer claim. Each has a brief synopsis of the
mining law. The forms are Form No. 830 (Notice of
Vein or Lode Locations in Oregon) and Form No. 897
(Notice of Placer Location—Oregon). The forms are
20-30¢ each. If prospecting or mining is to go beyond
the handtools stage, then the U.S. Forest Service and
the U.S. Bureau of Land Management may require a
notice of intent or a plan of operation, and the Oregon
Department of Geology and Mineral Industries may re-
quire a surface mining permit, depending on the size of
the proposed mining development.

Most gold panners and those with small dredges,
however, are not interested in locating a mining claim
and want only to do some recreational placer mining.
No permits are required, and unless the miners unduly
muddy the waters in a stream, there will be no prob-
lems. A report entitled “Recreational Mining Can Be
Compatible with Other Resources,” which gives the best

(See Gold Mining, p. 38)
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Federal geothermal lease sale held in January

The U.S. Bureau of Land Management held a geo-
thermal lease sale in Portland on January 8, 1980. Four
energy companies— Anadarko Production Co., Hunt
Oil Co., International Energy Corp., and Union Oil—
were successful bidders on the parcels located in the
Alvord, Breitenbush, Crump, and Klamath Falls
Known Geothermal Resource Areas (KGRA’s).

Sixty-two parcels were offered by the Federal
government. Forty-nine parcels received no bids, and
seven others were withdrawn.

Leases cover a 10-year period and give successful
bidders a right to develop geothermal resources.
Royalties begin when production is marketed.

Details on the bidding are as follows:

Parcel Acreage Area Company Amount ($) Cost per acre (%)
13 2,280 Alvord Anadarko 236,367.60 103.67
14 2,463 Alvord Anadarko 90,605.33 . 36.78
33 1,029 Breitenbush Union Oil 10,341.45 10.05
39 118 Klamath Falls Intercontinental 917.53 7.78
50 2,371 Crump Hunt Oil 4,833.35 2.04
51 2,344 Crump Hunt Oil 4,828.58 2.06

—Data from USBLM Oregon State Office news release, January 14, 1980 O]

Josephine County mineral
study completed

The Oregon Department of Geology and Mineral
Industries announces the completion of its investigation
of the geology and metallic mineral deposits of Jose-
phine County. Bulletin 100, entitled Geology and
Mineral Resources of Josephine County, Oregon, by
Len Ramp and Norman V. Peterson, presents the
results of the investigation.

Bulletin 100 contains several multicolor geologic
maps at various scales, a mine location map at a scale of
1:125,000 (one inch equals two miles), and a table that
presents data from 470 mines. The accompanying
45-page text discusses the geology and geologic units of
the County and evaluates the mineral-resource potential
of the various units. It also contains pictures and ac-
counts of some of the mineral exploration and mining
that took place in Josephine County in the past.

Bulletin 100 may now be purchased for $9.00 from
the Department’s Portland and Grants Pass offices.
Mailed orders should be addressed to the Oregon
Department of Geology and Mineral Industries, 1069
State Office Building, Portland, Oregon 97201, or 312
S.E. “H” Street, Grants Pass, Oregon 97526. Payment
must accompany orders under $20.00. O

(Gold Mining, from p. 37)

time to work in a stream, can be obtained from the En-
vironmental Management Section of the State of Ore-
gon Department of Fish and Wildlife (506 S.W. Mill
Street, P.O. Box 3503, Portland, Oregon 97208 — tele-
phone: 229-5408).

Care must be taken not to trespass on valid mining
claims or privately owned land. Good outdoor manners
and a concern for the environment are essential.
WHERE CAN I GET MY SAMPLES ASSAYED FOR
GOLD?

The Oregon Department of Geology and Mineral
Industries has a complete assay service at its Portland
headquarters. Samples of black sand concentrates, raw
bank run sand and gravel, or ore specimens should
weigh at least 1 pound for best results, and not over §
pounds. An extra $3.00 fee is charged if the sample is
over 5 pounds. The charge for assaying a sample for
gold and silver is $10.00 for lode samples and $12.00 for
placer samples (payment should accompany the sam-
ples). There is an additional sample preparation charge
of $3.00 if the sample is wet and needs to be dried. If the
sample is 3 inches or larger, a $3.00 fee is charged for
crushing. There is no charge for identifying rocks and
minerals unless special tests are required. Simple tests
for gold are contained in “Oregon’s Gold Placers,” listed
above.

Rocks and minerals also can be identified at the
U.S. Bureau of Mines, 1450 Queen Street, S.W. (P.O.
Box 70), Albany, Oregon 97321. (O
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Reichhold Energy Corporation’s Columbia
County 1, discovery well of the Mist Gas Field. In
1979, Oregon joined the ranks of producing states
with this discovery and four other producers in the
’ field. In late December, this well produced
300,000 cu ft per day through a new pipeline to ex-
isting lines in Clatskanie, approximately 8 mi to
the north.
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GSA geologic field trip guide
released

A guide for geologic field trips in western Oregon
has just been released by the Oregon Department of
Geology and Mineral Industries (DOGAMI). Bulletin
101, entitled Geologic Field Trips in Western Oregon
and Southwestern Washington, was prepared by the
Geology Department of Oregon State University in
cooperation with DOGAMI for the annual meeting of
the Cordilleran Section of the Geological Society of
America to be held in Corvallis, Oregon, in March 1980.

Gathered from 23 contributors, the 232-page
bulletin describes the geology of eight field trips in
selected areas of the Oregon Coast Range, the Klamath
Mountains, the Oregon Cascades, and parts of south-
western Washington. A ninth field trip deals with beach
processes and erosion problems of the Oregon coast.
Each trip guide consists of an introductory discussion, a
bibliography, and a trip itinerary.

Copies of Bulletin 101 are available for purchase at
DOGAMI’s Portland, Baker, and Grants Pass offices;
price is $9.00 per copy. Mailed orders should be ad-
dressed to the Oregon Department of Geology and
Mineral Industries at one of the following addresses:
1069 State Office Building, Portland, OR 97201; 2033
First Street, Baker, OR 97814; or P.O. Box 417, Grants
Pass, OR 97526. Orders under $20.00 must be
prepaid. [
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Mineral industry in Oregon, 1979

by Jerry J. Gray, Economic Geologist, Albany Field Office; Howard C. Brooks, Resident Geologist, Baker Field
Offiice; Norman V. Peterson, District Geologist, and Len Ramp, Resident Geologist, Grants Pass Field Office,

Oregon Department of Geology and Mineral Industries

ABSTRACT

According to U.S. Bureau of Mines figures, the
1979 value of mineral output in Oregon rose 16 percent
over that of 1978. Preliminary estimates indicate that
production value rose $20.4 million, from $128.8
million in 1978 to $149.2 million in 1979. Rock
materials (clay, pqmice, sand and gravel, and stone)
continued to account for the major portion of the 1979
total production value — 64 percent, compared to 67 per-
cent in 1978. The other two principal commodities were
cement and nickel.

Mining exploration and development in Oregon
focused on base metals, gold, silver, nickel, uranium,
limestone, bentonite clay, block soapstone, and
diatomite. The price rise of gold and silver brought in-
creased exploration and mine development activity for
these precious metals. In a number of cases, abandoned
mines that had been productive in the past were rehabili-
tated. Old workings were extended, and new ones
started. A major placer gold mine was brought into pro-
duction in Malheur County.

Exploration for minerals in 1979 led to more
uranium finds in southeastern Oregon. Major explora-
tion efforts began and are continuing for gold, silver,
volcanogenic sulfides, and nickel laterite.

Oregon’s mineral production values for 1978 and
1979 are summarized in Table 1. This table does not in-
clude an additional estimated $600 million from the pro-
duction of aluminum, carbide, nickel, steel, titanium,
and zirconium from metallurgical plants employing ap-
proximately 10,500 people.

METALS

Mining and exploration for base metals, gold,
silver, nickel, and uranium were conducted by major
firms. Between January 1 and December 31, 1979, the
price of gold rose from $223 to $512 per oz and that of
silver from $6 to $28 per oz, overshadowing price rises
in most other metals. Oregon’s output of precious
metals increased with the startup of two large placer
operations, the influx of recreational miners using small
portable dredges, and the installation of gold-saving
equipment at private sand and gravel plants and at the
aggregate source for the U.S. Army Corps of Engineers
Applegate Dam project (point 2, Figures 1* and 2). By
the end of the year, $285,000 worth of gold had been
recovered from the Applegate gravel. Because much of
the gold mined in Oregon comes from small placer
# ATl point numbers refer to locations shown on the

map in Figure 1.

Table 1. Oregon’s mineral production values for 1978 and 1979

1978 1979*
Value Value

Mineral commodity (thousands) Percent (thousands) Percent
Sand and gravel $ 44,510 34 $ 51,000 34
Cement, copper, diatomite, lime, nickel, talc, and tungsten 41,872 32 52,275 35
Stone 39,510 31 41,763 28
Pumice 2,016 2 2,172 1
Gold 66 - 1,155 0.8
Gemstones 600 0.5 500 0.3
Clays 261 0.2 292 0.2
Silver 9 - 17 -

Total $128,844 99.7** $149,174 99,3**
* Preliminary data provided by U.S. Bureau of Mines.

** Percentages do not total 100 because of individual rounding.
OREGON GEOLOGY, VOL. 42, NO. 3, MARCH 1980 43
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1. Albany (Ti, Ni) 10. McDermitt (U) 20. Greenback Mine (Au, Ag)
2. Applegate Dam (Au) 11. Trout Creek (U) 21. Benton Mine (Au)
3. Nickel Mountain-Silver Peak 12. Iron Dyke (Cu, Au) 22. Dixie Queen Mine (Au)

(Ni-Cu, Zn, Ag) 13. Cougar-New York (Au, Ag) 23. Lyman Mine (Au, W)
4. Portland (stone) 14. Buffalo Mine (Au, Ag) 24. Boswell Mine (Au)
5. Christmas Valley (diatomite) 15. Mormon Basin (Au) 25. Turner-Albright Mine (Cu)
6. Durkee (cement) 16. Basin Creek (Au) 26. Queen of Bronze Mine (Cu, Au)
7. Blue Mountain Lime (limestone) 17. Unity (Cu) 27. Eight Dollar Mountain (Ni)
8. Adrian (bentonite) 18. Santiam mining district (Cu) 28. Rough and Ready Ridge (Ni)
9. Steatite of Oregon (soapstone) 19. Almeda Mine (Ag, Cu)

Figure 1. Mineral industry activity, exploration, and development in Oregon in 1979. Point numbers in text refer

to location numbers shown on this map.

mines that do not report their production, it is likely
that the State’s formal production statistics will never
accurately reflect the total gold output.

Hanna Mining Company’s mine (point 3) at Riddle
in Douglas County continued to be the nation’s only
domestic mine source of nickel. Output rose from
13,509 tons in 1978 to 18,274 tons in 1979. During 1979,
the surplus ferronickel inventories that had caused the

4

smelter to be closed for 6 weeks in 1978 were eliminated.
Oregon Metallurgical Corporation announced
plans to increase the titanium sponge capacity at its
Albany plant (point 1) in Linn County by 50 percent, at
a cost of $6 million. Increased aircraft industry demand
for titanium and the relative price rise for foreign
sponge caused by the falling value of the dollar on the
world market provided the need for the expansion.
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Figure 2. Panoramic view of one end of the U.S. Army Corps of Engineers Applegate Dam project, in which sand
and gravel, Oregon’s major mineral commodity, is being utilized as fill. When completed, the dam will be 242 ft high
and 1,200 ft long and will contain 3 million cubic yards of fill. The tall concrete structure on the left is the intake tower
Sfor the dam. The downstream side of the dam is to the right.

The dark strip in the center of the photograph is the impervious clay core that is being compacted. The core
extends into a notch cut in the bed rock, thereby keying the entire dam into bed rock. Lighter areas on both sides of
the core are composed of crushed gravel. The outer layer of the dam will be made of coarser material.

Major mineral commodities being used in the dam are clay, cement, and sand and gravel. As the sand and gravel
is processed for use as concrete aggregate and fill, the gold content is also recovered. By the end of 1979, $285,000 of
gold had been recovered. (Composite photo courtesy U.S. Army Corps of Engineers)

INDUSTRIAL MINERALS

Sand and gravel and stone accounted for 62 percent
of the total value of Oregon’s 1979 mineral products
(Figure 2), as compared with 65 percent in 1978. A
major tightening of the rock-material resource supply
for the Portland area occurred when the Portland
Development Commission purchased the Rivergate
Rock Products Company quarry (point 4) for $3.65
million. Because the quarry operation would have con-
flicted with that of a new silicon wafer plant nearby,
drilling.and blasting were stopped at the end of October.
All equipment and stockpiles of crushed stone are to be
removed by May 1980.

Deposits of sand and gravel and stone are non-
renewable and are rapidly being depleted or removed
from mining by urbanization. As the demand increases
and supply shrinks, the price will inevitably rise. Careful
planning, however, will extend the useful life of the
deposits. The Department continued its rock-material
program to help such planning by publishing Special
Paper 5, Analysis and Forecasts of the Demand for
Rock Materials in Oregon, by Friedman and others
(1979). The paper provides forecasts for the State and
several substate areas and for the commodities of sand
and gravel and stone. The study also gives forecasting
methodologies that can be used by the planner at the
local level.

Diatomite, composed of the siliceous skeletons of
microscopic aquatic plants called diatoms, was mined,

OREGON GEOLOGY, VOL. 42, NO. 3, MARCH 1980

processed, and sold for pet litter, fertilizer filler, insec-
ticide carrier, and floor sweep absorbent by American
Fossil, Inc., at its diatomite operation (point 5) in
Christmas Valley, Lake County. During 1979, the
operation was sold to Qil-Dri West, who obtained in-
dustrial revenue bond financing totaling $1.5 million
from the Oregon Economic Development Council for
the purchase and expansion of the operation.

The Oregon Portland Cement Company completed
construction of its new cement plant (point 6) near
Durkee, Baker County. Test runs began in early
November. The new plant, with a capacity of about
500,000 tons of cement per year, is twice as large as the
one it replaced at Lime. Limestone for the plant comes
from a nearby quarry.

Blue Mountain Lime Company purchased the lime-
stone deposits and a treatment plant formerly owned by
Chemical Lime Company. The plant is located about
5 mi north of Baker, in Baker County, and the
limestone deposits (point 7) are in the Elkhorn Moun-
tains about 10 mi to the west. The Chemical Lime Com-
pany operated fairly continuously between 1958 and
1970, producing chemical-grade lime and lime products
for the metallurgical and construction industries. The
Blue Mountain Lime Company now has developed
small markets for ground limestone for agricultural pur-
poses, such as soil additives and feed supplements. It is
utilizing high-quality limestone which, because it was
undersize (minus 3 in.), was stockpiled during the
Chemical Lime Company operation. Equipment for
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drying, grinding, and screening the limestone has been
installed. Most of the product sold was pulverized to
minus 40 mesh.

Teague Mineral Products, Malheur County, pro-
duced about 6,000 tons of bentonite clay used for binder
in sandcasting molds, pond sealants, and fire retar-
dants. The clay was mined from pits near the head of
Succor Creek and was trucked to a drying-bagging plant
(point 8) near Adrian, Malheur County.

Steatite of Oregon continues to mine and market
block soapstone from its Jackson County deposit (point
9), for art carving and other specialty uses.

EXPLORATION AND DEVELOPMENT

The McDermitt Caldera, located in the southwest
corner of Malheur County, continues to be a target for
uranium exploration. In 1978, Placer Amex, Inc., an-
nounced the discovery of an orebody (point 10) located
in tuffaceous lake sediments of late Miocene age and
estimated to contain 13 million tons of 0.05 to 0.06 per-
cent U304, In 1979, Anaconda also announced a
uranium find (point 11), this time in the southeast cor-
ner of Harney County. Mining companies have staked
5,000 mining claims in Malheur County and 400 in
Harney County.

During 1979, the Iron Dyke Mine (point }2) in
Baker County was bought by Texas Gulf, Inc., from the
Butler family. The purchase price for the Iron Dyke and
the Red Ledge property in Idaho was $1.5 million.
Texas Gulf formed a joint venture with Silver King Min-
ing of Salt Lake City, Utah, to mine and mill ore from
the Iron Dyke. Starting in September 1979, ore was
trucked 22.5 mi to Silver King’s 800-tons-per-day mill
near Cuprum, lIdaho, for concentration. Thirty-five
people were employed at the mine by the end of the
year. Past recorded production was about 7,000 tons of
copper, 35,000 oz of gold, and 256,000 oz of silver. The
main period of operation was between 1916 and 1928.

W. A. Bowes and Associates continued exploration
and development work at the Cougar Mine (point 13) in
the Granite district of Grant County. A 1,700-ft inclined
shaft, driven on a 12-percent grade to get beneath the
pre-1942 workings, was completed by the end of the
year. The mine was originally opened before 1900; pro-
duction during the last period of operation (1938-1942)
was about 10,000 oz of gold and 10,000 oz of silver.

The Buffalo Mining Company, a group of Seattle
investors, is reopening the gold and silver Buffalo Mine
(point 14), last operated in the mid-1960’s. The 600-adit
level and the flotation mill are being rehabilitated.

Mormon Basin Mines Company began a 200-cubic-
bank-yards-per-hour gold placer mining operation
(point 15) in Mormon Basin, Malheur County. A few
miles down Basin Creek, Delta Investors continued to
produce placer gold from a 60-cubic-bank-yards-per-
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hour operation (point 16). Johns-Manville has filed
about 330 mining claims since 1976 in the Camp Creek
and Bullrun Creek drainages (point 17) south of Unity,
Baker County. Preussag, Canada Ltd., working under
an exploration agreement with Johns-Manville, did
some geologic mapping, soil and rock chip sampling,
and diamond drilling along an altered and mineralized
zone, which is about 8 mi long and 1 mi wide. No com-
mercial quantities of ore have yet been discovered.
Johns-Manville’s interest in the area followed an
Oregon Department of Geology and Mineral Industries
stream-sediment geochemical sampling program which
indicated zinc and copper anomalies in the area. During
1979, the Department placed on open file two geologic
maps by Howard Brooks (Open File Reports 0-79-6 and
0-79-7), which give brief discussions of the mineraliza-
tion in this area.

Two firms have land positions within the Santiam
mining district (point 18) in Marion County. Shiny
Rock Mining Company, whose land until this year was
leased by Freeport Minerals, controls the northeastern
half of the district and AMOCO the southwestern half.
The Santiam district contains zoned mineralization with
copper in the center. During 1978, Freeport did some
deep drilling on Shiny Rock’s side of the center zone. On
the other side of the center zone, AMOCO is continuing
a program of test drilling, plus geological mapping and
geochemical and geophysical studies.

In southwestern Oregon, volcanogenic sulfide ex-
ploration activity on the Big Yank mineralized zone,
from the Silver Peak Mine (point 3) in Douglas County
to the Almeda Mine (point 19) near Galice in Josephine
County, has been continuing over the past five years,
with as many as four major companies involved at
various times. Work has involved geologic mapping,
geochemical soil sampling, airborne and surface
geophysical surveying, and diamond drilling at various
places along the zone. Thus far, no firm plans for min-
ing development have been announced.

Exploration and development activities at gold lode
mines include the extension of a new crosscut at the
Greenback Mine (point 20); preliminary development
work at the Benton Mine (point 21); and small-scale
mining activities at the Dixie Queen (point 22), Lyman
(point 23), and Boswell (point 24) Mines.

Copper-cobalt exploration activity included drilling
at the Turner-Albright Mine (point 25) and mapping
and sampling at the Queen of Bronze Mine (point 26).

Nickel laterite exploration activity by private firms
continued during 1979, and the U.S. Bureau of Mines
supervised the mining of a 160-ton bulk ore sample
from each of two deposits, the Eight Dollar Mountain
(point 27) and Rough and Ready Ridge (point 28). A
small portion of the sample was used for research at the
Bureau of Mines Albany Research Center, and the rest

(See Mineral industry, p. 54)
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Oil and gas exploration and development in Oregon, 1979

by Dennis L. Olmstead, Geologist, Oregon Department of Geology and Mineral Industries

ABSTRACT

During 1979, hydrocarbons were discovered in
commercial quantities for the first time in Oregon. The
gas discovery, named the Mist Gas Field, was in the
northwestern corner of the State in Columbia County.
A pipeline was constructed so production could be
started by the end of 1979.

During the year, leasing for oil and gas exploration
was active, extending from the Coast Range to parts of

eastern Oregon. Continued interest in leasing during
early 1980 and many additional applications to drill
wells indicate that 1980 will be a very active year for
exploration.

INDUSTRY ACTIVITY

In terms of oil and gas activity, the word “develop-
ment” applies to Oregon at last. Until 1979, drilling in
Oregon was confined to exploration and the search for a

Figure 1. Mist Gas Field, Columbia County, Oregon. Five wells were completed in 1979 in the sands of the upper
Eocene Cowlitz Formation by Reichhold Energy Corporation and its partners. One of the wells, Columbia County 1,
was producing at year’s end, with a production of 300,000 cubic feet per day. Production is now about five million

cubic feet per day from three wells.
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Table 1.

Oil and gas permits and drilling activity in Oregon, 1979

Permit
no.

Operator

Well name

Location

TD =Total depth (ft)
RD = Redrill depth (ft)

Status

69 RD

71

72

75

76

81

85

86

87

88

89

91

92

93

94

95

96

97

Reichhold Energy Corporation

Reichhold Energy Corporation

Reichhold Energy Corporation

Mobil Oil Company

Agoil of Oregon

Mobil Oil Company

Farnham Chemical

Reichhold Energy Corporation

Reichhold Energy Corporation

Reichhold Energy Corporation

Reichhold Energy Corporation

John T. Miller

Reichhold Energy Corporation

Reichhold Energy Corporation

American Quasar

Petroleum Company
American Quasar

Petroleum Company
Reichhold Energy Corporation

Reichhold Energy Corporation

Floyd L. Cardinal

Columbia County 1

Columbia County 2

Columbia County 3

v

Sutherlin Unit 1

Hay Creek Ranch 2

Ira Baker Unit 1

Normark 4

Columbia County 4

Columbia County 5

Grimsbo 1

Libel 1

Bursell 1

Columbia County 6

Columbia County 7

Longview Fibre 30-13

Longview Fibre 25-33

Columbia County 8

Libel 2

Watson 1

NW Y sec. 11
T.6 N, R.5W.
Columbia County
NEY sec. 14
T.6 N.,, R. 5 W.
Columbia County
NEY sec. 10
T.6 N.,, R. 5 W.
Columbia County
SWYs sec. 36
T.24S.,,R.5W.
Douglas County
NW Y sec. 6
T.11S.,,R. 15 E.
Jefferson County
NEY sec. 28
T.15S.,R. 3 W.
Linn County
NEY% sec. 36
T.11S.,,R. 2 W,
Linn County
NEY sec. 15
T.6 N.,, R. 5 W,
Columbia County
NW¥ sec. 10
T.6 N.,, R.5W.
Columbia County
SE VY4 sec. 9

T.6 N, R.5W.
Columbia County
NW Y sec. 15
T.6 N, R.5W.
Columbia County
NWY sec. 14
T.8S.,,R.5W.
Polk County
SW¥ sec. 10
T.6 N, R.5W.
Columbia County
SEY sec. 4
T.6N.,,R.5W.
Columbia County
SWi sec. 30
T.6 N, R. 4 W.
Columbia County
SEY sec. 25

T.6 N, R. 5 W.
Columbia County
SEV4 sec. 10
T.6 N, R.5W.
Columbia County
SEV4 sec. 15
T.6N.,,R.5W.
Columbia County
NEY sec. 14
T.7N,R.9W.
Clatsop County

TD: 3,111
RD: 2,965

TD: 2,780

TD:
RD:

2,932
2,992

TD: 13,177

TD:

2,065

TD:

10,412

TD:

3,000

TD:
RD:

3,100
3,116

TD: 2,015

TD:
RD 1:
RD 2:

3,466
2,956
2,614

TD: 7,000

TD: 2,857
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Redrilled in 1979.
Discovery: Mist Gas Field.
Abandoned, dry hole.
Completed, gas. Mist Gas
Field.

Abandoned, dry hole.
Suspended, dry hole.
Abandoned, dry hole.
Permit issued.
Completed, gas. Mist Gas
Field.

Abandoned, dry hole.
Permit issued.

Permit issued.
Abandoned, dry hole.
Completed, gas. Mist Gas
Field.

Permit issued.

Permit issued.
Abandoned, dry hole.
Permit issued.

Abandoned, dry hole.

Permit issued.



Table 1. Oil and gas permits and drilling activity in Oregon, 1979 (continued)

Permit TD =Total depth (ft)
no. Operator Well name Location RD = Redrill depth (ft) Status
98 Reichhold Energy Corporation Columbia County 9 NW Y sec. 1 - Permit issued.
T.6N.,R.5W,
Columbia County
99  Reichhold Energy Corporation Columbia County 10 SW ' sec. 3 TD: 2,983 Completed, gas. Mist Gas
T.6N,,R.5W. Field.
Columbia County
100  Reichhold Energy Corporation Columbia County 11 SE% sec. 11 - Permit issued.
* T.6N,,R.5W.
Columbia County
101 Reichhold Energy Corporation Hammerberg 1 NEY sec. 14 TD: 2,851 Abandoned, dry hole.
T.6N,,R.5W, RD: 3,318
Columbia County
102 Reichhold Energy Corporation Wall 1 SW Vi sec. 13 - Permit issued.
T.6N.,,R.5W.
Columbia County
103 Reichhold Energy Corporation Busch | SWY% sec. 15 - Permit issued.
T.6N.,,R.5W,
Columbia County
104 Reichhold Energy Corporation Rawlinson 1 NWY sec. 13 - Permit issued.
T.6N,,R.5W.
Columbia County
105 Reichhold Energy Corporation Longview Fibre 2 SW sec. 11 - Permit issued.
T.6N,,R.5W,
Columbia County
106  American Quasar Longview Fibre 6-21 NWY sec. 6 - Permit issued.
Petroleum Company T.5N.,, R. 4 W,
Columbia County
107  American Quasar Longview Fibre 31-33 SE% sec. 31 - Permit issued.
Petroleum Company T.6 N, R.4 W,
Columbia County
108  American Quasar Crown Zellerbach SW sec. 15 TD: 3,219 Abandoned, dry hole.
Petroleum Company 15-14 T.6N.,, R.4W.
Columbia County
109  American Quasar Crown Zellerbach NE % sec. 21 - Permit issued.
Petroleum Company 21-41 T.6N.,, R. 4 W.
Columbia County
110  American Quasar Wall 24-21 NW Y sec. 24 - Permit issued.
Petroleum Company T.6N., R.5W.
Columbia County
111 Reichhold Energy Corporation Crown Zellerbach 3 SEY sec. 6 - Permit issued.
T.4N,R.3 W,
. Columbia County
112 Reichhold Energy Corporation Crown Zellerbach 4 NW Y sec. 36 TD: 6,063 Abandoned, dry hole.
T.5N,R.4W,
Columbia County
113 American Quasar Longview Fibre 36-41 NEY% sec. 36 - Permit issued.
Petroleum Company T.6N.,R.5W.
Columbia County
114  American Quasar Longview Fibre 31-21 NWY sec. 31 - Permit issued.
Petroleum Company T.6 N, R.4W,
Columbia County
115 Reichhold Energy Corporation Columbia County 12 NW% sec. 14 - Permit issued.
T.6N.,,R.5W.
Columbia County
116  Oregon Natural Gas Crown Zellerbach 1 ~ NWY sec. 13 TD: 6,158 Abandoned, dry hole (1980).
Development Company T.2S,R. 10 W,

Tillamook County
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Table 1. Oil and gas permits and drilling activity in Oregon, 1979 (continued)

Permit TD =Total depth (ft)
no. Operator Well name Location RD = Redrill depth (ft) Status
i John T. Miller John Stump 1 NW Y% sec. 26 - Application received.
T.8S.,,R.5W.
Polk County
118  American Quasar Crown Zellerbach SW i sec. 29 TD: 2,880 Abandoned, dry hole.
Petroleum Company 29-14 T.6N.,R.4W.
Columbia County
119 American Quasar Wall 24-13 SW ' sec. 24 - Permit issued.
Petroleum Company T.6N.,,R.5W.
Columbia County
120 American Quasar Longview Fibre 23-31 NE'Y sec. 23 - Permit issued.
Petroleurn Company T.6 N, R.5W.
Columbia County
121 American Quasar Longview Fibre 25-32 NE'% sec. 25 - Permit issued.
Petroleum Company T.6N.,,R. 5 W.
Columbia County
122 American Quasar Crown Zellerbach NW Y sec. 14 - Permit issued.
Petroleum Company 14-21 T.5N,R.5W.

Columbia County

Figure 2. Northwest Natural Gas pipeline and control valves, Mist, Oregon. Designed and constructed in 1979,
the new 12-in. pipeline connects the Mist Gas Field to the existing system at Clatskanie, 7 mi to the north. These valves

are located at the Northwest Natural Gas gathering facility near Mist.
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Figure 3. Brinkerhoff-Signal rig, drilling American Quasar Petroleum’s Wall 24-13, 1 mi south of Mist, Oregon.
This rig, the only one to work through the winter in Columbia County, also drilled an exploratory well in Tillamook
County for Oregon Natural Gas Development Corporation.

gas storage site, but drilling during the year (Table 1)
resulted in the discovery of the Mist Gas Field in Colum-
bia County (Figure 1).

The discovery well, Columbia County 1, was first
drilled during 1977 by a partnership composed of Reich-
hold Energy Corporation, Northwest Natural Gas Com-
pany, and Diamond Shamrock Corporation. The well
was drilled for the dual purpose of discovering hydro-
carbons or a gas storage reservoir. Gas shows existed in
the Columbia County well, but they were considered to
be noncommercial. Redrilled in 1979, the well produced
a sizeable quantity of gas from the upper Cowlitz sand
of the upper Eocene Cowlitz Formation. The initial test
showed a flow rate of over 1.6 million cubic feet per day
(MMcfd) and a shut-in pressure of 970 psi. The gas con-
tained 92 percent methane and provided a heating value
of 950 Btu per cubic foot.

The Mist gas discovery well was followed shortly by
four more producers, all drilled by Reichhold and its
partners within 1%2 mi of the discovery well. These wells
were all completed in the same sand at depths of 2,000

OREGON GEOLOGY, YOL. 42, NO. 3, MARCH 1980

to 2,800 ft with a combined capacity of about
17 MMcfd. Further drilling in the vicinity has been car-
ried out by Reichhold and by American Quasar
Petroleum Company.

The discovery finally occurred after more than 200
dry holes were drilled throughout the State, including
five in the Mist area alone. The northwest-trending
structure in the Mist Gas Field consists of a highly
faulted anticline, and the five producers appear to be
completed in three separate pools.

Gas flowed from one of the wells in late December
through a new 12-in. pipeline to the existing Northwest
Natural Gas pipeline system (Figure 2) in Clatskanie.

Its 0.3 MMcfd will be augmented in 1980 as gather-
ing lines are installed for the remaining producers. Fur-
ther drilling is also expected in the area (Figure 3).

Elsewhere in the State, deep exploratory drilling
was carried out by Mobil Oil Company in Douglas and
Linn Counties. Sutherlin Unit 1 was drilled north of
Roseburg to a depth of 13,177 ft and abandoned as a
dry hole in April 1979. Mobil also drilled another deep
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Figure 4. Oil and gas leases in Oregon, 1979.

exploratory well to 10,412 ft in southern Linn County,
north of Eugene. This well, Ira Baker 1, was also a dry
hole. Although both were dry, the drilling of these wells
was encouraging, because it demonstrated the industry’s
willingness to drill deep holes in Oregon.

Drilling in the rest of the State consisted of a well in
Jefferson County and one in Polk County. These dry
holes were drilled to total depths of about 2,000 ft. At
the year’s end, Oregon Natural Gas Development Cor-
poration was drilling an exploratory well in Tillamook
County. This well, Crown Zellerbach 1, was abandoned
as a dry hole in January 1980.

Leasing was very active in 1979 and continued into
early 1980. Counties in northwestern Oregon enjoyed
popularity stemming from the Mist gas discovery.
Reichhold Energy Corporation and its partners, as well
as American Quasar Petroleum Company, continued to
be major leaseholders in Columbia County. Of the
major oil companies, Mobil was active in leasing as well
as drilling. Coos, Douglas, Lane, and Linn Counties
were the sites of nearly 50,000 acres of new Mobil
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leaseholds.

Statewide, leases of Federal land in 1979 alone ac-
counted for about a quarter million acres of new oil and
gas leaseholds. More than 125 individuals and corpora-
tions acquired leases last year in the State, demonstrat-
ing the increased interest in the State’s potential.
Douglas County experienced one of the largest increases
in oil and gas leasing for the year, with additions of over
125,000 acres on Federal land (Figure 4).

The industry showed further interest in Oregon
when, in early 1980, a State Lands Division lease sale
brought bonus bids of up to $150 per acre in Clatsop
County, adjacent to Columbia County. Eight bidders
leased 25,343 acres in Clatsop County. A statewide total
of 41,096 acres was leased at this sale, bringing in
$1,765,695 in bonus bids. This unusual showing of en-
thusiasm for Oregon oil and gas prospects points to a
promising decade ahead. The relatively high level of
drilling in 1979 (Figure 5) will likely continue through
1980 and beyond.
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Figure 5. Oil and gas drilling activity in Oregon, 1979. The gas discovery at Mist resulted in a surge of drilling per-
mits and drilling of wells during 1979. Even more activity is expected in Columbia County in 1980. []

State lands yield Correction
0I| and gas revenue The following corrections should be made to your
February 1980 issue of Oregon Geology.

Seven organizations and six individuals bid a total 1. Page 22, second line of COVER PHOTO should
of $1,765,695 for oil and gas rights on 41,000 acres of read: “looking east toward Jackson Gap.”
State lands in western Oregon that were offered at one 2. Page 33, starting seven lines from the bottom of
auction by the State Lands Division on January 8, 1980. the first column and continuing to the second
Main interest was in land located in eastern Clatsop column, the following numbers for Km and Mi
County, where bonus bids averaged approximately $60 should be changed:
per acre. The second area of interest was along the coast 13.1 8.2 shouldread 11.2 7.0
in Lane and Douglas counties. Bonus bids averaged $5 13.6 8.5 should read 11.7 7.3
per acre in that area. 16.6 10.4 should read 14.7 9.2

Participants in the bidding included the following: 18.1 11.3 should read 20.6 12.9

Kyle R. Miller, Denver, Colorado, 11,000 acres; 23.2 14.5 should read 21.3 13.3

Northwest Exploration Co., Denver, Colorado, 3. Page 33, nine lines from the bottom of the sec-
9,000 acres; ond column. The description for mile 5.8 should
Nehama and Weagant, Bakersfield, California, read: “Outcrop of interlayered Paleozoic and
5,600 acres; Triassic cherts, argillites, and marble, cut by

Diamond Shamrock Corp., Denver, Colorado, Jurassic quartz monzonite.” [J

3,900 acres;
Marvin and Melvin Wolf, Denver, Colorado, 2,500

Send us your new address

acres.
High bid of $150 per acre was made by C.J. Ells- When you move, don’t forget to send your new ad-
worth, Denver, Colorado, on a tract a few miles north- dress to the Oregon Department of Geology and Min-
east of the town of Jewell in Clatsop County. [J eral Industries.
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Mined land reclamation in Oregon, 1979

by Standley L. Ausmus, Supervisor, Mined Land Reclamation Program, Albany Field Office, Oregon Department

of Geology and Mineral Industries

Surface mining activity in Oregon increased mark-
edly during 1979, as shown by the numbers of inquiries
about and applications for surface mining permits. This
increased interest in surface mining is particularly true
with regard to gold placer mining operations in Baker,
Grant, Jackson, Josephine, and northern Malheur
Counties. A substantial number of gold placer opera-
tions began or significantly expanded during the past
year and are now operating under State surface mining
permits with approved reclamation plans fully imple-
mented and in place. Several other mines are very close
to the start of operations.

The number of aggregate resource mining sites con-
tinues to increase at a rate comparable to those of
previous years, with some seasonal fluctuation, of
course. There have been an average of five new surface
mining permits per month and an average of three new
limited exemptions or grandfather certificates issued by
the Program. This growth rate has been steady since
about 1976 and is expected to continue, barring unfore-
seen economic circumstances. The expanded interest in
gold and silver may influence that projection somewhat
in the coming months,

As of January 1, 1980, 414 reclamation plans had
been approved since the inception of the field program
in January 1974. Over that same time span, 34 reclama-
tion projects had been completed, representing approxi-
mately 350 acres of reclaimed ground.

A major Department concern of the past year was
the rewriting of the administrative rules for the Mined
Land Reclamation Program. Revisions were necessi-
tated by the legislative changes which were enacted dur-
ing the 1975, 1977, and 1979 sessions of the State
Legislature. In addition, the Department recognized the
need to rewrite, in simple and clear language, the in-
structions needed and steps to be followed in making
application for a surface mining permit and in preparing
the reclamation plan.

The initial draft of these proposed administrative
rule changes was distributed for review to various min-
ing industry representatives, to the Association of
Oregon Counties, to State natural resource agencies,
and to other interested parties and associations.
Responses to this draft were presented to the Governing
Board of the Department on November 20, 1979. A sec-
ond draft was prepared and reviewed at three public
hearings in January.

The third and final hearing on the draft and final

Board action took place in February 1980. The revised
rules were then sent to the office of the Secretary of
State for publication.

Copies of the new rules will be distributed to those
on the mailing list and others who have requested
copies. Additional copies will be available in the Depart-
ment’s Portland, Albany, Baker, and .Grants Pass
offices.

Questions concerning the new administrative rules
should be directed to the Albany office (phone: [503]
967-2039 or the toll-free number 1-800-452-7813).

The Department would like to take this opportu-
nity to thank those people in government and industry
who have labored with us in such a cooperative manner
over the past 6 years to make the State surface mining
reclamation program a reality and an effective tool in
the proper development, conservation, and preservation
of our natural resources. Without the support of these
State and local agencies and the diligent and cooperative
efforts of the miners and the construction industry, this
program would not be a reality today. As a result, there
has developed in Oregon a reclamation ethic which was,
after all, the purpose and the intent of the legislation
which brought this program into being in 1972.

It is the Department’s determination to continue
and to extend that cooperative effort throughout the
coming decade as we strive together to meet the con-
tinuing and expanding demands of the economy for
mineral resources while simultaneously protecting and
preserving our environment and the value of the lands
which must necessarily be mined for those mineral
resources. [J

(Mineral Industry, from p. 46)

was shipped to a pilot plant belonging to the UOP, Inc.,
a division of Signal Qil, in Tucson, Arizona, to test the
Bureau of Mines’ newly developed leach process to ex-
tract nickel, chromium, and cobalt from the laterites.

A Josephine County mineral report which summa-
rizes information on 470 mines and prospects and con-
tains a countywide geologic map was published by the
Department as Bulletin 100, Geology and Mineral
Resources of Josephine County, Oregon (Ramp and
Peterson, 1979). O
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Temperature-gradient drilling on southern flanks
of Mt. Hood, Oregon. Article beginning on next
page summarizes geothermal exploration activities
within the State during 1979.

Department of Geology begins
mid-Willamette Valley
rock resource study

The Oregon Department of Geology and Mineral
Industries (DOGAMI) has initiated a two-year study of
the rock material resources of Marion, Polk, Yamhill,
and Linn Counties. The study is sponsored by
DOGAMI, the Pacific Northwest Regional Commis-
sion, and the Oregon Land Conservation and Develop-
ment Commission.

Because of the significance of rock material in the
regional economy, the Department is giving high prior-
ity to the development of supply assessments, and the
mid-Willamette Valley represents an economic market
area of particular importance.

The study will provide basic supply data on land
with potential for sand, gravel, and stone production,
including a geological unit base map and an inventory
of approximately 800 pits and quarries. By combining
inventory information with geologic maps and by ad-
dressing demand as well, it will establish a broad frame-
work for policy formulation and decision-making in
land use and resource management.

Contact person for this study is Jerry J. Gray,
Oregon Department of Geology and Mineral Industries,
1129 S.E. Santiam Road, Albany, Oregon 97321, phone
(503) 967-2039. O
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Geothermal exploration in Oregon, 1979

by Joseph F. Riccio, Geothermal Specialist, and Dennis L. Olmstead, Geologist, Oregon Department of Geology

and Mineral Industries

ABSTRACT

Government agencies and university researchers
continued their geothermal research effort in Oregon
during 1979. The Oregon Department of Geology and
Mineral Industries placed emphasis on the evaluation of
Oregon’s low-temperature resource areas and the geo-
thermal potential of the central Cascades.

Industrial exploration decreased, and no major dis-
coveries were reported. The major effort by industry
was the drilling of the 10,050-ft well at Ontario, Mal-
heur County, by Ore-lda Foods, Inc. During the year,
the Department issued permits for 201 temperature-
gradient holes less than 500 ft deep and for 35 holes
more than 500 ft deep. Ninety shallow and 29 deep holes
were actually drilled.

INDUSTRY ACTIVITY

Oregon’s deepest geothermal test well (depth
10,050 ft) to date was drilled in Ontario, Malheur Coun-
ty (Figure 1), at a cost of $4.8 million, by Ore-Ida
Foods, Inc., in conjunction with the U.S. Department
of Energy (USDOE). The well was spudded on August
19, 1979, by Montgomery Drilling Company of Bakers-
field, California. Temperatures approximating 400°F
were reported from this hole; however, the amount of
geothermal fluid recovered from an initial drill-stem test
was not sufficient in volume to warrant completion of
the well. The hole is currently shut-in, pending further
geologic and engineering analyses and additional
testing.

The Eugene Water and Electric Board (EWEB) ini-
tiated and .completed the drilling of six temperature-
gradient holes in the central Cascades (Figure 2). Max-
imum depth of exploration was 1,960 ft. This undertak-
ing was in conjunction with Southland Royalty Com-
pany and Sunoco Energy Development Company.
Funding, in part, was by USDOE.

The remainder of the exploration effort by industry
(Tables 1 and 2) was restricted to the drilling of
temperature-gradient holes to depths ranging from 500
to 2,000 ft. Prior to September 1, 1979, prospect wells
included only those drilled to 500 ft or less. According
to the present Oregon law relating to geothermal ex-
ploration and development, however, the term “pros-
pect well” includes any geophysical test well, seismic
shot hole, mineral exploration drilling, core drilling, or
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temperature-gradient test well that is less than 2,000 ft
in depth and is drilled during the prospecting for geo-
thermal resources. This change in the law influenced the
1979 trends shown on the graphs in Figures 3 and 4 and
the data presented in the abstract.

Old Maid Flat 1, the geothermal exploratory test
well drilled on the flanks of Mt. Hood by Northwest
Geothermal Corporation, is still shut-in. Plans are cur-
rently being formulated to obtain fluid samples for
geochemical analyses from several of the potentially
producing aquifers. If these tests prove successful, flow
testing of the well may be considered for late summer of
1980.

Leasing
Acquisition of geothermal leases continued in
Oregon during 1979. The total Federal acreage leased

Figure 1. Ore-Ida Foods, Inc., Well 1, Ontario,
Malheur County, Oregon.
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Table 1. Geothermal permits and drilling activity in Oregon, 1979

Permit Total
no. Operator Well name Location depth (ft) Status
37 Anadarko Production Alvord Valley SW¥ sec. 18 - Location, proposed depth 2,000 ft.
Hole A-7 T.338., R.36E.
Harney County
38 Anadarko Production Alvord Valley SE% sec. 14 — Location, proposed depth 2,000 ft.
Hole A-8 T.33S.,R.35E.
Harney County
39 Anadarko Production Alvord Valley NEY sec. 29 - Location, proposed depth 2,000 ft.
Hole A-26 T.34S,R.34E.
Harney County
40 Anadarko Production Alvord Valley SW sec. 34 - Location, proposed depth 2,000 ft.
Hole A-31 T.34S.,R.34E.
Harney County
41 Anadarko Production Alvord Valley NEV: sec. 8 - Location, proposed depth 2,000 ft.
Hole A-34 T.35S., R. 34 E.
Harney County
42 Anadarko Production Alvord Valley SEY sec. 10 - Location, proposed depth 2,000 ft.
Hole B-56 T.37S.,R.33E.
Harney County
43 Anadarko Production Alvord Valley SWY sec. 13 - Location, proposed depth 2,000 ft.
Hole B-61 T.37S,R.33E.
Harney County
44 Anadarko Production Alvord Valley NW Vi sec, 22 - Location, proposed depth 2,000 ft.
Hole B-64 T.37S.,R. 33 E.
Harney County
45 U.S. Geological Survey Newberry Crater 2 SW 4 sec. 31 2,076 Drilling suspended October 1979; will deepen
T.21 S,,R. 13 E. to 3,000 ft in 1980.
Deschutes County
46 Ore-Ida Foods, Inc. Well 1 NEY sec. 3 10,050 Well suspended for monitoring.
T.18S.,, R. 4T E.
Malheur County
47 Ore-lda Foods, Inc. Well 2 SEVY sec. 3 — Drilling postponed pending evaluation of Well
T.18S.,R. 47 E. No. 1.
Malheur County
48 Chevron Resources Neals-Bully Creek SE Y sec. 32 - Location, proposed depth 2,000 ft.
79-2 T.178S., R. 43 E.
Malheur County
49 Chevron Resources Neals-Bully Creek  SW sec. 33 2,010 Temperature-gradient well.
79-4 T.17 8., R. 43 E.
Malheur County
50 Chevron Resources Neals-Bully Creek NEY sec. 4 - Location, proposed depth 2,000 ft.
79-5 T.18S,,R. 43 E.
Malheur County
51 Chevron Resources Neals-Bully Creek SE Y sec. 8 - Location, proposed depth 2,000 ft.
79-6 T.18S., R. 43 E.
Malheur County
52 Chevron Resources Neals-Bully Creek NW V4 sec. 3 - Location, proposed depth 2,000 ft.
79-7 T.18S., R. 43 E.
Malheur County
53 Chevron Resources Neals-Bully Creek NW Y% sec. 28 - Location, proposed depth 2,000 ft.
79-8 T.178., R. 43 E.
Malheur County
54 Chevron Resources Neals-Bully Creek NEY sec. 15 1,868 Temperature-gradient well.
79-10 T.18S., R. 43 E.
Malheur County
55 Chevron Resources Neals-Bully Creek NW Y sec. 9 - Location, proposed depth 2,000 ft.
79-11 T.18S.,R. 43 E.
Malheur County
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Table 1. Geothermal permits and drilling activity in Oregon, 1979 (continued)

Permit
no.

Operator

Well name

Location

Total

depth (ft)

Status

56

57

58

59

61

62

63

65

67

68

69

70

71

72

73

74

Union Oil Company
Union Oil Company
Union Oil Company
Union Oil Company
Union Oil Company
Union Oil Company
Union Oil Company
Union Oil Company
Union Oil Company
Northwest Natural Gas
Northwest Natural Gas
Northwest Natural Gas
Eugene Water and

Electric Board

Eugene Water and
Electric Board

U.S. Geological Survey
Francana Resources, Inc.
Francana Resources, Inc.
Eugene Water and

Electric Board

Eugene Water and
Electric Board

Brooks Scanlon 1

Brooks Scanlon 2

Brooks Scanlon 3

Brooks Scanlon 4

Brooks Scanlon 5

Brooks Scanlon 6

Brooks Scanlon 7

Brooks Scanlon 8

Brooks Scanlon 9

Jct. Highways 26

and 35

Zigzag 1

Still Creek 1

Road 075

Sisi Creek

Pucci Chairlift

Glass Buttes 1

Glass Buttes 2

Fish Lake Creek

Twin Meadows
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NWY: sec. 2
T.24S.,,R. 11 E.
Klamath County
SWVi sec. 5
T.23S,R. 11 E.
Klamath County
SW¥: sec. 29
T.23S,R. 11 E.
Klamath County
NEY sec. 15
T.26S.,R. 12 E.
Lake County
SWYs sec. 36
T.26S.,R. 12 E.
Lake County
SWY sec. 32
T.25S.,R. 12 E.
Lake County
NEY sec. 12
T.17S.,,R. 10 E.
Deschutes County
SE Y sec. 30
T.17S.,,R. 11 E.
Deschutes County
NEY sec. 27
T.16S., R. 10 E.
Deschutes County
NEY sec. 30
T.3S.,,R.9E.
Clackamas County
NWVi sec. 14
T.3S,R.8E.
Clackamas County
NW sec. 35
T.3S,R.8E.
Clackamas County
NEY sec. 4
T.13S,,R.7E.
Linn County
SWY sec. 6
T.8S.,,R. 8E.
Clackamas County
SEV4 sec. 7
T.3S,R.9E.
Clackamas County
NW i sec. 31
T.22S.,R.23 E.
Lake County
SW'a sec. 17
T.23S.,,R.23E.
Lake County

SE Y4 sec. 32
T.13S.,,R. 7E.
Clackamas County
SEY4 sec. 9
T.12S.,,R. 7E.
Clackamas County

705

550

975

1,010

840

860

965

940

1,505

2,000

2,000

1,837

1,960

Abandoned, temperature-gradient well.

Abandoned, temperature-gradient well.

Will not be drilled.

Will not be drilled.

Abandoned, temperature-gradient well.

Abandoned, temperature-gradient well.

Will not be drilled.

Abandoned, temperature-gradient well.

Abandoned, temperature-gradient well.

Suspended, temperature-gradient well.

Suspended, temperature-gradient well.

Location, temperature-gradient well.

Location, temperature-gradient well.

Suspended, temperature-gradient well.

To be deepened to approximately 3,000 ft in

1980.

Abandoned, temperature-gradient well.

Location, proposed depth 2,000 ft.

Suspended, temperature-gradient well.

Suspended, temperature-gradient well.
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Table 1. Geothermal pérmits and drilling activity in Oregon, 1979 (continued)

Permit Total
no. Operator Well name Location depth (ft) Status
75 Eugene Water and Poop Creek SEYs sec. 5 870 Suspended, temperature-gradient well.
Electric Board T.7S.,R. 8E.
Clackamas County
76 Eugene Water and Cinder Cone NEY sec. 10 1,160 Suspended, temperature-gradient well.
' Electric Board T.7S.,R.8E.
Clackamas County
77 Eugene Water and Tarzan Spring SEV4 sec. 4 710 Suspended, temperature-gradient well.
Electric Board T.7S.,,R.7E.
Clackamas County
78 Eugene Water and Pinhead NEY: sec. 35 - Location, temperature-gradient well.
Electric Board T.7S.,R. 8E.
Clackamas County
79 Eugene Water and Crescent Creek SEY sec. 13 — Location, temperature-gradient well.
Electric Board T.13S.,,R. 6E.
Clackamas County
80 Chevron Resources Jordan 55 NWY sec. 9 - Drilling at 2,600 ft, January 1980.
T. 18 S., R. 43 E.
Malheur County
Table 2. Geothermal prospect permits and drilling activity in Oregon, 1979
Permit
no. Operator Issue date Locations Comments and status
38 Phillips Petroleum Company May 1978 Brothers Fault Drilled 17 more 500-ft gradient holes in 1979, continuing
Zone, Lake and the 1978 program.
Harney Counties
47 Northwest Natural Gas Nov. 1978  Mt. Hood Summit Meadows well drilled to 1,115 ft. Lost Creek well
Clackamas County  drilled to 431 ft. Clear Fork well drilled to 495 ft.
48 Chevron Resources April 1979  Bully Creek Drilled two 500-ft and two 2,000-ft gradient holes.
Malheur County
49 Technology International April 1979  Vale Location, temperature-gradient well.
Malheur County
50 Phillips Petroleum Company July 1979 Lakeview Drilled 24 500-ft gradient holes in 1979.
Harney County
51 Francana Resources July 1979 Glass Buttes Drilled one hole to 2,000 ft, suspended to monitor
Lake County temperature.
52 Chevron Resources July 1979 South Crump Lake Drilled 14 500-ft gradient holes in 1979.
Lake County
53 Chevron Resources July 1979 Bully Creek Drilled four 500-ft gradient holes in 1979.
Malheur County
54 Oregon Department of Geology Aug. 1979  Cascades Drilled eight 500-ft gradient holes in 1979.
and Mineral Industries Clackamas County
55 U.S. Geological Survey Aug. 1979  Mt. Hood Drilled two wells in 1979; deepest 1,002 ft.
Clackamas County
56 Republic Geothermal Aug. 1979  Vale Drilled four wells in 1979; three to depth of 500 ft and one
Malheur County to 1,500 ft.
57 Anadarko Production Company  Sept. 1979  Alvord Valley Drilled six 500-ft and one 900-ft gradient holes in 1979.
Harney County
58 Union Oil Company Oct. 1979  Alvord Valley Location, temperature-gradient well.
Harney County
59 Eugene Water and Sept. 1979  Breitenbush Location, temperature-gradient well.
Electric Board Linn County
60 Oregon Department of Geology = Nov. 1979  Lakeview Drilled eight 500-ft gradient holes in 1979.
and Mineral Industries Lake County
61 Oregon Department of Geology = Nov. 1979  La Grande Drilled two 500-ft gradient holes in 1979.

and Mineral Industries

Union County
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was a little greater than in 1978. Totals of Federal and
State leases in Oregon are shown in Table 3. The acreage
noted for the private leases is an estimate because con-
firmation is difficult.

Table 3. Geothermal leases in Oregon, 1979

Type of leases Number Acres
Federal
Noncompetitive 113 USBLM* 165,678
23 USFS** 38,872
Competitive 21 USBLM* 43,082
4 USFS** 5,818
Applications pending 123 USBLM*
368 USFS**
Total 253,450
State
Leases active in 1979 8,934
Applications pending 3
Private
Leases active in 1979 (est.) 160,000

* U.S. Bureau of Land Management
** U.S. Forest Service

There were no U.S. Bureau of Land Management
(USBLM) lease sales in calendar year 1979. However,
four energy companies—Anadarko Production Com-
pany, Hunt Oil Company, Intercontinental Energy Cor-
poration, and Union Oil Company—were successful
bidders on the sale held January 8, 1980, on six parcels
of Federal land in Oregon in the following KGRA'’s:
Alvord, Breitenbush, Crump, and Klamath Falls (Table
4). Sixty-two parcels were offered by the Federal
government. Forty-nine parcels received no bids, and
seven others were withdrawn. The withdrawn parcels
and those that did not receive bids will be re-offered as
part of a geothermal lease sale planned for April 29,
1980.

After the April 29 sale, the USBLM will probably
recommend to the U.S. Geological Survey (USGS) that
those parcels which received no bids at this and several
previous sales be removed from KGRA classification.

A sale of parcels in Oregon in the Belknap-Foley
Hot Springs, McCredie, and Newberry Caldera KGRA’s
is tentatively planned for October 23, 1980, contingent
upon the forwarding of leasing recommendations by the
USGS.

< Figure 2. Location of temperature-gradient holes
drilled by Eugene Water and Electric Board and Oregon
Department of Geology and Mineral Industries, 1979.
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Table 4. U.S. Bureau of Land Management KGRA lease sales, January 8, 1980

Parcel Acreage Area Company Amount
13 2,280 Alvord Anadarko $236,367.60
14 2,463 Alvord Anadarko 90,605.33
33 1,029 Breitenbush Union Oil 10,341.45
39 118 Klamath Falls Intercontinental 917.53
50 2,371 Crump Hunt Oil 4,833.35
51 2,344 Crump Hunt Oil 4,828.58

RESEARCH Forty-seven chemical analyses of thermal waters

Low-temperature geothermal resources

The first phase of the statewide inventory of low-
temperature geothermal resources (geothermal waters
with a temperaiure of 90°C or less) was begun by the
Oregon Department of Geology and Mineral Industries
(DOGAMI) in July 1977 and completed in June 1979.
The inventory consisted of two parts: (1) a compilation
of chemical data on thermal springs and wells in
Oregon, and (2) an identification of potential low-
temperature resource areas on the basis of geochemical,
temperature-gradient, heat-flow, geological, and
geophysical data. These studies were funded by
USDOE.

from Oregon springs or wells, based on both field
sampling and literature research, were submitted to the
USGS for inclusion in their GEOTHERM data base.
These data and 142 others by the USGS are included in
Open-File Report 0-79-3, Chemical Analyses of Ther-
mal Springs and Wells in Oregon, authored jointly by
USGS and DOGAMI. The locations of these thermal
springs and wells, as well as others previously identified
by DOGAMI, are shown on the Geological Map Series
map GMS-10 (1978), which is an update of previously
published Miscellaneous Paper 14, Thermal Springs and
Wells in Oregon (1970).

During the second part of the study, thirty poten-
tial geothermal-field areas were identified, and pertinent
data about them submitted to the USGS for inclusion in

Figure 3. Geothermal drilling activity in Oregon, 1979.
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Figure 4. Geothermal prospect drilling activity in Oregon, 1979.

the GEOTHERM data base. Of these areas, nine that
are totally in Oregon and three that are partially in
Oregon-ldaho, Oregon-Nevada, and Oregon-Washing-
ton are favorable for the potential development of low-
temperature geothermal resources and are detailed in
USGS Circular 790, Assessment of Geothermal Re-
sources of the United States— 1978 (1979). These areas
are Belknap-Foley Hot Springs, Willamette Pass, Craig
Mountain-Cove (La Grande), Glass Buttes, Northern
Harney Basin, Southern Harney Basin, Alvord Desert,
Lakeview, Klamath Falls, Western Snake River Basin,
McDermitt, and Walla Walla.

Completion of the initial phase of the low-tempera-
ture study led to two major Department publications in
1979. GMS-11, Preliminary Geothermal Resource Map
of Oregon (scale 1:500,000), relates the aforementioned
resource areas to pertinent Pleistocene-Holocene geol-
ogy, geologic structure, heat flow, and thermal springs
and wells. Special Paper 4, Heat Flow of Oregon, con-
tains extensive newly acquired heat-flow and geother-
mal-gradient data for the State. These data are pre-
sented on a contour map of heat flow (20 mW/m? inter-
val) at a scale of 1:1,000,000. The text also contains
maps of heat flow and temperatures at a depth of 1 km
for 1°x1° intervals. Histograms and averages of geo-
thermal gradient and heat flow for the various physio-
graphic provinces within the State are also included.
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The second phase of the low-temperature study,
site evaluation, which commenced in 1979 also through
a USDOE contract, consists, in part, of geologic map-
ping by DOGAMI of the Belknap-Foley Hot Springs
area (one 15-minute quadrangle), Willamette Pass area
(two 15-minute quadrangles), Lakeview area (portions
of three 15-minute quadrangles), and Northern and
Southern Harney Basins (four 15-minute quadrangles)
(Figure 5). Mapping is in various stages of completion.
Mapping of the Craig Mountain-Cove (La Grande) area
by Geoscience Research Consultants of Moscow, Idaho,
under contract to DOGAMI, has been completed, and
results of the study will be published as Special Paper 6
in 1980. The four 7%-minute quadrangles covered by
this study include the southwestern portion of the
Grande Ronde Valley and adjacent uplands.

Eight temperature-gradient holes were drilled to a
maximum depth of 400 ft in the Lakeview area (Figures
6 and 7). Thermal waters collected from springs, wells,
and temperature-gradient holes were analyzed, and
chemical data were submitted to USGS for inclusion in
the GEOTHERM data base.

The westerly two of the four temperature-gradient
holes programmed for the La Grande area were drilled
in 1979 (Figure 8). Chemical analysis of thermal waters
collected from the area’s thermal springs and wells is
currently under way.
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Figure 5. Areas of geothermal activity in Oregon, 1979.

Cascades study

The Department, through a USDOE contract, has
initiated a temperature-gradient investigation of the
Western and High Cascades of central Oregon. This
project should be completed in late 1980. Eight holes up
to 500 ft deep (Figure 2) were drilled during 1979; the re-
maining fourteen (not shown on map) are to be drilled
in 1980. Geologic mapping, approximately 1 sq mi in
extent, has been completed at each site drilled.

Also, as part of this overall project, several sub-
contracts to universities have been issued by DOGAMI.
Richard Couch and Michael Gemperle, School of
Oceanography, Oregon State University, will initiate
aeromagnetic and gravity measurements in both the
southern and northern Oregon Cascades. Craig White,
Department of Geology, University of Oregon, is com-
piling a stratigraphic, structural, and petrological index
of the Breitenbush 15-minute quadrangle and that area
included in the drainage of the upper portion of the
Molalla River in the northern part of the Mill City
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15-minute quadrangle. The tectonic framework of the
Western Cascades as deduced from paleomagnetic
determination of microplate boundaries is the object of
the research activity conducted by Allan Cox, Depart-
ment of Geophysics, Stanford University. Cyrus Fields,
Department of Geology, Oregon State University, will
identify fossil hydrothermal systems in the Western
Cascades.

Figure 6. Location of temperature-gradient holes,
Lakeview area, Oregon.

¥ AN

AR
OREGON GEOLOGY, VOL. 42, NO. 4, APRIL 1980




Figure 7. Hunter Hot Springs “Geyser,” located north of the city of Lakeview, began erupting in October 1923
while a well was being drilled at this site.

U.S. Geological Survey

As part of the continuing Mt. Hood geothermal
assessment program, the USGS has drilled four temper-
ature-gradient holes (Tables 1 and 2) on the south and
west flanks of Mt. Hood to a maximum depth of
2,000 ft. The hole at the base of the Pucci Chairlift
(35S5/9E-7ad) is to be deepened to approximately
3,000 ft in the summer of 1980.

Detailed field mapping and petrological and miner-
alogical studies of selected areas of hydrothermal altera-
tion associated with active and fossil geothermal
systems in the Western and High Cascades was initiated
by the USGS in 1979 and will continue into 1980.

The July 1979 issue of Oregon Geology (v. 41, no.
7) contains a complete listing of all USGS geothermal
research programs relating to the Cascade Range of
Oregon.
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Oregon Institute of Technology

The Geo-Heat Uitilization Center at OIT reports
that under the Federal technical assistance program the
Center can provide up to 100 hours of free geothermal
consultation. The program is intended to provide
assistance to persons with little or no experience in geo-
thermics in order to promote the rapid development of
geothermal resources.

Other studies in which the Center is currently in-
volved include an inventory and study of potential uses
of geothermal resources in Oregon, Washington, Idaho,
Montana, Alaska, and Wyoming; a study for the Bon-
neville Power Administration (BPA) to determine the
potential for additional production of electricity
through the use of geothermal energy in the BPA service
area; an aquaculture project whereby prawns are raised
in geothermal waters from existing wells on the geo-
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Abstracts of Department papers given at 0AS

These abstracts of papers given at the Oregon
Academy of Science, February 23, 1980, at Chemeketa
Community College in Salem, summarize some of the
findings of the Oregon Department of Geology and
Mineral Industries’ current research on low-temperature
geothermal assessment and geothermal potential assess-
ment of the Western and High Cascades.

HEAT FLOW ALONG THE HIGH CASCADE-
WESTERN CASCADE TRANSITION ZONE,
OREGON by George Priest, Joseph Riccio, Neil
Woller, and Don Gest, Oregon Department of Geology
and Mineral Industries, Geothermal Section, 1069 State
Office Building, Portland, Oregon 97201; and Steven
Pitts, School of Oceanography, Oregon State Univers-
ity, Corvallis, Oregon 97331.

Heat flow analysis by DOGAMI indicates that the
Western Cascades-High Cascades transition zone is an
area of anomalously high heat flow. Heat flow generally
increases from the Willamette Valley to the transition
zone where numerous hot springs occur, but no reliable
data have heretofore been available on the east side of
the transition zone. Several 150- to 600-m temperature-
gradient holes have been recently completed by both
DOGAMI and EWEB on the eastern margin of the tran-
sition zone. Preliminary temperature-gradient data indi-
cate that heat flow may decrease both east and west of
the transition zone. Thus: (1) there is a local heat source
under only the transition zone, or (2) convective down-
flow occurs over areas east of the hot springs belt over a
region of high heat flow with convective upflow along
permeable zones at the transition zone. Permeable zones
may correspond to high-angle faults which appear to
control the distribution of hot springs in the transition
zone. Correspondence of a very short-wavelength resid-
ual Bouguer gravity low of regional extent along the
hot-springs belt supports the interpretation of major
high-angle faults in the transition zone. The youthful
age of volcanism in the High Cascades implies a major
heat source beneath the High Cascade axis. These
preliminary findings support model 2; however, the
data are too sparse to disprove any model.

RECONNAISSANCE GEOLOGY OF THE OAK-
RIDGE-WILLAMETTE PASS AREA, CENTRAL
CASCADES, OREGON by David E. Brown, Gary D.
McLean, Don Gest, Neil M. Woller, and Gerald Black,
Oregon Department of Geology and Mineral Industries,
Geothermal Section, 1069 State Office Building,
Portland, Oregon 97201.

Reconnaissance mapping of bedrock units and
structures in the Oakridge-Willamette Pass area defines
the extent of several geologic units. Included are the Oli-
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gocene to Miocene Little Butte Volcanics, a widespread
Miocene (?) rhyolite sequence, the Miocene to Pliocene
Sardine Volcanics, a Pliocene to Pleistocene High Cas-
cades dacite sequence of limited areal extent, and the
Pliocene to Pleistocene High Cascades andesitic lavas.
Two major trends of high-angle faults were mapped.
One is aligned in a north 5° to 35° west orientation, and
the second, and more minor, is aligned north 5° to 45°
east. No obvious difference of trends is noted on oppo-
site sides of the Eugene-Denio lineament, which bisects
the study area along Kittson Ridge in an approximate
north 45° west trend. Of major interest are several
lineaments recognizable on SLAR and Landsat imag-
ery. These lineaments, reflected on the surface by
pyritization and parallel high-angle faulting, appear to
be closely associated with hot springs and hydrothermal
alteration. [J

Major Public Lands Map of Oregon now
available from Forestry Department

The multi-colored 1:1,000,000 scale Major Public
Lands Map is now available for distribution. The map is
available with and without the State Forest Protection
District boundaries.

The print includes ten ownership/administration
classes, including Board of Forestry, State Land Board,
State Parks, State Fish and Wildlife, U.S. Forest Ser-
vice, Wilderness Area, National Parks, National
Wildlife Refuge, Bureau of Land Management, and
Lands Managed by Agreement by OSFD. BIA/Tribal
Trust Lands will also be noted but have private
designation.

The price has been set at $1.25 each. Bulk lots of
1,000 or more will be sold at $.85 each ($850/1,000).
Please submit purchase order or payment as follows:
1. Send to: Oregon State Forestry Department

2600 State Street
Salem, OR 97310
2. Write order stating type of map and number
requested. [J

(Geothermal exploration, from p. 68)

thermally heated OIT campus; and a cooperative proj-
ect with Oregon State University in which a greenhouse
is heated by waste waters from the OIT campus heating
system, enabling year-round growth of flowers and
vegetables. [
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Ausmus enters Federal service

Standley L. Ausmus, Supervisor of the Mined
Land Reclamation Program of the Oregon Department
of Geology and Mineral Industries since 1974 (see
Oregon Geology, v. 41, no. 11, p. 182), left the Depart-
ment to become Program Director, Abandoned Mined
Lands, Office of Surface Mining, U.S. Department of
the Interior, Denver, Colorado, on March 3, 1980.
There he will serve as principal staff officer for Federal
reclamation programs in the Regional Office of Surface
Mining. In this capacity, he will provide information on
the reclamation of Federal lands and the conduct of the
Federal reclamation programs to governmental agen-
cies, industry, and the public. Among his other respon-
sibilities will be the development of guidelines for the
evaluation of various Federal projects such as those
related to (1) the protection of life, health, and property
from the adverse effects of coal-mining practices, and
(2) the restoration of land and water degraded by
previous coal-mining practices.

During his years with the Oregon Department of
Geology and Mineral Industries, the Mined Land Recla-
mation Program came into being, and Ausmus worked
in its administration to develop standards and pro-
cedures based on actual field case histories and experi-
ences. The result is a program whose procedures are
keyed to Oregon’s rather unique reclamation needs. The
standards and procedures address reclamation prac-
tices, cooperation with other agencies, and land-
resource constraints.

The present body of law relative to surface mined
land reclamation has been evolving under Ausmus’
guidance, and the Department is now promulgating
rules and regulations formalizing the administration of
the Mined Land Reclamation Act (see p. 54 in the
March 1980 issue of Oregon Geology). [

DOE issues airborne geophysical surveys

The Grand Junction, Colorado, Office, U.S. De-
partment of Energy (DOE) has placed on open file two
aerial geophysical surveys that include parts of Oregon.

Report GJBX-10(80) is an aerial gamma-ray and
magnetic survey including the Boise quadrangle, Ore-
gon/Idaho. Report GJBX-20(80) is an aerial radio-
metric and magnetic survey of the Oregon part of the
Klamath Falls quadrangle. The surveys were flown by
helicopters during 1978 and 1979 and serve to detect and
assess uranium resources.

Both reports are available for inspection at the
Portland office of the Oregon Department of Geology
and Mineral Industries. [J
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AAPG 1980 convention to be held
in Denver

“What’s New — Advances in Exploration Science” is
the theme for the 65th Annual Convention of the
American Association of Petroleum Geologists and its
divisions, the Society of Economic Paleontologists and
Mineralogists, the Energy Minerals Division, and the
Division of Professional Affairs, to be held June 8-11,
1980, in Denver, Colorado.

The three-day technical program comprises over 50
sessions and includes such topics as Petroleum Geology
of China, Stratigraphic Geophysics, Heat Flow and
Petroleum Generation/Maturity in Relation to Plate
Tectonic Settings, World-Wide Thrust Belt and Fore-
land-Basin Exploration, Tidal and Near-Shore Sedi-
ments and Processes, Petroleum Potential of Deep-Sea
Fans, Nuclear Fuels, and Deep Continental Drilling.
Poster sessions, short courses, and field trips round out
the program. The fifteen field trips include visits to the
Wyoming-Utah-Idaho thrust and fold belt and to many
of the alternate energy sources in the Rockies.

Of special interest for OSU graduates will be the
OSU Alumni Party on Monday, June 9, 5:30-7:30 p.m.,
at the Denver Hilton Hotel. The party is being organ-
ized by Clint Goodwin (M.S. 1972), Bill Hanson (Ph.D.
1976), and Jill Schlaefer (M.S. 1978). Those in atten-
dance will have an opportunity to meet OSU Geology
Department Chairman Robert S. Yeats and other OSU
faculty members. A sign-up sheet will be at the Alumni
Activities Desk in the registration area. [
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Fossil bear tracks in Lake County, Oregon

by Earl L. Packard and Ira S. Allison, Emeriti Professors of Geology, Oregon State University, Corvallis, Oregon

ABSTRACT

A series of large, five-toed mammal tracks exhibit
two undivided foot pads, three distinct anterior claw
marks, and two widely divergent outer-claw positions
on the forward imprint on a consolidated mudflow
deposit in Lake County, Oregon. The tracks evidently
were made by a huge extinct bear, comparable in size to
the widely occurring Arctotherium. Their age is prob-
ably Pliocene or early Pleistocene.

Local residents years ago discovered a series of
mammalian tracks and reported them to Luther S.
Cressman, University of Oregon archeologist, who in
turn led us to the find, where we made measurements
and took plaster casts. The tracks occur about 500 ft
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(150 m) south of the north line of the NE% sec. 20,
T. 39 S., R. 18 E., about 15 mi (24 km) west of Lake-
view, Oregon, at an elevation of about 5,000 ft
(1,500 m) above sea level.

GEOLOGY

The region is a faulted terrain composed mainly of
Cenozoic volcanic rocks (Walker, 1973). The fossil
track locality is a gently sloping rock surface beside a
shallow, intermittent stream channel. The rock im-
mediately underlying the tracks is a coarse-grained, in-
durated mudflow composed of angular particles as
much as several centimeters in diameter and set in a
fine-grained tuffaceous matrix. The bed dips 16°

4

Figure 1. Two plaster casts of the best preserved
tracks. The scale is in inches.
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westerly and strikes N. 15-20° W. Differential weather-
ing of the mudflow has produced a small-scale rough-
ness and mutilated part of the tracks. The tracks were
preserved by an original claw-mark filling and a cover
of easily weathered, brown, silty material about 2 in.
(5 cm) thick, possibly a basaltic ash fall, part of which
remains in some tracks. Still coarser mudflows underlie
the fossil bed. Above it are finer grained, light-colored,
tuffaceous sandstones and siltstones with fluviatile
cross-bedding.

THE TRACKS

The fossil tracks form an alternating series of foot-
prints extending northwesterly for a distance of about
15 ft (5 m), beyond which the tracks become faint, show
a few possible claw marks, then turn left downdip for
about 12 ft (4 m), and seem to pass under a rocky ledge
about 3 ft (1 m) thick. The tracks are spaced about
50 in. (125 c¢cm) apart, indicating a stride considerably
greater than that of a man. They are 16 in. (40 cm) apart
laterally —clearly those of a large animal. The main
prints on each side are double oval-shaped impressions
of the soles of the feet. The anterior of each pair also
has three central claw marks and a smaller claw mark on
each side (Figure 1). There is no suggestion of any toe
pads.

The maximum depth of the imprints as measured in
the field is about 1.2 in. (30 mm). The claw marks are ir-
regular holes, somewhat modified by weathering, as
much as 1 in. (25 mm) deep, with steep posterior mar-
gins which indicate their origin from claws rather than
from the ends of toes or from hoofs. The anterior track
is slightly larger than the posterior. The absence of claw
marks on the posterior track is interpreted to indicate
that the hind foot overstepped the forefoot in walk-
ing—a habit of bears.

The position of the claw marks complicate the iden-
tification of the responsible animal species. The central
one of the three evenly spaced claw marks, spaced about
3 in. (75 mm) in front of each anterior foot-pad impres-
sion, denotes the axial line of the foot. The other two
forward claw imprints diverge from the central axis con-
sistently by about 35° and therefore are not from ac-
cidental spreading of the toes. The positions of the two
lateral claw marks are especially puzzling, as they
diverge by about 80° from the axis of the foot.

The lengths of the toes indicated by the tracks cor-
respond closely to the toe bones known from the large
extinct fossil bear Arctotherium, the only known
Pliocene or Pleistocene mammal capable of making
such tracks. To our knowledge, however, the amount of
spreading of the toes of any arctothere has not been
determined. The imprints are larger than those of living
bears or extinct true ursids.
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POSSIBLE AFFINITIES

The short-faced arctotheres diverged from true ur-
sids in early Cenozoic time. They are represented in the
Miocene of Eurasia by Hyaenarctos and in the Pliocene
by Indoarctos. Related forms migrated to South
America during late Pliocene and Pleistocene time. An
Indoarctos possibly occurs in the Pliocene Rattlesnake
Formation of the John Day Valley of central Oregon,
where it was named Indoarctos? oregonensis by Mer-
riam, Stock, and Moody (1916). The Rattlesnake fossils
include teeth, limb bones, a fifth metacarpal, a second
metatarsal, and several phalanges.

Arctotherium is known from the Rancho La Brea
deposits of mid-Pleistocene age (Merriam, 1911); the
Potter Creek Cave of Northern California (Cope, 1879,
1891); the Port Kennedy Fissure, Pennsylvania (Cope,
1879); and the Yukon (Lambe, 1911). Measurements of
several foot bones from the Rancho La Brea and Potter
Creek Cave deposits, as given by Merriam and Stock
(1925), indicate foot sizes suited to make the Lake
County bear tracks.

Because the arctothere foot structure is not fully
known, no species reference for the bear that left these
tracks is possible at this time.
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USGS leaflet explains Richter, Mercalli earthquake scales

A leaflet explaining how the severity of an earth-
quake is expressed by two commonly used but highly
different methods—the Richter scale and the modified
Mercalli intensity scale —has been published by the U.S.
Geological Survey (USGS), Department of the Interior,
and is available for public distribution.

The leaflet, written in nontechnical terms, is part of
a series of popular publications prepared by the USGS
to answer inquiries about a variety of earth science sub-
jects. It was prepared to help clarify confusing concepts
related to the measurement of earthquakes. Earth-
quakes can be measured in terms of either the energy
released (magnitude) or the effects (intensity). The
former is based on instrument recordings; the latter on
personal observations. The two methods, expressed by
highly differing scales, are often confused by the public.

Single copies of the 15-page illustrated leaflet, titled
“The Severity of an Earthquake,” may be obtained free
upon request from the U.S. Geological Survey’s Branch
of Distribution, 1200 South Eads St., Arlington, Va.
22202.

A few “briefs” from the leaflet:

e The intensity of an earthquake is based on observed
effects of ground shaking on people, buildings, and
natural features. It varies from place to place
within the disturbed region depending on the loca-
tion of the observer with respect to the earthquake
epicenter. Intensity is expressed by the modified
Mercalli intensity scale.

e The magnitude of an earthquake —expressed by the
Richter scale—is related to the amount of seismic
energy released at the focal depth of an earthquake.
It is based on the amplitude of earthquake waves
recorded on instruments which have a common
calibration.

e Earthquakes are the result of forces deep within the
Earth’s interior. The energy from these forces is
stored in a variety of ways within the rocks. When
this energy is released suddenly, for example, by
shearing movements along faults in the Earth’s
crust, an earthquake results. The area of the fault
where the sudden rupture takes place is called the
focus or hypocenter of the earthquake. The point
on the Earth’s surface directly above the focus is
called the epicenter of the earthquake.

e Seismic waves, earthquake vibrations that travel

through the Earth, are recorded on instruments
called seismographs. The instruments record a zig-
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zag trace that shows the varying amplitude of
ground oscillations beneath the instrument. Sen-
sitive seismographs, which greatly magnify these
ground motions, can detect strong earthquakes
from sources anywhere in the world. The time,
location, and magnitude of an earthquake can be
determined from the data recorded by seismograph
stations.

The Richter scale was developed in 1935 by Charles
F. Richter, the California Institute of Technology.
On his mathematical scale, which is open-ended,
magnitude is expressed in whole numbers and deci-
mals. For example, a magnitude 5.3 might be com-
puted for a moderate earthquake, and a strong
earthquake might be rated as magnitude 6.3.
Because of the logarithmic basis of the scale, each
whole number increase in magnitude represents a
tenfold increase in measured amplitude; thus, as an
estimate of energy, each whole number step in the
scale corresponds to the release of about 31 times
more energy than the amount associated with the
preceding whole number value.

Earthquakes with magnitude of about 2.0 or less
are usually called microearthquakes; they are not
commonly felt by people and are generally re-
corded only on local seismographs. Events with
magnitudes of about 4.5 or greater —there are
several thousand such shocks annually —are strong
enough to be recorded by sensitive seismographs all
over the world. Great earthquakes, such as the 1906
San Francisco earthquake and the 1964 Good Fri-
day earthquake in Alaska, have magnitudes of 8.0
or higher. On the average, one earthquake of such
size occurs somewhere in the world each year.
Although the Richter scale has no upper limit, the
largest known shocks have had magnitudes in the
8.8 to 8.9 range.

The Richter scale is not used to express damage. An
earthquake in a densely populated area which
results in many deaths and considerable damage
may have the same magnitude as a shock in a
remote area that does nothing more than frighten
wildlife.

The modified Mercalli intensity scale is composed
of 12 increasing levels of intensity that range from
imperceptible shaking to catastrophic destruction
designated by Roman numerals (I to XII). It does
not have a mathematical basis; instead, it is an arbi-
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trary ranking based on observed effects. The
modified Mercalli intensity scale provides a more
meaningful measure of severity to the nonscientist
than magnitude because it refers to effects actually
experienced.

The following is an abbreviated description of the
12 levels of the modified Mercalli intensity scale:

Not felt except by a very few under especially
favorable conditions.

Felt only by a few persons at rest, especially on up-
per floors of buildings.

Felt quite noticeably by persons indoors, especial-
ly on upper floors of buildings. Many people do
not recognize it as an earthquake. Standing motor
cars may rock slightly. Vibration similar to the
passing of a truck. Duration estimated.

Felt indoors by many, outdoors by few during the
day. At night, some awakened. Dishes, windows,
doors disturbed; walls make cracking sounds. Sen-
sation like heavy truck striking building. Standing
motor cars rocked noticeably.

Felt by nearly everyone; many awakened. Some
dishes, windows broken. Unstable objects over-
turned. Pendulum clocks may stop.

Felt by all, many frightened. Some heavy furni-
ture moved; a few instances of fallen plaster.
Damage slight.

Damage negligible in buildings of good design and
construction; slight to moderate in well-built ordi-
nary structures; considerable damage in poorly
built or badly designed structures; some chimneys
broken.

Damage slight in specially designed structures.
Considerable damage in ordinary substantial
buildings with partial collapse. Damage great in
poorly built structures. Fall of chimneys, factory
stacks, columns, monuments, walls. Heavy furni-
ture overturned.

Damage considerable in specially designed struc-
tures; well-designed frame structures thrown out
of plumb. Damage great in substantial buildings,
with partial collapse. Buildings shifted off
foundations.

Some well-built wooden structures destroyed;
most masonry and frame structures destroyed
with foundations. Rails bent.

Few, if any, (masonry) structures remain stand-
ing. Bridges destroyed. Rails bent greatly.
Damage total. Lines of sight and level are dis-
torted. Objects thrown into the air. [J

Geothermal Resources Council annual
meeting set for September

The Geothermal Resources Council’s 1980 annual
meeting will be held September 9-11, 1980, at the Hotel
Utah, Salt Lake City, Utah. There will be three days of
technical, poster, and special sessions, along with com-
mercial and educational exhibits, optional luncheons, a
special Alpinefest banquet, and a guests program. In
addition, both pre- and post-meeting trips have been
scheduled. Interesting special sessions will be devoted to
particular topics, such as direct applications of geother-
mal resources and hot dry rock geothermal energy.

The meeting is intended to provide a forum for ex-
change of new and significant information on all aspects
of the development and use of geothermal resources.
Papers are solicited for both the technical and poster
sessions, and if accepted, will be printed in the Transac-
tions of the Geothermal Resources Council. Deadline
for submission of papers in the special summary format
required by the Council is Tuesday, May 27, 1980.

For more information, contact Geothermal
Resources Council, 1980 Annual Meeting Program,
P.O. Box 98, Davis, CA 95616, phone: (916) 758-2360.

O

GSOC luncheon programs announced

The Geological Society of the Oregon Country an-
nounces the following luncheon program schedule. All
luncheon programs will take place at noon in Room A
adjacent to the cafeteria on the third floor of the Stan-
dard Plaza Building, 1100 SW 6th Ave., Portland.
April 18 Subject: Hydroelectric power

installations at the Bull Run
Dams
Speaker: James L. Doane, Manager,
Bureau of Hydroelectric Power,
City of Portland
The State of Oregon
Department of Geology and
Mineral Industries
Speaker: Dr. John D. Beaulieu, Deputy
State Geologist
Subject: The Western Forestry Center
Speaker: Penny Wrobel, Membership
Manager, Western Forestry
Center
Natural history of Steens
Mountain
Speaker: Donald D. Barr, biologist-
naturalist.

For further information, contact the luncheon pro-

gram chairperson, Viola L. Oberson, phone 282-3685.
O
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May 2 Subject:

May 16

June 6 Subject:
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To our readers:

On March 27, 1980, Mount St. Helens, located ap-
proximately 35 air miles northeast of Portland in the
southwest corner of Washington State, began erupting.
The volcano has subsequently been monitored by staff
of the U.S. Geological Survey housed in the U.S. Forest
Service Headquarters in Vancouver, Washington.

The activity of the volcano is of practical and pro-
fessional interest to a variety of other persons and agen-
cies including the Emergency Services and Geology De-
partments of Oregon and Washington, utilities, and
university geology staffs.

The Oregon Department of Geology and Mineral
Industries maintains an interest in the volcano from the
standpoint of public safety via coordination with the
Oregon Division of Emergency Services and the U.S.
Geological Survey. The Oregon National Guard, flying
at the request of the Oregon Department of Geology
and Mineral Industries, kindly provided the imagery
and some of the photographs included in this issue.

The Department plans to pursue no scientific in-
vestigation of the volcano, as that is more appropriately
handled by other groups. To address our readers’-in-
terest in this first volcanic activity in the Pacific North-
west in over a century, however, we will endeavor to
make information available as seems appropriate in the
future.
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Mount St. Helens—an aerial view

by Charles L. Rosenfeld, Assistant Professor of Geography, Department of Geography, Oregon State University,

Corvallis, Oregon

After a call from Oregon’s State Geologist Donald
A. Hull, the Oregon Army National Guard initiated
aerial surveillance activity over Mount St. Helens vol-
cano, Washington (Figure 1), as it began erupting dur-
ing the afternoon of March 27, 1980. Employing both
aerial photography and thermal mapping equipment,
the OV-1 (Mohawk) aerial surveillance planes of the
Guard’s 1042 MICAS have provided data to the Oregon
Department of Geology and Mineral Industries
(DOGAMI) and U.S. Geological Survey (USGS) scien-
tists. While more definitive accounts of this volcanic
event are being prepared, it is hoped that this initial ac-
count can provide some interesting perspectives.

The first activity sighted was the formation of an
explosion crater, flanked by numerous impact craters
and accompanied by ash trailing off to the southeast.
The initial crater, located north of the peak, was
bounded by two east-west trending fracture zones
(Figure 2). While no steam or vapors were visible after
the initial discharge, the thermal infrared live scanner
aboard the aircraft revealed more than ten gas vents or
fumaroles (Figure 3).

By March 30, continued phreatic discharges
(ground water explosively flashed into steam) had sig-
nificantly enlarged the original crater and given birth to
a new, smaller crater 100 m (300 ft) to the east. Signifi-
cant ash fall littered the areas east of the activity, and
continuing seismic activity along with thermal melting
triggered a series of debris avalanches on the southeast
flank of the volcano (Figure 4).

Harmonic earthquake tremors, possibly indicating
movemeént of magma, were sporadically reported by the
University of Washington Geophysics Program
throughout the first week of activity. Phreatic erup-
tions, such as the one shown in Figure 5, yielded ash fall
over a wide.area. While estimates of ash fall over Port-
land’s Bull Run Watershed reached 55 tons per square
mile, the ash was residual pyroclastic material, leached
of most solubles and composed mainly of plagioclase
feldspar, and was therefore expected to have no signifi-
cant acidic impact on the Portland water supply. Juve-
nile ash, by contrast, could have a considerable sulfur
content and therefore an acidic potential.

Activity in the initial crater continued, gradually
enlarging it until the wall of the smaller east crater
was breached, as shown in the April 4th photograph
(Figure 6). The cratered area, now extending the full 510
m (1,700 ft) width between the flanking fracture zones,
has subsided significantly, indicating a “graben” struc-
ture. Figure 7 is a stereopair of vertical aerial
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photographs showing the fracture structure of the
cratered area as of April 4, 1980. Thermal infrared im-
agery continues to show relatively localized “hot spots”
within the crater, while indicating general, low-level
heating of the entire adjacent area.

The first two weeks of eruptive activity have en-
abled the scientific community to learn quite a bit about
the behavior of Mount St. Helens, described by
Crandell and Mullineaux (1978) as “more active and
more explosive during the last 4,500 years than any
other volcano in the conterminous United States.”

(Additional figures appear on following four pages.)

REFERENCE CITED

Crandell, D.R., and Mullineaux, D.R., 1978, Potential
hazards from future eruptions of Mount St. Helens
volcano, Washington: U.S. Geological Survey
Bulletin 1383-C, 26 p.

Figure 1. Index map of Washington and Oregon
showing locations of Mount St. Helens and other
volcanoes.
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Figure 2. Vertical photo of the initial explosion crater, March 27, 1980, 2 p.m. Fracture zones indicate tensional

rift.

Figure 3. Thermal infrared image of the same area, showing the initial crater, March 27, 4:15 p.m. Numerous
Jumaroles (gas vents) are clustered along the floor of the crater.




Figure 4. Panoramic view of the southeast flank of the mountain, March 30, 11:30a.m. Note numerous debris
avalanches.

Figure 5. Phreatic eruption, April 2, between 8:30 and 9 a.m., viewed from the northwest.




Figure 6. Crater viewed from the northwest, April 4, 1980.

Suggested reading about Mount St. Helens volcano, Washington

Some of these publications are available at
local libraries or bookstores. USGS publications
are sold through the USGS Public Inquiries
Office, Room 678, U.S. Courthouse Building,
W. 920 Riverside Ave., Spokane, WA 99201.

Crandell, D.R., and Mullineaux, D.R., 1973, Pine
Creek volcanic assemblage at Mount St. Helens,
Washington: U.S. Geological Survey Bulletin
1383-A, 23 p.

— — —1978, Potential hazards from future erup-
tions of Mount St. Helens volcano, Washing-
ton: U.S. Geological Survey Bulletin 1383-C,
26 p.

Crandell, D.R., Mullineaux, D.R., and Rubin,
Meyer, 1975, Mount St. Helens volcano; recent
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p. 438-441; reprinted by permission in Oregon
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Calif., McGraw-Hill, 394 p.
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Figure 7. Stereopair of vertical photographs of the crater area, April 4, 1980.
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§ THE DEVELOPMENT OF A CRATER,  MOUNT ST. HELENS VOLCANO, 1980 ',

ﬁ,

%ount St. Helens before eruptions began. April 2, 1980, 7:45 a.m. Two craters are merging
into one. -
Photo courtesy Jim Vincent, The Oregonian Photo courtesy Jim Vincent, The Oregonian
March 27, 1980, 2 p.m. . April 4, 1980, 11:30 a.m.
Note ash surrounding  Crater is continuing
single crater. _» lo enlarge.
Photo courtesy Michael Lloyd, The Oregonian Photo coﬁﬂesy Dale Swanson, The Oregonian

Photo courtesy Randy Wood, The Oregonian Photo courtesy Dale Swanson, The Oregonian

March 30, 1980, 8 a.m.

== April 10, 1980, 9 a.m.
Two craters have forme_ci -
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National Earthquake Prediction
Evaluation Council established

A National Earthquake Prediction Evaluation
Council was established in January 1980 to aid the
director of the U.S. Geological Survey (USGS), Depart-
ment of the Interior, in issuing any formal predictions
of earthquakes.

The Council, to be composed of not less than eight
federal and non-federal earth scientists, will review data
collected by other scientists and recommend to the
USGS director whether a formal earthquake prediction
or advisory is warranted.

Speaking at a conference on earthquake prediction
held in January in Los Angeles, Robert Wesson, Chief
of the USGS Office of Earthquake Studies, Reston,
Va., described the establishment of the Council as
another step toward making earthquake prediction both
a scientific and useful reality.

“Hard scientific predictions that spell out when,
where, and how large an earthquake is expected are still
several years away,” Wesson said. “In the interim,
however, the Council can play an important role in
helping to analyze, interpret, and place in proper per-
spective significant geophysical data that may come to
light.

“The final responsibility for whether and in what
manner a prediction will be issued will rest with the
USGS director,” Wesson said, “but the Council will
assure that the best outside expertise is always available
to the USGS, and that an orderly process exists to help
evaluate the data and their interpretation.”

Establishment of the Council implements both the
provisions of the Earthquake Hazards Reduction Act
of September 1977 and a plan developed by a White
House working group that called for expanded member-
ship of an earlier prototype USGS panel. The Council
was formally approved by Secretary of the Interior Cecil
D. Andrus on August 9, 1979.

The Council is expected to focus its efforts on
potentially destructive earthquakes which generally are
those of magnitude 5.5 or greater on the Richter Scale.
Data for smaller earthquakes also will be reviewed to
establish a “track record” for prediction techniques.

Chairman of the Council is Clarence Allen of the
California Institute of Technology. Wesson will serve as
vice-chairman, and another USGS scientist, Jerry
Stephens (Reston, Va.), will serve as executive secretary
and a non-voting member. USGS geophysicists named
to the Council are C. Barry Raleigh, Robert E. Wallace,
James C. Savage, and David P. Hill, all from the USGS
Western Regional Research Center, Menlo Park, Calif.,
and Eric R. Engdahl, USGS Denver, Colo., Federal
Center. Non-federal Council members are Keiiti AKi,

Massachusetts Institute of Technology; T. Neil Davis,
University of Alaska; Thomas V. McEvilly, University
of California, Berkeley; and Lynn R. Sykes, Columbia
University.

As part of its role in advising the USGS director,
the Cauncil may also consider the crucial question of
how to release earthquake predictions and warnings in
such a way to allow constructive response by state and
local officials.

Under terms of the charter, a prediction is defined
to mean a statement on the time of occurrence, location,
and magnitude of a future significant earthquake based
on qualification or evaluation of the uncertainty of
those factors. If the USGS director decides to issue a
prediction, or an advisory or negative evaluation of a
prediction, the first people to be notified are the director
of the Federal Emergency Management Agency, the
Secretary of the Department of the Interior, and the
governors of states affected by the predicted earth-
quake. OJ

Interior Department issues temporary regs
for hardrock mining on public lands

Temporary regulations that govern hardrock min-
ing on public lands still subject to the Bureau of Land
Management’s (BLM) wilderness review have been
issued by the Department of the Interior.

The final regulations are nearly identical to the pro-
posed regulations except for two changes. First, the
“grandfather clause” has been amended to allow mining
and grazing uses as of October 21, 1976, to continue to
expand in a logical fashion, even if they impair wilder-
ness values. This means, for example, that a change
from mineral exploration to production would be al-
lowed if added impacts are not significantly different.

Second, development will be allowed on mining
claims on which a valid discovery was made on or
before October 21, 1976. However, such development
will be subject to measures preventing unnecessary deg-
radation of the public land.

The regulations will be in effect only temporarily,
until other proposed rules become final. However, it
was necessary to implement the temporary regulations
to avoid impairment of wilderness suitability.

The regulations concern only such minerals as gold,
silver, lead, zinc, and other minerals considered locat-
able under the General Mining Law of 1872, as
amended. They do not affect leasable or “common vari-
ety” minerals such as sand and gravel.

The BLM regulations are similar to those effected
by the Forest Service in 1974. (]
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Miocene stratigraphy and fossils, Cape Blanco, Oregon

by Warren O. Adicott, U.S. Geological Survey, Menlo Park, California 94025

INTRODUCTION

Seacliff exposures of marine sandstone on the
southwest Oregon coast near Cape Blanco (Figure 1)
contain fossil mollusks, echinoids, and barnacles of
Miocene age. Fossil assemblages from the lower part of
the Miocene sequence are correlated with the early and
middle Miocene fauna of the Astoria Formation of the
Newport embayment 200 km to the north. Assemblages
that occur above an angular unconformity near the mid-
dle of this sequence are comparable to the late Miocene
fauna of the Empire Formation of the Coos Bay area
about 60 km to the north. Poorly preserved bivalves
near the top of the sequence appear to represent a still
younger faunal unit contemporaneous with the upper
part of the Montesano Formation of Fowler (1965) of
western Washington.

The Miocene sequence is in a relatively thin marine
section that represents the most complete late Cenozoic
sequence exposed on the Oregon coast. The Pliocene
Epoch is not represented, but two and possibly three
Miocene megafaunal stages are present—the Newport-
ian, Wishkahan, and Graysian Stages (Addicott, 1976)
—and there is a well-developed Pleistocene section
(Baldwin, 1966; Allison and others, 1962).

The purpose of this report is to summarize briefly
the stratigraphic occurrence of the Miocene molluscan
faunas and to illustrate some of the more common and
biostratigraphically significant species. I am indebted to
Richard Janda for assistance in the field and to Janda,
E.J. Moore, and J.A. Barron for technical comments.
Fossil photography is by Kenji Sakamoto.

EARLIER WORK

The aée of the fossiliferous late Tertiary sandstone
at Cape Blanco has been a subject of interest, and at
times controversy, over the past 120 years. These strata
were first noted by Newberry (1856), who compared
them with marine beds exposed at Astoria, Oregon.
Diller (1902, 1903) mapped and described the Neogene
sequence at Cape Blanco. His fossil collections from
near Blacklock Point and southeast of Cape Blanco sug-
gested correlation with the Empire Formation of the
Coos Bay area (Dall in Diller, 1902).

Controversy over the age of these beds arose from a
stratigraphically mixed collection of invertebrates from
southeast of Cape Blanco (Arnold and Hannibal, 1913,
loc. NP26). This collection was considered to be of mid-
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dle Miocene age but younger than the fauna of the
Astoria Formation. It spanned 200 m or more of section
and included molluscan assemblages from what are now
known to be two provincial stages, the Newportian and
Wishkahan. Subsequently, these strata were considered
to be as old as Oligocene (Kew, 1920) and as young as
Pliocene (Schenck, 1928; Bandy, 1950). These conflict-
ing views were due, in part, to the composite strati-
graphic collection. Clarification finally came when an
unconformity was found in the Miocene section south-
east of Cape Blanco (Durham, 1953). Arnold and Han-
nibal’s collection had come from both above and below
the unconformity.

Figure 1. Index map showing location of Cape
Blanco and Miocene sections described in this report.
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STRATIGRAPHIC SETTING

The stratigraphic sequence and structure of Ceno-
zoic units near Cape Blanco are complex. Lower and
middle Miocene sandstone rests unconformably on
Eocene shale and sandstone (Bandy 1944) in the sea-
cliffs southeast of Cape Blanco. In this seacliff section,
the lower and middle Miocene unit is unconformably
overlain by upper Miocene sandstone and siltstone
which, in turn, are unconformably overlain by the Pleis-
tocene Port Orford Formation of Baldwin (1945), a unit
rich in molluscan fossils. There is an angular uncon-
formity within the Port Orford Formation. Noteworthy
in these Pleistocene strata are the diverse accumulations
of Psephidia (see Clifton and Boggs, 1970), a minute
bivalve that forms prominent white strata near the
mouth of Elk River. At Cape Blanco proper, upper
Miocene sandstone rests unconformably on Upper
Jurassic sandstone and pebbly mudstone (Dott, 1971).
Unconformably capping all of the older Cenozoic units
at Cape Blanco are marine terrace deposits of late Pleis-
tocene age (Figure 2). Mollusks and a few foraminifers
have been identified from these gently warped strata
(Bandy, 1950; Addicott, 1964; Kennedy, 1978).

The principal exposures of the Miocene section are
in seacliffs about 0.5 km southeast of Cape Blanco and
north of Blacklock Point, about 6 km north of Cape
Blanco. Other exposures occur at Cape Blanco and
several inland localities in the vicinity of Cape Blanco
and nearby Port Orford (Koch, 1966). The most com-

plete and most fossiliferous Miocene section is the
260-m-thick seacliff exposure southeast of Cape Blanco
which extends from Fin Rock east-southeastward to
Goldwasher’s Gully. This section (Figure 3) serves as the
framework for the stratigraphic and paleontologic
descriptions which follow.

The Miocene sequence at Cape Blanco has been
known as the Empire Formation of Diller (1903). The
Empire Formation was defined for its type section,
massive sandstone exposed between Sitka Dock (SW %
sec. 40, T. 25 S., R. 13 W.) and the bridge (SE Y4 sec. 2,
T. 26 S., R. 14 W) at Charleston, near the mouth of
Coos Bay, Oregon (Weaver, 1945, pl. 9; Armentrout,
1967, p. 62). Unfortunately, use of this name at Cape
Blanco implies correlation with the type Empire Forma-
tion. To avoid possible confusion, an informal name —
sandstone of Floras Lake—is used for the lithologically
distinct lower part of the Miocene sequence that occurs
below the unconformity, and the name Empire Forma-
tion is used for massive sandstone of late Miocene age
that unconformably overlies the sandstone of Floras
Lake (Figure 3).

Sandstone of Floras Lake

This name, a term suggested by R.J. Janda (written
communication, 1976), is based on the continuously ex-
posed section of massive, conglomeratic, and concre-
tionary sandstone exposed between Blacklock Point and
Floras Lake, about 6 to 10 km north of Cape Blanco.

Figure 2. Angular unconformity between massive early and middle Miocene sandstone and flat-lying late
Pleistocene terrace deposits near top of seacliff about 1 km southeast of Cape Blanco. Articulated bivalves in the
terrace deposits are mostly Saxidomus giganteus (Deshayes).
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Figure 3. Diagrammatic section showing strati-
graphic units exposed in seacliffs between Fin Rock and
Goldwasher’s Gully, southeast of Cape Blanco.

Although these strata have been referred to the Astoria
Formation by Moore (1963), an alternative name is ad-
visable because the lithology of this conglomeratic sand-
stone and sandstone unit differs significantly from that
of the type locality of the Astoria Formation at the
mouth of the Columbia River.

The basal part of the Miocene sequence is well ex-
poscd at Fin Rock, but the contact with the underlying
Eocene shale and sandstone is concealed. The lowest
few meters consists of pebble and cobble conglomerate
with scattered barnacle plates and specimens of the
gastropod Nucella. The principal fossiliferous localities
in the sandstone of Floras Lake occur in a 50- to
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60-m-thick interval below a tuff bed situated near the
top of the formation. These concretionary beds are
characterized by abundant specimens of the plicate
mussel Mytilus middendorffi Grewingk. The 7- to
8-m-thick tuff contains poorly preserved fossil leaves of
warm climatic aspect (Wolfe and Hopkins, 1967).
Above the tuff are 30 m of massive carbonaceous and
micaceous sandstone with scattered large flattened con-
cretions. Small, articulated specimens of the bivalve
Spisula albaria (Conrad) are extremely abundant in
these concretions.

Twenty-nine larger marine invertebrates have been
identified in collections made from exposures of the
sandstone of Floras Lake in the seacliff section east of
Cape Blanco (Table 1). The molluscan fauna of this unit
is referable to the Newportian Stage (Addicott, 1976) of
the Pacific Northwest. Species that are restricted to this
stage include the gastropods Molopophorus matthewi
Etherington and Nassarius arnoldi (Anderson) and the
bivalves Macoma flagleri Etherington and Mytilus mid-
dendorffi Grewingk. The age of the Newportian is late
early and middle Miocene in terms of the European
standards (Addicott, 1977).

Correlative faunal assemblages occur at Coos Bay,
60 km to the north, in dredgings from the ship channel
(Moore, 1963), and in an 8-m-thick section of sandstone
on the east shore of Coos Bay (Baldwin, 1966; Armen-
trout, 1967). These Dosinia-rich collections contain a
few specimens of the Newportian species Mytilus mid-
dendorffi Grewingk (USGS loc. 18284). This distinctive
plicate mussel ranged from southern California to the
Gulf of Alaska and possibly to Kamchatka in the west-
ern North Pacific, during the late early and middle parts
of the Miocene (Allison and Addicott, 1976).

The Mytilus-Balanus-Nucella assemblages in the
lower part of the section are indicative of deposition in
an extremely shallow-water environment and proximity
to a rocky shoreline. Pebble conglomerate lenses char-
acteristic of these basal strata are similar to the pebble
gravel that occurs in present-day surf zone sediments of
this area. The disarticulation of these specimens
(Balanus and Mpytilus) and their occurrence in con-
glomerate and pebbly sandstone indicate transport in
the surf and breaker zones; the relatively good preserva-
tion of these invertebrates, however, suggests that at
least some of them were not subjected to prolonged
abrasion and that deposition was probably fairly rapid.

Faunal diversity increases markedly upsection with
the appearance of many gastropods and sand-dwelling
bivalves. Nucella and Mytilus are joined by the bivalves
Spisula and Macoma and the gastropods Bruclarkia and
undetermined naticoids. The increase in diversity,
together with the appearance of Katherinella and Den-
talium, suggests deepening to about 10 to 20 m in the
middle and upper parts of the section southeast of Cape
Blanco.



Table 1. Marine fossils from the Miocene sequence east of Cape Blanco, Oregon
[x, present; cf., similar form; aff., comparable but specifically distinct; sp., species not determinable;
?, identification doubtful]

Localities

Sandstone of Floras Empire Formation
Lake (restricted)
Spccics M4687 M2142 M4126 M4135 M4136 M4690 M2140 M214]1 M4124 M4125 M4133 M4134 M4225

Gastropods:
Acmaea sp. e U s S
Bruclarkia oregonensis (Conrad) X X X X
Cancellaria n. sp.? aff. C. alaskensis Clark - - = =
Cancellaria cf. C. ocoyana Addicott - - = =
Crepidula adunca Sowerby e
Crepidula cf. C. onyx Sowerby N
Crepidula praerupta Conrad — e i e K e omm e mm e e e e
Crepidula rostralis (Conrad) o K e e Ew v mR we e S e e e
Cryptonatica cf. C. clausa (Broderip and Sowerby) — — — —- — — — X —- — — 7 -—
Cryptonatica oregonensis (Conrad) X — = 8§ = = = = = = = = -
Littorina petricola (Dall) T I R S R R e
Mediargo sp. e T R R T
Megasurcula sp. LS s AS
Molopophorus cf. M. anglonanus (Anderson) sp. X — = X
Molopophorus bogachieli (Reagan) S —

X

o o

I

I

I
o
™

I

Molopophorus matthewi Etherington - X x -

Nassarius cf. N. andersoni (Weaver) - - = =

Nassarius arnoldi Anderson - - = = =
Natica cf. N. clarki Etherington - - X - -
Nucella canaliculata (Duclos) - - - - - - X = - X X - X
Nucella etchegoinensis (Arnold) - = =-= = —-— - - x = ¢f - = =
Nucella lima (Gmelin) - - - —- = — cf.¢ef. -— x x x -
Nucella packi (Clark) - x x —-cf - - = - - - - -
Ocenebra sp. - - = - - - = X = = - = -
Olivella cf. O. ischnon Keen X sp. ¢f. — 2?2 sp. = — — — — = =
Opalia wishkahensis Durham - -
Ophiodermella cf. O. olympicensis Addicott - -
Polinices lincolnensis (Weaver) X -
Priscofusus cf. P. medialis (Conrad) - -

o o |
|
I = |
|
|
|
|
|
|
|

Bivalves:

Acila blancoensis Howe e T
Anadara trilineata (Conrad) S S
Clinocardium meekianum (Gabb) I R
Cnesterium aff. C. scissurata (Dall) = e A e R e
Felaniella parilis (Conrad) S = R .
Glycymeris gabbi (Dall) —
Glycymeris grewingki Dall -
Katherinella cf. K. angustifrons (Conrad) —
Lucinoma cf. L. acutilineata (Conrad) —
Macoma cf. M. flagleri Etherington —
Macoma indentata Carpenter L AR Wi ol R AR ee A e R e a e
Macoma secta (Conrad) — ¢, — — — ¢ x — ¢f - - - =
Modiolus sp. - A A
Mpytilus middendorffi Grewingk X —

Pandora sp. —_ - m = = X
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Table 1. Marine fossils from the Miocene sequence east of Cape Blanco, Oregon (continued)

Localities

Sandstone of Floras £mpire Formation
Lake (restricted)
Spccies M4687 M2142 M4126 M4135 M4136 M4690 M2140 M2141 M4124 M4125 M4133 M4134 Ma225

Bivalves (continued)

Securella securis (Shumard) sp. — — — Ssp. — X — X X — X X
Siliqua cf. S. lucida (Conrad) - -
Solen conradi Dall — cf.
Spisula albaria (Conrad) X X
Spisula cf. S. albaria coosensis Howe - - - - - - X = X X x = -
Spisula praecursor Dall - - - = = = = X = = = = =
Spisula cf. S. selbyensis Packard -

Tellina emacerata Conrad x 7
Tellinella merriami (Weaver) - -
Tresus pajaroanus (Conrad) - = = = - - - - X = = = =
Yoldia cf. Y. carnerosensis Clark X X X - X X = = = = = = =
Yoldia cooperi Gabb - - - = = - X = = = = = =

I

I

I

I
»

I
>

I

I

~

E

= =
I
B
|
|
I
|
|
|
|
|

I
I
|
r
I
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|
|
|
|
o

Echinoids:
Kewia blancoensis (Kew) =, S 2 RS NS = (e X e e = e e
Kewia cf. K. blancoensis etheringtoni (Weaver) - - X = = 7 = = = = = = =

Barnacles:
Balanus tintinnabulum coosensis Dall - = == m m = = X = = = = =
Balanus sp. - W e = o R e, R B

Figure 4. Unconformity between sandstone of Floras Lake and overlying sandstone of the Empire Formation
(restricted). View looking north.
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Figure 5. Massive, diatomaceous, sandy siltstone of the upper part of the Empire Formation (restricted)
unconformably overlain by fluvial conglomerate of the Port Orford Formation of Baldwin (1945). Fossil locality
M3755 occurs at base of seacliff about 100 m farther west. View looking north and about 100 m west of Goldwasher’s
Gully. Height of seacliff about 60 m.

The stratigraphically highest exposures southeast
of Cape Blanco (loc. M4135) are micaceous, fine-
grained, thick-bedded sandstone with small articulated
specimens of Spisula and scattered Dentalium. These
sediments probably were deposited in relatively deeper
and quieter waters than stratigraphically lower parts of
the sandstone of Floras Lake.,

In summary, the succession of marine communities
preserved in the 150- to 180-m early and middle Miocene
section southeast of Cape Blanco is suggestive of initial
deposition near the top of the inner sublittoral zone
(0-100 m) with progressive deepening as deposition con-
tinued. However, the 7- to 8-m-thick tuff bed near the
top of the unit that contains fossil leaves (Wolfe and
Hopkins, 1967, p. 70-71) may indicate a brief reversal of
the inferred deepening trend. According to Wolfe (per-
sonal communication, March 1977), the preservation of
these leaf specimens implies transportation in a high-
energy environment. Shoaling in the upper part of the
unit is clearly indicated in the Blacklock Point section
north of Cape Blanco where fluvial gravel occurs strati-
graphically above the tuff bed.

Empire Formation (restricted)

The Empire Formation (restricted), equivalent to

92

the upper part of the Empire Formation of Diller
(1903), is separated from the underlying sandstone of
Floras Lake by an erosional unconformity exposed at
the base of the seacliff about 1.5 km southeast of Cape
Blanco (Figure 4). The channeled surface is accentuated
by subangular blocks of sandstone and fossiliferous
concretions reworked from the underlying unit. These
blocks reach a meter or more in thickness and are rid-
dled with mollusk borings. Invertebrates in this basal
stratum include Chlamys, Securella, and Yoldia, and
the gastropod Cryptonatica.

The Empire Formation at Cape Blanco consists of
about 100 m of massive sandstone and sandy siltstone.
The lowest 35 to 40 m is a massive sandstone unit with
several fossiliferous lenses. The lower 14 to 15 m in-
cludes a 1-m-thick basal conglomerate which is overlain
by more or less massive, concretionary sandstone char-
acterized by lenses of pebble conglomerate. Bedded con-
cretions in this interval contain abundant mollusks of
shallow-water aspect. The stratigraphically higher part
of this massive sandstone unit is less fossiliferous and
contains only scattered lenses of pebble conglomerate.

These strata in turn are overlain by 50 to 60 m of
white- to tan-weathering, silty, very fine-grained sand-
stone and sandy siltstone (Figure 5) containing scattered
molds of bivalve mollusks, especially near the top.
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Commonly occurring mollusks are the bivalves Luci-
noma annulata (Reeve), Macoma cf. M. calcarea
(Gmelin), Nuculana sp., Portlandia sp., Compsomyax
cf. C. subdiaphana (Carpenter), and Cnesterium
scissurata Dall (USGS locs. M3755, M4223).

The Empire Formation (restricted) is unconform-
ably overlain by poorly consolidated conglomerate and
sandstone of the Port Orford Formation of Baldwin
(1945). The angular unconformity between the two for-
mations is well exposed near Goldwasher’s Gully south-
east of Cape Blanco (Figure 6). An intraformational un-
conformity between buff sand and gravel at the base of
the Port Orford and a prominent fluvial gravel that
marks the base of the so-called “Elk River Member” of
the formation is well exposed in the seacliff immediately
southeast of Goldwasher’s Gully (Figure 6).

Mollusks referable to the Wishkahan Stage (Addi-
cott, 1976) occur in the basal conglomeratic sandstone
of the Empire Formation (restricted) at Cape Blanco
and in a 30-m-thick section with three pebbly sandstone
lenses in the lower unit. These late Miocene species are
listed in Table 1. Species restricted to the Wishkahan
Stage include the bivalves Acila blancoensis Howe,
Glycymeris gabbi Dall, Tellinella merriami (Weaver),
and the gastropod Opalia wishkahensis Durham. Other
species that appear in the Wishkahan but range into
younger strata include the gastropods Nassarius cf. N.
andersoni (Weaver), Nucella canaliculata (Duclos), and
Molopophorus bogachieli (Reagan), and two bivalves —
Clinocardium meekianum (Gabb) and Securella securis
(Shumard).

The close identity with the much larger fauna from
the type section of the Empire Formation near the
mouth of Coos Bay, some 50 km to the north (Dall,
1909; Weaver, 1945; Armentrout, 1967), implies that
these two units are contemporaneous, but the mollusks
from the lower part of the type Empire Formation at
Coos Bay seem to represent a generally deeper water
depositional environment. Articulated specimens of
Patinopecten coosensis (Shumard) are especially abun-
dant in sandstone occurring below the Coos Conglom-
erate Member at Coos Bay, but this bivalve does not
occur in the strata exposed near Cape Blanco. The
modern depth distribution of this genus in the eastern
North Pacific is greater than about 20 m. Thus the
fauna of the Empire Formation at Coos Bay is of
somewhat deeper aspect than the intertidal to shallow
subtidal fauna of the Empire Formation (restricted) at
Cape Blanco.

The previously mentioned bivalve assemblage from
the stratigraphically higher, finer grained unit of the
Empire Formation (restricted) at Cape Blanco appears
to be correlative with the Graysian Stage of western
Washington on the basis of a diatom florule of late
Miocene age (North Pacific Diatom Zone 14) from
USGS loc. M3755 near the top of this upper unit (J.A.
Barron, written communication, March 1977). Barron
notes that this diatom zone also occurs in siltstone in the
upper part of the Montesano Formation of Fowler
(1965) in western Washington which is within the type
section of the Graysian Stage.

The sequence of depositional environments repre-

Figure 6. Unconformable contact between the Empire Formation (restricted) and the Port Orford Formation of
Baldwin (1945). West of Goldwasher’s Gully, massive, white-weathering siltstone and silty sandstone are overlain by
buff sandstone and interbedded conglomerate. East of Goldwasher’s Gully, a prominent unconformity separates the
so-called Goldwasher’s Gully Member of the Port Orford Formation from the overlying basal conglomerate of the Elk
River Member of the same formation. View looking northwest.
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sented by the nearly 100 m of Empire Formation
(restricted) that crops out southeast of Cape Blanco
near Goldwasher’s Gully is similar to that of the sand-
stone of Floras Lake. The high-energy, shoreline en-
vironment represented by the fossiliferous basal con-
glomerate of the Empire Formation (restricted) is suc-
ceeded by sandstone and pebble conglomerate contain-
ing mollusk and echinoid assemblages comparable
bathymetrically to those in the middle to upper part of
the sandstone of Floras Lake. The stratigraphically
higher silty sandstones and sandy diatomaceous
siltstones characterized by a low diversity association of
the bivalves Portlandia, Nuculana, Compsomyax,
Lucinoma, and Cnesterium record a middle to outer
sublittoral environment and the greatest depths in the
entire Miocene sequence at Cape Blanco.

DISCUSSION

There is a striking difference in faunal composition
between the two Miocene formations at Cape Blanco
(Table 1). Only one species is common to both units,
and, in almost every case, genera that are common to
both units are represented by entirely different species.
A faunal change of this magnitude reflects either a pro-
found change in environmental facies or a significant
hiatus in the geologic record. Differences in deposi-

tional environments do not seem to account for the
observed faunal change; the similar depth and sedimen-
tary facies of each unit, as well as the similar generic
compositions of the two faunas, rule out this possibility.
It is more likely that the differences are due to the hiatus
represented by the unconformity that separates the two
units.. The time gap cannot be particularly large because
the faunas are referable to successive Miocene ages, the
Newportian and the Wishkahan. There is, however, an
appreciable time span of about 10 m.y. from the base of
the Newportian to the top of the Wishkahan. Possibly
the Newportian fauna of the sandstone of Floras Lake
represents deposition during the earliest part of that age
(range: about 18 to 12 m.y. ago), and the Wishkahan
fauna of the Empire Formation (restricted) represents
deposition during the later part of that age (range:
about 12 to 8 m.y. ago).
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Plate 2. Fossils from the Empire Formation (restricted) =
[Specimens natural size unless otherwise indicated]

Figure

. Crepidula cf. C. princeps Conrad. USNM 264113. USGS loc. M3695.

. Siliqua cf. S. lucida (Conrad), x1Y2. USNM 264114. USGS loc. M4125.
. Macoma indentata Carpenter. USNM 264115. USGS loc. M4125.
. Crepidula adunca Sowerby, x1Y2. USNM 264116. USGS loc. M3965.

. Glycymeris gabbi Dall. USNM 264118. USGS loc. M2139.

. Nucella canaliculata (Duclos), x 3. USNM 264119. USGS loc. M7369.

. Opalia wishkahensis Durham, x1%. USNM 264120. USGS loc. M4134.
9. Nucella lima (Gmelin), x1Y2. USNM 264121. USGS loc. M2141.
10. Acila blancoensis Howe, x1%2. USNM 264122. USGS loc. M2141.
11. Nassarius andersoni (Weaver), x 3. USNM 264123. USGS loc. M7369.
12. Felaniella parilis (Conrad). USNM 264124. USGS loc. M7369.

13, 14. Kewia blancoensis (Kew), x1%2. USNM 264125. USGS loc. M2141.
15. Molopophorus bogachieli (Reagan). USNM 264126. USGS loc. M4125.
16. Kewia blancoensis (Kew), X 1%:. USNM 264127. USGS loc. M4121.
17. Securella securis (Shumard). USNM 264128. USGS loc. M4125.

18. Clinocardium meekianum (Gabb). USNM 264129. USGS loc. M2141.
19. Securella securis (Shumard). USNM 264130. USGS loc. M4124.

1
2
3
4
5. Nucella lima (Gmelin), x1%2. USNM 264117. USGS loc. M4134,
6
7
8

OREGON GEOLOGY, VOL. 42, NO. 5, MAY 1980



PLATE 2.

OREGON GEOLOGY, VOL. 42, NO. 5, MAY 1980



Lawson to supervise Mined Land
Reclamation Program

On April 1, 1980, Paul F. Lawson became new
Supervisor of the Mined Land Reclamation Program of
the Oregon Department of Geology and Mineral Indus-
tries, replacing Standley L. Ausmus, now with the Of-
fice of Surface Mining, U.S. Department of the In-
terior. For two years prior to accepting his new assign-
ment, Lawson was an Environmental Specialist for
DOGAMI, responsible for field enforcement of
Oregon’s Mined Land Reclamation Act.

Paul F. Lawson

Before coming to the Department in April 1978,
Lawson served for twenty years with the U.S. Army,
with responsibilities in organization planning and pro-
gramming, teaching, public relations, statistical re-
search, facilities management, and development and ad-
ministration of training programs. He has a bachelor’s
degree from the University of Illinois and a master’s
degree in earth science teaching from Portland State
University.

Lawson’s new position includes such duties as
supervision of the Mined Land Reclamation Program;
coordination of the Mined Land Reclamation Program
with local, State, and Federal agencies; investigation of
surface mining sites; and review and evaluation of per-
mit applications. [J

MOVING?

Don’t forget to send us your new address.

98

Volunteers needed for tephra
sampling program

The numerous eruptions of Mount St. Helens have
resulted in the deposition of tephra (ash and other air-
borne volcanic material) over large areas of Washington
and Oregon. The Oregon Museum of Science and In-
dustry (OMSI) and the Earth Sciences Department of
Portland State University have jointly begun “Opera-
tion Tephra,” a project designed to study the volume of
material erupted in a volcanic event, the characteristics
of wind-carried material, patterns of distribution, and,
possibly, even something about the geochemistry of the
volcano. The project is beginning with a thorough sam-
ple-collection program over a wide area and could there-
fore utilize the help of many interested and dedicated
volunteers willing to collect carefully, follow proce-
dures, and stay with the program for a minimum of a
month—and longer if possible.

The procedures are relatively simple, as are the
equipment requirements: aluminum foil, a box, ziplock
and paper bags, marking pens, and masking tape.
OMSI has prepared a packet of instructions telling ex-
actly how the sampling is to be done.

Oregon Geology readers interested in participating
in this volunteer sampling program should contact
Bruce Hansen, Operation Tephra, OMSI Research
Center, 4015 SW Canyon Road, Portland, OR 97221,
phone (503) 248-5944. [

(Miocene fossils, from page 97)

Formation in Oregon: U.S. Geological Survey Professional Paper
419, 109 p., 33 pls.

Newberry, J.S., 1856, Report upon the geology of the route [William-
son’s survey in California and Oregon]: U.S. Pacific Railroad
Exploration Reports (U.S. 33rd Congress, 2nd session, Senate Ex.
Document 78 and House Ex. Document 91), v. 6, pt. 2, p. 5-68.

Schenck, H.G., 1928, Stratigraphic relations of western Oregon
Oligocene formations: University of California Publications,
Department of Geological Sciences Bulletin, v. 18, no. 1, 50 p.

Weaver, C.E., 1945, Stratigraphy and paleontology of the Tertiary
formations at Coos Bay, Oregon: Seattle, Wash., University of
Washington Publications in Geology, v. 6, no. 2, p. 31-62.

Wolfe, J.A., and Hopkins, D.M., 1967, Climatic changes recorded by
Tertiary land floras in northwestern North America, in Hatai,
Kotora, ed., Tertiary correlations and climatic changes in the
Pacific: Pacific Science Congress, 11th, Tokyo, 1967, p. 67-76. [J

OREGON GEOLOGY, VOL. 42, NO. 5, MAY 1980



OREGON GEOLOGY, VOL. 42, NO. 5, MAY 1980

—
PUBLICATIONS ORDER OREGON GEOLOGY
Omission of price indicates publication is in press. Minimum mail o .
order 50¢. All sales are final. Publications are sent postpaid. Payment ___ Renewal __ Subscription ____ Gift
must accompany orders of less than $20.00. 1 Year ($4.00) 3 Years ($10.00)
Fill in appropriate blanks and send sheet to Department (see address
on reverse side). NAME
YOUR NAME ADDRESS
ADDRESS
Zip ZIP
Amount enclosed $___ (If Gift, From: )
Available publications
MISCELLANEOUS PAPERS Price No. Copies  Amount
1. A description of some Oregon rocks and minerals, 1950: Dole ................. . it $ 1.00
4. Laws relating to oil, gas, and geothermal exploration and development in Oregon
Part 1. Oil and natural gas rules and regulations, 1977, 1ev. 1979 ......... ... ... i, 1.00 N -
Part 2. Geothermal resources rules and regulations, 1977, rev. 1979 ....... ... ... oo il 1.00 I _—
5. Oregon’s gold placers (reprints), 1954 . ... ... .. ottt i i ittt it .50 - I
6. Oil and gas exploration in Oregon, rev. 1965: Stewartand Newton ... ............. ..ot nnn. 3.00 - -
8. Available well records of oil and gas exploration in Oregon, rev. 1973: Newton ................ ... ..., 1.00 - -
11. Collection of articles on meteorites, 1968 (reprints from The Ore Bin) . .............cc.oiiiiiiiiiiiinnen... 1.50 - -
w 13. Indexto The Ore Bin, 1950-1974 . . ... ittt et ettt ittt et 1.50 - .
= 14 Thermal springs and wells, 1970: Bowen and Peterson (with 1975 supplement) .. ..................... ... .. 1.50 - -
— 15, Quicksilver deposits in Oregon, 1971: BrOOKS ....... ..ottt 1.50 - I
-1 16. Mosaic of Oregon from ERTS-11imagery, 1973 .. ... ...ttt 2.50 - -
a 18. Proceedings of Citizens’ Forum on potential future sources of energy, 1975 .................. ... ... ... ... 2.00 - I
i 19. Geothermal exploration studies in Oregon—1976, 1977 .............. ... 3.00 - -
oI  20. Investigations of nickel in Oregon, 1978: Ramp........... ..o i i 5.00 I _
(7]
g GEOLOGIC MAPS
Geologic map of Galice quadrangle, Oregon, 1953 . ... ... . 1.50 I —_—
=  Geologic map of Albany quadrangle, Oregon, 1953 .. ... ... ... . . i 1.00 - —
O  Reconnaissance geologic map of Lebanon quadrangle, 1956 .. ... ... .. o i 1.50 _— _
Geologic map of Bend quadrangle and portion of High Cascade Mountains, 1957 ............................. 1.50 - -
'5 Geologic map of Oregon west of 121st meridian, 1961 ........... . .., 2.25 - -
¢ Geologic map of Oregon east of 121st meridian, 1977 ........ ... i i e 3.75 R -
GMS-3: Preliminary geologic map of Durkee quadrangle, Oregon, 1967 .............c.iiiiiiiiiiiinnneennn. 2.00 _ -
! GMS-4: Oregon gravity maps, onshore and offshore, 1967 (folded) ................... ... ... o o it 3.00 _ —
= GMS-5: Geologic map of Powers quadrangle, Oregon, 1971 ........... ... i, 2.00 - -
o GMS-6: Preliminary report on geology of part of Snake River Canyon, 1974 ................................ 6.50 I _
O GMS-7: Geology of the Oregon part of the Baker quadrangle, Oregon, 1976............. ... ... . ..o, 3.00 -
L. GMS-8: Complete Bouguer gravity anomaly map, Cascade Mountain Range, central Oregon, 1978 ............. 3.00 I -
o GMS-9: Total field aeromagnetic anomaly map, Cascade Mountain Range, central Oregon, 1978 ............... 3.00 - _
w GMS-10: Low- to intermediate-temperature thermal springs and wells in Oregon, 1978......................... 2.50
A GMS-11: Preliminary geothermal resource map of Oregon (upon written requestonly) .....................o ... free (one copy per customer)
g GMS-12: Geologic map of the Oregon part of the Mineralquadrangle . ....................... ... ... iu... 2.00
OIL AND GAS INVESTIGATIONS
¢ 3. Preliminary identifications of foraminifera, General Petroleum Long Bell #l well .......................... 2.00 - _
4. Preliminary identifications of foraminifera, E.M. Warren Coos County 1-7well, 1973 . ..................... 2.00 I
5. Prospects for natural gas production or underground storage of pipelinegas .............................. 5.00 -
MISCELLANEOUS PUBLICATIONS
Landforms of Oregon (17 X 1210ChES) . . ...ttt et et et e ettt et ee e .50 I _
Mining claims (State laws governing quartzand placerclaims) ..............cco i .50
Geological highway map, Pacific NW region, Oregon-Washington (published by AAPG) ....................... 3.00 - -
Fifth Gold and Money Session and Gold Technical Session Proceedings, 1975 .............iiiiiiiiieennnnnn. 5.00 - _
Sixth Gold and Money Session and Gold Technical Session Proceedings, 1978 ............ . ..., 6.50 [ R
Backissues Of TAe Ore Bin . . ....... ..ottt ittt 25¢ over the counter; 50¢ mailed - -
Colored postcard, Geology of Oregon ................c.ouuiiinnenennnnnn. 10¢ each; 3 for 25¢; 7 for 50¢; 15 for 1.00 I R




OREGON GEOLOGY

1069 State Office Building, Portland, Oregon 97201

Second Class Matter
POSTMASTER: Form 3579 requested

Available publications (continued)

BULLETINS Price
33. Bibliography (1st supplement) geology and mineral resources of Oregon, 1947: Allen ...................... 1.00
36. Papers on Tertiary foraminifera: Cushman, Stewart and Stewart, 1949:v. 2. .................ciiiiien... 1.25
44. Bibliography (2nd supplement) geology and mineral resources of Oregon, 1953: Steere. .................... 2.00
46. Ferruginous bauxite deposits, Salem Hills, 1956: Corcoranand Libbey ........................ .. .oou... 1.25
49. Lode mines, Granite mining district, Grant County, Oregon, 1959: Koch ................................ 1.00
53. Bibliography (3rd supplement) geology and mineral resources of Oregon, 1962: SteereandOwen............ 3.00
57. Lunar Geological Field Conference guidebook, 1965: Peterson and Groh, editors . ........................ 3.50
62. Andesite Conference guidebook, 1968: DOle .. ... ..ottt e i e 3.50
63. Sixteenth biennial report of the Department, 1966-1968 . . ..............cciiiiiiiiiineeiiiiieeaannnnn. 1.00
65. Proceedings of Andesite Conference, 1969: (COPIES) . . .. ..o ovut ittt e iieeae e 10.00
67. Bibliography (4th supplement) geology and mineral resources of Oregon, 1970: Roberts ............. DR 3.00
68. Seventeenth biennial report of the Department, 1968-1970. ... ...... ... ... . . i i 1.00
71. Geology of selected lava tubes in Bend area, Oregon, 1971: Greeley . .......... .. ... .. 2.50
76. Eighteenth biennial report of the Department, 1970-1972. .. ... ... ittt ittt 1.00
77. Geologic field trips in northern Oregon and southern Washington, 1973 . ...... ... ... ... ... ..ot 5.00
78. Bibliography (5th supplement) geology and mineral resources of Oregon, 1973: Roberts ................... 3.00
81. Environmental geology of Lincoln County, 1973: Schlickerandothers .................. ... ... ... .... 9.00
82. Geologic hazards of Bull Run Watershed, Multnomah, Clackamas Counties, 1974: Beaulieu ............... 6.50
83. Eocene stratigraphy of southwestern Oregon, 1974: Baldwin. ........... .. ... . ittt iiiiinnnnnnnn. 4.00
84. Environmental geology of western Linn County, 1974: Beaulieuandothers .............................. 9.00
85. Environmental geology of coastal Lane County, 1974: Schlickerandothers . ........... .. ... ... ... ... 9.00
86. Nineteenth biennial report of the Department, 1972-1974 . ... ... ... it i e iiiieee e 1.60
87. Environmental geology of western Coos and Douglas Counties, 1975 ........ ... ... ... . oiiiiinain. 9.00
88. Geology and mineral resources of upper Chetco River drainage, 1975: Ramp . ............... ... ...t 4.00
89. Geology and mineral resources of Deschutes County, 1976 ................iiiiiiiiiiiiinniinnnnn.. 6.50
90. Land use geology of western Curry County, 1976: Beaulieu. .......... ... ... . i i i, 9.00
91. Geologic hazards of parts of northern Hood River, Wasco, and Sherman Counties, Oregon, 1977: Beaulieu... 8.00
92. Fossils in Oregon (reprinted from The Ore Bin), 1977 . . .. ..ottt e eeans 4.00
93. Geology, mineral resources, and rock material of Curry County, Oregon, 1977 .................cvivvnnn.. 7.00
94. Land use geology of central Jackson County, Oregon, 1977: Beaulieu . .....................ccooiiinna.. 9.00
95. North American ophiolites, 1977 . ... ... . e e e 7.00
96. Magma genesis: AGU Chapman Conference on Partial Melting, 1977 ................ ... ... ... . ..., 12.50
97. Bibliography (6th supplement) geology and mineral resources of Oregon, 1971-75,1978.................... 3.00
98. Geologic hazards of eastern Benton County, 1979: Bela . ......... ... i 9.00

100. Geology and mineral resources of Josephine County, Oregon, 1979: Ramp and Peterson................... 9.00

101. Geologic field trips in western Oregon and southwestern Washington, 1980 .............................. 9.00

SPECIAL PAPERS

1. Mission, goals, and purposes of Oregon Department of Geology and Mineral Industries, 1978 .............. 2.00
2. Field geology of SW Broken Top quadrangle, Oregon, 1978: Taylor ............. .. ..., ... 3.50
3. Rock material resources of Clackamas, Columbia, Multnomah, and Washington Counties, Oregon, 1978:

[ ¢ 2 AP 7.00
4. Heat flow of Oregon, 1978, Blackwell, Hull, Bowen,andSteele . .............. ... ... ... iiiiiiiieen.. 3.00
5. Analysis and forecasts of the demand for rock materials in Oregon, 1979 ..........................cu.... 3.00
7. Pluvial Fort Rock Lake, Lake County, OregOmn . .. .....uuuunit ittt iiee e tiiiiaa e 4.00

SHORT PAPERS
18. Radioactive minerals prospectors should know, 1976: White, Schafer, Peterson .......................... .75
21. Lightweight aggregate industry in Oregon, 1951: Mason .............iiiiuniinetttiinnneeenninnnann .25
24. The Almeda Mine, Josephine County, Oregon, 1967: Libbey ............ ... .ot 3.00
25. Petrography, type Rattlesnake Formation, central Oregon, 1976: Enlows . .. ................. ... ... ... 2.00
27. Rock material resources of Benton County, 1978: Schlickerandothers . ........... ... ... ....ccciiiiun.. 4.00

100

No. Copies

»>
g
=]
£
2

T
T

TTHT
T

1]

/]
]

T

i
i

1T

OREGON GEOLOGY, VOL. 42, NO. 5, MAY 1980



OREGON GEOLOGY

formerly THE ORE BIN

published by the Oregon Department of Geology and Mineral Industries

VOLUME 42, NUMBER 6 JUNE 1980
e T J ;
B * e
Vi 39
% : y
fl si




OREGON GEOLOGY

(ISSN 0164-3304)
VOLUME 42, NUMBER 6 JUNE 1980

Published monthly by the State of Oregon Department of
Geology and Mineral Industries (Volumes 1 through 40 were en-
titled The Ore Bin).

Governing Board

John L. Schwabe, Chairman .................... Portland
RobertW.Doty. ... Talent
C. Stanley Rasmussen . ...............cooueenn. .. Baker
State Geologist . ............... ... ... Donald A. Hull
Deputy State Geologist. . .................... John D. Beaulieu
Editor . ... ... Beverly F. Vogt

Main Office: 1069 State Office Building, Portland 97201, phone
(503) 229-5580.

Baker Field Office: 2033 First Street, Baker 97814, phone (503)
523-3133.
Howard C. Brooks, Resident Geologist

Grants Pass Field Office: 312 S.E. “H” Street, Grants Pass 97526,
phone (503) 476-2496.
Len Ramp, Resident Geologist

Mined Land Reclamation Program: 1129 S.E. Santiam Road, Al-
bany 97321, phone (503) 967-2039.
Paul F. Lawson, Supervisor

Subscription rates: 1 year, $4.00; 3 years, $10.00. Single issues,
$.40 at counter, $.50 mailed.

Available back issues of The Ore Bin: $.25 at counter, $.50
mailed.

Address subscription orders, renewals, and changes of address to
Oregon Geology, 1069 State Office Building, Portland, OR
97201.

Send news, notices, meeting announcements, articles for
publication, and editorial correspondence to the editor, Portland
office. The Department encourages author-initiated peer review
for technical articles prior to submission. Any review should be
noted in the acknowledgments.

Second class postage paid at Portland, Oregon.
Postmaster: Send address changes to Oregon Geology, 1069
State Office Building, Portland, OR 97201.

COVER PHOTO

Disastrous eruption of Mount St. Helens Vol-
cano, Washington, May 18, 1980. This photo
shows west rim of crater, part of the ash-laden
plume, and white condensation form clouds
caused by the shock wave of the explosive erup-
tion. Photographs and SLAR (side-looking air-
borne radar) and thermal infrared imagery ap-
pearing in this issue were taken by the Oregon
Army National Guard.
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Mount St. Helens erupts

On May 18, Mount St. Helens shattered the peace-
ful Sunday morning silence with an explosive eruption
that devastated most of the immediate areas to the north
and northwest, killed an as yet unknown number of
people, caused numerous destructive floods and mud-
flows, and blanketed much of eastern Washington,
northern Idaho, and western Montana with volcanic
ash. Succeeding smaller eruptions have deposited ash
over parts of Oregon and the rest of Washington. By
now, this very active volcano in our midst has affected
in one way or another almost all of us living in the
Pacific Northwest.

The Oregon Department of Geology and Mineral
Industries maintains an interest in the volcano from the
standpoint of public safety via coordination with the
Oregon Division of Emergency Services and the U.S.
Geological Survey. The Oregon National Guard, flying
at the request of the Oregon Department of Geology
and Mineral Industries, kindly provided the imagery
and photographs in this issue.

The article beginning on the next page is prelimi-
nary in nature. It was written under a tight time con-
straint to meet our deadline, and material in it is, of
course, subject to further interpretation. Because of the
magnitude of this eruption, the article originally
scheduled for this issue will appear in next months’
Oregon Geology. [

Students win 1980 DOGAMI awards

As in previous years, the Oregon Department of
Geology and Mineral Industries has again awarded
some financial aid for field work to graduate geology
students who are active in mapping in Oregon. The
following students are the winners of this year’s awards:

Name and school Location and topic of studies

Avramenko, Walter Echo Mountain, Western

University of Oregon Cascades; geology and structure

Coward, Robert Sumpter 30 sheet; Elkhorn Ridge
Rice University, Houston Argillite

Flaherty, Gerald McKenzie Bridge, Western

University of Oregon Cascades; geology and structure
Hoffman, Charles Salem and Portland Hills;
Portland State University ferruginous bauxite

Mullen, Ellen Canyon Mountain complex;
Oregon State University  petrogenesis

Walker, Nicholas
UC at Santa Barbara

Wozniak, Karl Three Sisters; geology
Oregon State University O

Eastern Oregon; chronology of
pre-Tertiary terrain

OREGON GEOLOGY, VOL. 42, NO. 6, JUNE 1980



Remote sensing of the Mount St. Helens eruption,

May 18, 1980

by Charles L. Rosenfeld, Assistant Professor of Geography, Department of Geography, Oregon State University,

Corvallis, Oregon

As a result of continued aerial surveillance activity
by the Oregon Army National Guard at the request of
the Oregon Department of Geology and Mineral Indus-
tries, a sharp increase in the thermal activity in the
crater area of Mount St. Helens was observed at 5:30a.m.
on Sunday, May 18. An increased number of hot
spots were noted on the “Boot” and in the bulge area,
which had been swelling at a rate of about 5 ft per day
since mid-April. However, just as the thermograph
recording film was being developed, information was
received that a passing aircraft had witnessed an explo-
sive eruption at 8:30 a.m.

The first of four day-time photo missions was
launched from Salem. Initial reports indicated that the
top of the mountain had been lowered from the old
elevation of 9,677 ft to about the 8,300-ft level. A dense,
mushroom-shaped plume of ash rose ominously into the

stratosphere, obscuring everything to the north and east
of the mountain. Large debris flows were moving down
the North and South Forks of the Toutle River, destroy-
ing roads and bridges and carrying off log decks in the
flooding caused by the rapid melting of the mountain’s
glaciers.

In an effort to locate the U.S. Geological Survey
observation post north of Mount St. Helens, our Na-
tional Guard Mohawk aircraft skirted the rising ash
plume toward the north side of the mountain. We
observed that the elevation of the rim of the new crater
formed by the eruption dropped dramatically from
about 8,300 ft on the south side to about the 4,500-ft
level on the north flank and that huge amounts of rock
and ash debris had been ejected toward the north. The
effects of the shock wave from the blast were terribly
evident: entire forests had been leveled and then covered

Northeast side of Mount St. Helens, April 11, 1980, 15 days after first volcanic activity was spotted and 37 days
before the violent May 18 eruption that destroyed the north side of the mountain. The area around the bulge began
expanding in mid-April and was swelling at a rate of 5 ft per day by May 1I8.

‘BULGE
AREA *
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+ Two photographs taken roughly six weeks apart of the northwest side of Mount St. Helens show development

of bulge (arrow). Upper picture was taken during a small eruption on April 2; lower picture was taken May 17, one
day before the May 18 eruption.

Flying under mushroom-shaped cloud, shortly after May 18 eruption occurred. Ash-laden plume is rising verti- g

cally on the left; condensation form clouds are at bottom right. Picture was taken from the north while aircraft was
over Coldwater Peak on search and rescue mission.

Thermal infrared imagery of an oblique aerial view of the north side of Mount St. Helens, May 18, 5:30 a.m.,
approximately 3 hours before the eruption began. Hot areas appear white. Dashed line shows part of the outline of the
mountain. Top arrow points to hot area around crater; lower arrow indicates heating on the bulge. *
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"
West side of Mount St, Helens, 10:00 a.m., 1> hours after initial explosion. Elevation of crater rim drops from
8,300 ft on the south side to 4,400 ft on the north.

Trees blown down along the South Fork of the Toutle River, May 18. Mudflow is at top of picture.
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Hot ash flow, northwest flank, May 18. Steam on left and in foreground is rising from the Toutle River.

by light-colored ash. The blast effect was quite direc-
tional, carrying almost 22 mi to the west and 13 mi to
the north of the mountain. We observed numerous hot
ash flows on the northwest flank and about 30 small
fires in the heaps of shattered timber.

Since our aircraft was unable to penetrate the dense
plume that was being carried off to the northeast, we
turned and attempted to locate survivors along the
North and South Forks of the Toutle River. The North
Toutle valley was choked with a rock and mud flow for
a distance of over 20 mi west of Spirit Lake. This flow,
occasionally. over a mile wide, ended abruptly a few
miles east of Camp Baker. Beyond this point, flood-
waters and mudflows choked with debris were carrying
roads, bridges, and log decks down to the Cowlitz River
and then out to the Columbia River at Longview, Wash-
ington, where, by May 21, siltation had reduced the
40-ft-deep channel to a draft of 12 f1.

At 4:30 p.m., May 18, we obtained a side-looking
airborne radar (SLAR) image of Mount St. Helens from
the Mohawk aircraft. By transmitting microwaves
through the eruptive plume, we were able to produce an
image of the concealed crater. This yielded the first
measurement of the full dimensions of the explosion
crater: 2.2 mi in length from north to south and 1.1 mi
in width. Nearly a cubic mile of mountain was gone.
The eruptive center was located along the former south

OREGON GEOLOGY, VOL. 42, NO. 6, JUNE 1980

“rift” fault, with the floor of the crater sloping down
toward the north.

By 3:10 a.m. on Monday, May 19, the eruptive
plume had diminished enough to allow a flight across
the north flank. On this flight, we directed the SLAR
south into the gaping crater. A smaller eruption crater,
centered around the former “rift” zone, was located at
about the 7,500-ft elevation within the larger explosion
crater. Subsequent SLAR images have indicated the
presence of small constructional features in this area
(see map).

Hot ash flows have continued down the north flank
of Mount St. Helens into the former valley of the North
Fork of the Toutle River, producing explosions de-
scribed as “phreatic” upon contact with water in the
valley. An infrared thermograph, flown before dawn on
Tuesday, May 20, shows a hot ash flow at the base of
the north flank and numerous pits caused by phreatic
explosions in the North Fork of the Toutle Valley.

At this writing (May 23), the crater of Mount St.
Helens remains obscured by the continuing ash plume.
Remote sensing, both thermal and SLAR imagery of the
type shown here, is being provided to the U.S. Geologi-
cal Survey by the Oregon Army National Guard
through the Oregon Department of Geology and Min-
eral Industries.
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May 18, 4:30 p.m. SLAR imagery obtained through eruptive plume shows crater blown out to the north. North is
al top of photograph. At this time, Spirit Lake to the north-northeast is approximately 100 [t deeper than before erup-

tion. Note mudflows on the North and South Forks of the Toutle River, northwest and west of the volcano, and on
Pine Creek, 1o the southeast.
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Mudflow on the South Fork of the Toutle River, May 18. Note roads that have been washed out, trees blown
down, and forest fire.

Flood and mudflow damage at Camp Baker, 24 river miles west of Mount St. Helens, May 18.
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Phreatic explosion craters along North Fork of the Toutle River, north-northwest of Mount St. Helens, May 18.
Thick layer of volcanic ash blankets entire area.

Thermal infrared imagery of oblique view of area immediately north of Mount St. Helens, May 20. Hot areas
appear white in this imagery. Arrows point to phreatic explosion craters. Hot lahar (mudflow) is coming directly from
the mountain. Spirit Lake is to the right, just past the edge of the imagery.
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Mount St. Helens from the south, May 19. Pine Creek mudflow shown here entered Swift Reservoir, located about 8 air miles south of the volcano.




SLAR imagery, May 23, 3:10 a.m. Compare with sketch map of mountain.

SLAR imagery, May 27.

NOTE NEW FEATURES
INSIDE CRATER




Stereopair of crater, north side, May 30, 1980.

Photographs are reproduced below at a larger size for those readers who want to cut them out and
look at them through a stereoscope.
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Sheeted dikes of the Wild Rogue Wilderness, Oregon

by Len Ramp, Grants Pass Field Office, Oregon Department of Geology and Mineral Industries, Grants Pass,
Oregon 97526, and Floyd Gray, U.S. Geological Survey, Menlo Park, California 94025

INTRODUCTION

The name “ophiolite” is applied to sequences of
rocks consisting, in part, from bottom to top, of perido-
tite, gabbro, dike swarms, basalt (often as pillows), and
oceanic sediments. The basaltic dike swarms (sheeted
diabase dikes), apparently feeders for the overlying
volcanic rocks, form a continuous layer between them
and the underlying gabbro (Figure 1). The dikes are
thought to have been intruded along a single, narrow
fracture, thereby becoming chilled against previously
emplaced, solidified dike rock. Ideally, the dikes pinch
downward into the gabbro unit, from which they are
thought to have been derived. The relation between the
dikes and the underlying gabbro constitutes one of the
major field and petrogenetic problems of ophiolite
genesis. The central question of the gabbro-diabase rela-
tionship was succinctly pointed out by Thayer (1977a) in
a discussion of the Troodos Complex:

“If the dikes are chilled against underlying
cumulate gabbro, they cannot be derived from it. If
they pinch out downward in the gabbro, as de-
scribed and postulated, they cannot have come up
through it. How then, did they get where they are?”

The great lateral extent of some dike swarms has
led geologists to believe that the dikes were formed by
repeated injection of magmatic liquid along zones of ex-
treme crustal extension (Moores and Vine, 1971; Kidd
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Figure 1. This idealized cross section shows the
relationships of various parts of an ophiolite sequence
as it is believed to develop on one side of a mid-oceanic
ridge (spreading center). The spreading center is to the
right of the drawing, and a mirror image of the ophiolite
sequence shown here generally occurs on the other side
of the spreading center. (Modified from Greenbaum,
1972)
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and Cann, 1974). Possible sites of such extension zones
include island-arc marginal basins, mid-ocean ridges,
and stationary hot spots beneath a drifting plate.

This article discusses dike swarms recently recog-
nized in the Wild Rogue Wilderness, southwestern
Oregon.

LOCATION

The recently designated Wild Rogue Wilderness is
an elongate area extending from near Agness to the
Eden Valley Road just north of Mount Bolivar near the
Coos, Curry, and Douglas County boundaries. The area
is about 31 km (19 mi) long and from 2 to 8 km (1.3 to
5 mi) wide. Elevations range from about 46 m (150 ft)
near the Rogue River at the southern end of the area to
1,316 m (4,319 ft) on top of Mount Bolivar. The area in-
cludes about 19 km (12 mi) of the Rogue River from
Marial downstream to Big Bend near Illahe (Figure 2;
detail on Figure 5).

A study of this wilderness is being conducted
jointly by the U.S. Geological Survey, the Oregon
Department of Geology and Mineral Industries, and the
U.S. Bureau of Mines. The Wild Rogue Wilderness
project, a part of a multidisciplinary land-resource
study of the Medford 2° quadrangle, emphasizes evalu-
ation of potential mineral resources and their relation to
regional geology. Field mapping in the steep, rugged
area began in June 1979 and should be completed dur-
ing the 1980 field season. This article outlines some re-
cent discoveries of the past field season and suggests
possible avenues of future research.

PREVIOUS WORK

Previous studies of the area include those by Diller
(1914), Butler and Mitchell (1916), Wells (1955), Wells
and Peck (1961), Baldwin and Rud (1972), Kent (1972),
Purdom (1977), and Ramp and others (1977). Earlier
geologic mapping in this area was done at smaller scales
than that of the present investigation, and the dikes
were grouped along with the volcanic rocks as green-
schist-facies metamorphic volcanic rocks, including
basalt, andesitic to siliceous tuffs and flows, occasional
pillow lavas, tuffaceous sediments, and chert locally in-
truded by diabasic and gabbroic dikes then considered
part of the Rogue Formation. A few areas of similar
rocks were mapped about 32 km (20 mi) to the south-
west in the vicinity of Saddle Mountain and Gray Butte
by Ramp and others (1977, p. 6) and were described as
Rogue Formation volcanic rocks intruded by abundant
diabasic and gabbroic dikes.
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Figure 2. Locality map of the Wild Rogue Wilderness area, southwestern Oregon.

DISCUSSION

The recognition of the extensive sheeted dike unit
described in this article is of particular interest to those
attempting to construct a model of the tectonic environ-
ment of the northern Klamath Mountains of southwest-
ern Oregon. The sheeted dikes are best exposed in Mule
Creek Canyon of the Rogue River in the vicinity of In-
spiration Point (Figure 3), where they crop out continu-
ously from about 0.5 km (0.3 mi) upstream to 0.8 km
(0.5 mi) downstream from the mouth of Stair Creek.
The dikes are also well exposed in Mule Creek, on the
ridge extending south from Saddle Peaks, and on the
south slope and top of Mount Bolivar (Figure 4).

The section of sheeted dikes exposed along the
Rogue River in the vicinity of Inspiration Point forms a
mappable unit that trends N. 10°-15° E. and is approxi-
mately 600 m (2,000 ft) thick (Figure 5). To the north-
west, the dikes mapped along the river are faulted
against a sequence of silicious tuffs intruded in places by
quartz diorite. The fault exposed in the river bank
trends approximately N. 55° E. and dips 75° S.E. The
southeastern boundary of the dike complex is best ex-
posed in Stair Creek about 180 m (590 ft) upstream
from its mouth. At this point the dike unit is in fault

Figure 3. Mule Creek Canyon on the Rogue River
near Inspiration Point,
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Figure 4. South flank of Mount Bolivar. Dikes trend from the lower right of the photograph to the upper
left. Some of the dikes display dark pyrite staining.

contact with the younger marine shale and graywacke of
the Jurassic and Cretaceous Dothan Formation (D.
Jones, personal communication, 1979).

The highly recrystallized and tightly contorted
(drag-folded) rocks of both formations suggest that
faulting occurred at considerable depth. The dike rocks
within about 75 m (250 ft) of the fault have been altered
to a chlorite-epidote schist. The juxtaposed sedimentary
rock is a highly indurated argillite. The foliation in the
schist strikes about N. 20°-50° E. and dips steeply about
75°-85° S.E. Movement along this fault was predomi-
nantly vertical, although the orientation of drag folds
indicates that some lateral displacement also occurred.

Where relatively undisturbed by faulting, the
sheeted dikes strike approximately N. 40°-70° W, and
dip nearly vertically. The unit consists of multiple,
subparallel dikes with an average thickness of about 1 m
(3 ft) but varying from 10 cm (4 in) to 2 m (6 ft). The
dikes are composed of medium-grained, occasionally
porphyritic rocks containing gray, subophitically inter-
grown plagioclase and pyroxene. Many of the dikes ex-
posed in the upper Mule Creek drainage are notably
porphyritic (Figure 6). A rare, greenish-black, coarse-
grained, porphyritic, olivine-bearing dike is exposed
near Stair Creek Falls (Purdom, 1977, p. 49). Younger
dikes intruding older dikes display chilled margins on

OREGON GEOLOGY, VOL. 42, NO. 7, JULY 1980

one or both sides, and the number of chilled margins is
greater on the north side than on the south by a ratio
of 3:2.

Most of the dikes measured along the Rogue River
strike approximately N. 40°-70° W, and dip steeply to
the north, but some rotation of the dikes apparently oc-
curred near the Dothan fault contact, where strike
measurements of N, 10°-15° E. with a vertical dip were
recorded.

Many of the sheeted units are 100 percent dikes,
but screens of gabbroic country rock constitute up to 50
percent of the unit near its eastern margin where
mapped along the river. An area about 75 m (250 ft)
wide near the mouth of Stair Creek has an estimated 40
percent of gabbro screen, but the percentage of screen
decreases to the northwest (Figure 7). Slivers and lenses
of gabbro caught up in the dike swarm display a folia-
tion with a fairly constant orientation (Figures 8 and 9).
This foliation appears to be a metamorphic fabric,
although it may be an inherited cumulate layering. The
pieces of gabbroic rock (screen) appear to be slabs of
country rock broken and intruded by the dikes.

Preliminary mapping in the vicinity of Mount Boli-
var (on the ridge, SW % sec. 14) indicates several irregu-
larly spaced groups of diabase dikes intruding the gab-
broic rocks. A similar relation can be seen about 3.2 km
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(2 mi) to the northeast along a logging road (NE ' sec.
12). Although more detailed mapping will be required to
further characterize the complex, the sheeted dike unit
in the Wild Rogue Wilderness was apparently emplaced
tectonically along with the incomplete ophiolite se-
quence. Further study of the critical dike-gabbro con-
tact zone may provide useful insight into the petro-
genesis of this part of the ophiolite suite.

Preliminary mapping has outlined a zone of coarse,
agglomeritic, plagioclase-rich basalt flows that may
represent the initial volcanic expression of the dikes. In
one area along Bolivar Creek, the dikes are in close
proximity to a very coarse-grained agglomerate con-
sisting of rock fragments as large as 0.5 m (1.5 ft) in
diameter and plagioclase phenocrysts in a sparse, fine-
grained matrix. The size of the fragments and ratio of
fragments to matrix decreases to the north until the
fragments disappear. Extensive volcanic rocks lie north-
west of the dikes and appear to interfinger with dike
rocks only in the vicinity of Diamond Peak and Mount
Bolivar. .

The age of the dikes is uncertain, but if they are
cogenetic with the rocks of the Rogue Formation, which
are interpreted as island-arc volcanic rocks, they would
also be of early Late Jurassic age. Specimens from some
of the dikes appear fresh enough for isotopic age dating,
and further sampling for this purpose is intended.

Sheeted dikes somewhat similar to those in the
Wild Rogue Wilderness have been described in eastern
Oregon by Thayer (1977b, p. 96) and in nearby Del
Norte County, Calif., by G. D. Harper (written com-
munication, 1979).

Mineralization in the sheeted dike unit consists of
abundant disseminated pyrite in a few of the dikes and
occasional, small quartz veins that crosscut the forma-
tion and contain minor amounts of gold associated with
pyrite. The pyritic dikes show up as brown bands on
weathered surfaces (Figure 4). Some mineralization in
the area is concentrated near the contact between the
dikes and the volcanic rocks, where a zone of leached
volcanic rock contains abundant pyrite and chalcopyrite
along with minor (or occasional) sphalerite. In some of
the volcanic rocks, for example, in the upper Mule
Creek drainage, a few prospect cuts and adits are found
in a zone of quartz-diorite-impregnated bedded tuff to
the northwest of the sheeted dikes. This area appears to
be a favorable location for mineralization. The Mule
Mountain gold mine located on top of the ridge about
800 m (0.5 mi) north of Inspiration Point is in this zone.
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Figure 8. Gabbro screen surrounded on both sides
by dikes with chilled margins against the gabbro. Note
Soliation (bands of light and dark minerals) in gabbro.
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Geology of the Condrey Mountain Schist, northern
Klamath Mountains, California and Oregon

by M. M. Donato and R. G. Coleman, U.S. Geological Survey, Menlo Park, Calif. 94025, and
M. A. Kays, Department of Geology, University of Oregon, Eugene, Oreg. 97403

This paper is intended as a companion piece to the “Geologic Field Trip Guide through the North-Central
Klamath Mountains,” by M. A. Kays and M. L. Ferns, which appeared in Oregon Geology, v. 42, no. 2,
February 1980. The two papers represent the material for Field Trip 4 of the March 1980 GSA Cordilleran
Meeting and were announced under the title “Geologic Summary for a Field Trip Guide through the North-
Central Klamath Mountains” in Geologic Field Trips in Western Oregon and Southwestern Washington, Oregon
Department of Geology and Mineral Industries Bulletin 101, 1980, p. 77.

—Ed.

REGIONAL GEOLOGY

The Condrey Mountain Schist is exposed through a
structural window in the so-called western Paleozoic
and Triassic belt of the Klamath Mountains of southern
Oregon and northern California (Figure 1). On the east-
ern and southern margins, a low-angle folded thrust
fault separates the schist from overlying garnet amphib-
olite-facies rocks of the western Paleozoic and Triassic
belt. On the west, the contact with ultramafic rocks of
the Seiad Complex appears to be a high-angle fault. The
structurally overlying rocks of the western Paleozoic
and Triassic belt, known in Oregon as the Applegate
Group, form a diverse assemblage of amphibolite-facies
metavolcanic, metasedimentary, and ultramafic rocks
intruded by granitic to dioritic plutonic rocks. These
rocks are described in detail by Hotz (1979). Evidence
for the age of the western Paleozoic and Triassic belt
comes from limestone bodies containing fossils of Pale-
ozoic, Triassic, and Jurassic age (Elliott, 1971; Irwin,
1972). The recent recognition of Triassic and Jurassic
radiolarians in some cherts of the western Paleozoic and
Triassic belt suggests that at least some of the limestones
may be blocks in a mélange (Irwin and others, 1977).
Based on isotopic measurements of hornblende sepa-
rates, the age of metamorphism of the amphibolitic
rocks that overlie the schist is reported by Kays and
others (1977) to be 144 +3 m.y.

In lithology and metamorphic grade, the Condrey
Mountain Schist presents a strong contrast to the rocks
that structurally overlie it. It consists predominantly of
black graphitic quartz-mica schist, here referred to as
“blackschist,” but contains considerable amounts of
interlayered chlorite-actinolite schist, a “greenschist,”
that may be tuffaccous in origin. The greenschist locally
contains abundant glaucophane or crossite; lawsonite is
not present in any of these rocks. The schist, though
strongly deformed and thoroughly recrystallized, is
markedly lower in grade than rocks of the overlying
belt.
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The age of metamorphism of the Condrey Mountain
Schist has been determined by several investigators. Lan-
phere and others (1968) and Suppe and Armstrong (1972)
reported isotopic ages of 141 m.y. and 155+3 m.y.,
respectively, based on muscovite and whole-rock analy-
ses. These ages suggest that the two plates have at least
overlapping histories of crystallization. Yet the correla-
tion of the schist with other rocks in the Klamath Moun-
tains has proved to be difficult. On the basis of litho-
logic similarity and structural and metamorphic evi-
dence, Klein (1977) suggested that the schist is equiva-
lent to the Galice Formation to the west. Overlap of the
Galice Formation’s Oxfordian to Kimmeridgian age
with the apparent metamorphic age of the Condrey
Mountain Schist complicates any proposed correlation.
Clearly, refinement of the Galice’s stratigraphy and age
as well as a better notion of structural relations in the
overlying plate is needed.

LITHOLOGIES

The dominant rock type in the Condrey Mountain
Schist is graphitic quartz-mica schist, “blackschist”
(Figure 1). Alternating, thin (millimeter-sized), mica-
ceous and quartzose layers impart a strong schistosity to
the rock. Pyrite cubes measuring up to 1 cm on a side
are abundant, and many show quartz-pressure shadows.
Most of the blackschist is compositionally monotonous,
but amounts of quartz, feldspar, and mica vary locally.
Rare, but distinctive thin cherty layers occur within the
blackschist. The apparent ease with which the black-
schist deforms is shown by disharmonic folding in some
outcrops. Because incompetency of the blackschist
results in shearing of folds, most outcrops display only
strong schistosity modified by small-scale crenulations.
Rarely, intrafolial folds are observed.

The mineral assemblage in the blackschist is quartz,
muscovite, carbonaceous material, chlorite, albite, and
pyrite (commonly altered to iron oxides). Accessory
minerals include tourmaline, sphene, and clinozoisite.
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Figure 1. Geologic sketch map and cross section of the Condrey Mountain Schist. Based on mapping by

Engelhardt (1966), Hotz (1967), and Donato and Coleman (1979).
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Late-growing stilpnomelane and chlorite pseudomorphs
after garnet have been observed in several thin sections.
Metacherts contain quartz, riebeckite, garnet, stilpno-
melane, and albite.

Conformably interlayered and infolded greenschist
is mainly chlorite, albite, actinolite, epidote, and white
mica, with minor garnet, stilpnomelane, calcite, and
sphene occurring locally. Fine-scale compositional
banding visible in some outcrops may reflect primary
layering, possibly in a tuffaceous deposit. Composi-
tional variations occur on a scale ranging from milli-
meters to meters or tens of meters. A graphite- and
chlorite-rich variety forms a mappable subdivision of
greenschist and is shown in Figure 1.

In several localities, greenschist is interlayered with
schist containing crossite or glaucophane as the pre-
dominant mineral. We refer to these schists as “blue-
schist,” although they lack the diagnostic blueschist-
facies mineral lawsonite. The assemblage is sodic
amphibole (crossite and, at some places, glaucophane,
by their optical properties), chlorite and epidote (both
iron-rich), white mica, albite, garnet, and stilpno-
melane. The only mineralogical difference between the
greenschists and blueschists is indeed the composition of
the amphibole.

Blueschist layers range in thickness and extent from
a few centimeters to tens of meters, as seen at a local
quarry excavated in blueschist with interlayered green-
schist (shown as field trip stop in Figure 1; also stop 6,
field trip guide in February 1980 Oregon Geology). The
presence of these fine-scale intercalations of blueschist
and greenschist implies that the dominant factor con-
trolling the mineral assemblage is local layer composi-
tion rather than large pressure differences. These schists
probably formed under higher than normal greenschist-
facies pressures.

Volumetrically minor, but nonetheless significant,
is the metaserpentinite that occurs as concordant lenses
or pods within the blackschist and greenschist. Most are
massive antigorite-magnetite-brucite rocks, but talc-
magnesite schist and microgabbro (clinozoisite-
actinolite-albite-garnet) are found. Some lenses have
rodingite selvages containing nephrite. We are uncertain
whether the rocks were serpentinized prior to, or con-
currently with, metamorphism. It is clear from their
metamorphic assemblages, however, that these rocks
have shared the same history of recrystallization as the

—

Figure 2. Sequence of events summarizing the
deformational history of the Condrey Mountain Schist.
F, and F, indicate axes of folds resulting from deforma-
tional episodes. S, and S, indicate schistosity. In the
most extreme stage, S, schistosity completely transposes
Si, leaving only rootless intrafolial folds as evidence of
Si. Common in the easily deformed blackschist.
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Figure 3. Schematic cross section of the Condrey Mountain Schist. This interpretation of the structure and meta-
morphism calls upon a nappe-like configuration to produce the observed distribution of lithologic types. Greenschist
envelops blackschist on a gross scale. Structurally lower blueschist is exposed in the central zone of the window. In this
figure, the “nappe” is drawn overturned toward the east, but present structural information is not sufficient to
distinguish between an eastward- and westward-thrust “nappe.”

surrounding schist. Their ultimate origin is a mystery.
They could be slivers of serpentinite tectonically incor-
porated early in the history of the Condrey Mountain
Schist. Hotz (1979) has interpreted these rocks as rem-
nants of serpentinite occurring between the Condrey
Mountain Schist and the overriding plate that were in-
folded with the schist. If they are, we might expect to see
remnants of rocks other than serpentinite, such as am-
phibolite or other schists found in the upper plate.
Another possibility is that the metaserpentinite bodies
represent sedimentary serpentinite deposited near a
fracture zone on the ocean floor.

A leucocratic igneous body within the Condrey
Mountain Schist is exposed in outcrops and roadcuts
along the Scott River. It is composed primarily of
twinned plagioclase, quartz, chlorite, and white mica
and displays a gneissic fabric, thus appearing to have in-
truded the protolith of the Condrey Mountain Schist
before or during metamorphism. Hotz (1979) describes
a similar intrusive body near the West Fork of Beaver
Creek.

STRUCTURAL GEOLOGY

The Condrey Mountain Schist has a complex defor-
mational history that is yet to be completely under-
stood. Structural information gathered in the course of
geologic mapping has led to the following interpreta-
tion, summarized in Figure 2.

The schist has undergone two major deformational
events: (1) The first event produced isoclinal recumbent
folds (fold axes represented by F, in Figure 2) whose
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sense of vergence has not been established. This folding
was concurrent with greenschist- to blueschist-facies
metamorphism that produced mineral lineations paral-
lel to fold axes. (2) A second period of folding produced
north-south-trending crenulations (fold axes repre-
sented by F; in Figure 2) and associated steeply dipping
cleavage, but only minor recrystallization. Deformation
seems to indicate an east-west compression of the schist.
Later kink folds and associated quartz veins cross the
crenulation at a high angle.

The extremely rare occurrence of what may be re-
folded isoclinal folds within the foliation plane suggests
that there may have been two episodes of isoclinal fold-
ing prior to the north-south crenulation event. Alterna-
tively, these folds may be single folds “rolled over” upon
themselves during a single event. At the present time, we
favor the single-fold interpretation because petro-
graphic evidence for two periods of isoclinal folding is
lacking.

INTERPRETATION

A late north-south folding is recorded in both the
Condrey Mountain Schist and the overlying western
Paleozoic and Triassic rocks. The two contrasting units
may have been tectonically juxtaposed prior to this
event. The structural geology of the overlying plate has
not yet been thoroughly investigated. The contrasts in
grade (garnet amphibolite vs. greenschist-blueschist)
and in lithology (mélange-like oceanic lithosphere vs.
deep-water sediments grading upward to island arc [?]
volcanic rocks) between the schist and the overlying
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plate indicate that thrusting brought together units of
two differing regimes —an upper, hot oceanic slab and a
lower, cooler, predominantly sedimentary sequence of
rocks. It is possible that thrusting of the hot upper slab
over the lower cooler slab was the event recorded in the
Condrey Mountain Schist as F;. The fact that blueschist
seems to be restricted to structurally lower parts of the
lower plate (Figure 3) suggests that these rocks were not
only insulated from the overlying hotter slab but also
metamorphosed at greater depth. Concurrently, upper
levels of the lower plate were heated by the hot oceanic
slab, thereby producing greenschist assemblages. Rare
blue cores in actinolite seem to support a model involv-
ing low pressure-temperature conditions followed by in-
creasing temperature. We can speculate that thrusting
and metamorphism were related to incipient subduction
of these rocks, but hard evidence for this is lacking.
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Three companies high bidders for
Oregon geothermal parcels

Bids totaling more than a million dollars have been
received by the Bureau of Land Management for geo-
thermal rights on 12 parcels of Federal land in southeast
Oregon.

Anadarko Production Co., Chevron U.S.A., Inc.,
and Getty Oil Company are the high bidders and upon
the issuance of leases will have the right to develop the
geothermal resources. Anadarko was high bidder on
three parcels, Chevron on two, and Getty on seven. All
of the lands are located in the Alvord or Crump Geyser
Known Geothermal Resource Areas.

Sixty-four parcels were offered by the Federal gov-
ernment, with 52 receiving no bids. The geothermal
leases cover a 10-year period.

Bidding details are as follows:

Parcel Acreage Area Company Amount
4 2,563  Alvord Getty $ 30,117.37
5 2,566  Alvord Getty 60,953.43
6 2,360  Alvord Getty 60,770.00
28 1,830  Alvord Getty 61,751.70
29 2,542  Alvord Getty 44,478.35
33 2,400 Alvord Anadarko 149,664.00
34 2,560 Alvord Anadarko 397,516.80
35 40  Alvord Getty 630.00
36 2,520 Alvord Anadarko 227,379.60
37 2,560  Alvord Getty 44,802.28
59 2,568 Crump Chevron 5,785.00
60 81 Crump Chevron 1,057.00
$1,084,905.53
O
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Chemical analyses of Mount St. Helens pumice and ash

Analyses performed June 4, 1980, by Karl C. Wozniak,
Scott S. Hughes, and Edward M. Taylor, Analytical
Laboratory, Department of Geology, Oregon State
University, Corvallis, Oregon

We are printing these analyses because we believe
they may be of interest to the general public and to more
specialized groups such as public health officials.
Samples were submitted for analysis as indicated. The
assistance of Peter W. Lipman, James G. Moore, and
Donald A. Swanson, U.S. Geological Survey, and
Diane Bender, Washington State University, in obtain-
ing these samples is greatly appreciated.

The samples were analyzed by X-ray fluorescence,
except for the oxides of sodium and magnesium, which
were analyzed by atomic absorption spectrophotometry.

1 2 3 4 5 6 7 8

SiO, 643 64.1 646 677 64.1 64.1 64.2 643
ALO; 182 179 17.8 17.1 18.0 17.5 18.0 18.0
FeO* 42 42 37 32 42 4.1 43 4.0

CaO 48 48 48 40 48 46 49 47
MgO 20 20 20 05 2.0 1.9 1.9 1.8
K.O 145 145 1.60 185 1.45 1.45 1.45 1.50

Na,O 48 48 4.7 50 47 438 48 47
TiO, 0.60 060 0.70 055 0.65 0.60 0.65 0.60

100.35 99.85 99.90 99.90 99.90 99.05 100.20 99.60

1. Pumice lapilli deposited May 18, 1980, on west fork
of Pine Creek at 4,000-ft elevation. Collected May 19
by P. Lipman, J. Moore, and D. Swanson, USGS.**

2. Duplicate analysis of no. 1.**

3. Ash fall, Pullman, Washington. Collected 2:30-3:30
p.m., May 18, by D. Bender, WSU.**

4. Ash fall, Pullman. Collected 12:30-8:00 a.m., May
19, by D. Bender, WSU.**

5. Light-tan pumice lapilli from ash flow erupted May
18. Collected May 21 one mile south of site of Spirit
Lake Lodge by P. Lipman, J. Moore, and D. Swan-
son, USGS.

6. Gray pumice lapilli from blast deposit of May 18.
Collected May 24 at crest of ridge between forks of
Castle Creek by P. Lipman, J. Moore, and D. Swan-
son, USGS.

7. Light-tan pumice lapilli from ash flow erupted May
25. Collected May 26 two miles south of site of Spirit
Lake Lodge at 3,600-ft elevation by P. Lipman, J.
Moore, and D. Swanson, USGS.

8. Light- to dark-gray banded pumice lapilli from ash
flow erupted May 25. Same locality as no. 7.

* Total iron content reported as FeO. H,O-free.
** Previously reported May 21, 1980.

NOTES
Pumices differ chiefly in color due to variations in
density (inflation, vesicularity). All are hypersthene-
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bearing dacites close to the average chemical composi-
tion of dacites from other High Cascade volcanoes. The
principal crystalline constituent is plagioclase feldspar
(10-15 weight percent) with subordinate hypersthene,
amphibole, magnetite, and rock fragments. None of the
quartz that has so often been reported was found, other
than as minute traces in rock fragments. More than 80
percent of the pumice is fresh dacite glass. Variation in
chemical composition of the ash-fall deposits is attribut-
able to early fallout of crystals and consequent concen-
tration of glass shards in finer grained deposits farther
removed from the volcano. [J

Geologic map of southern Washington

Cascades now available

The Earth Sciences Department of Portland State
University (PSU) announces the publication of a new
geologic map (scale 1:125,000) and cross sections of the
Cascade Range of southern Washington. The map
covers 4,050 sq mi and includes the area between lat.
45°31" and 47°15" N. and between long. 120°45’ and
122°22.5" W.

Based on mapping done through May 1978 by Paul
Hammond, Earth Sciences Department, PSU, the two-
color, two-sheet map has over 200 map units and shows
the extent of glaciation, landslides, alteration zones,
mineral and hot springs, and sites of heat-flow holes.
Accompanying the map is a 25-page text.

The prepaid cost of the map, including surface
mailing, is $18.00 (add $1.00 for mailing outside the
conterminous United States). Checks or money orders
are payable to Geology Fund, Department of Earth Sci-
ences, PSU; orders should be sent to Department of
Earth Sciences, PSU, PO Box 751, Portland, OR 97207.

O

GSA ofters employment opportunities booklet

A forum on future employment opportunities in
the geological sciences was held during the Annual
Meeting of the Geological Society of America (GSA) at
San Diego, California, on November 4, 1979. The
forum was sponsored by the GSA Employment Service
as a pilot program to aid persons new to the job market
in selecting prospective employers and in determining
career goals. Speakers at the forum also provided tips
for successful interviews and presented salary survey
figures.

A booklet summarizing presentations at the forum
is now in print. For a free copy of “Future Employment
Opportunities in the Geological Sciences,” write to The
Geological Society of America, Membership Depart-
ment, P.O. Box 9140, 3300 Penrose Place, Boulder,
Colorado 80301. [J
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Micropaleontological data from
five oil and gas wells released

The Oregon Department of Geology and Mineral
Industries (DOGAMI) has released micropaleontologi-
cal data on samples from five oil and gas test holes
drilled along the west side of the Willamette Valley as
Open-File Report 0-80-1, Micropaleontological Study
of Five Wells, Western Willamette Valley, Oregon. The
work was performed by Daniel R. McKeel, Consulting
Micropaleontologist, under contract to DOGAMI.

The five wells selected for micropaleontological
study, located between Forest Grove to the north and
Albany to the south, are Texaco Cooper Mountain 1,
Reichhold Merrill 1, Reichhold Finn 1, Reserve Bruer 1,
and Humble Miller 1. Geologic ages (foraminiferal
stages) have been assigned by McKeel to rock units
penetrated in the wells. Paleoenvironments are also in-
dicated. Results of the micropaleontological work will
be useful for future geologic investigations of the area
and western Oregon.

Copies of Open-File Report 0-80-1 may be pur-
chased for $2.00. Address orders to the Oregon Depart-
ment of Geology and Mineral Industries, 1069 State Of-
fice Building, Portland, OR 97201. Payment must ac-
company orders of less than $20.00. [J
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Deposition and deformation of the Eocene Umpqua
Group, Sutherlin area, southwestern Oregon

by R.K. Perttu, Bear Creek Mining Company, Spokane, Washington 99213, and
G.T. Benson, Earth Sciences Department, Portland State University, Portland, Oregon 97207

ABSTRACT

The lower to middle Eocene Umpqua Group,
5,000-10,000 m (16,500-33,000 ft) thick, exposed north
of Roseburg, Oregon, consists of basal tholeiitic basalt
overlain by a thick turbidite sequence and succeeding
interbedded siltstone, sandstone, and conglomerate, all
involved in northeast-trending folds with local, in-
tensely deformed zones. In contrast, the middle Eocene
Tyee Formation, mainly thick-bedded sandstone, of the
Coast Range to the west and the upper Eocene and
younger andesitic volcanic rocks of the Cascade Range
to the east are only slightly deformed around generally
north-trending axes. Lithology and current directions
suggest contemporaneity of deposition and develop-
ment of the Umpqua Group structures in the Roseburg-
Sutherlin area. Here the Umpgqua Group represents the
slope development of an accreting continental margin
followed by shelf deposits of the Tyee Formation.

INTRODUCTION

Marine sedimentary and basaltic volcanic rocks of
the lower to middle Eocene Roseburg and Lookingglass
Formations crop out in a broad, north-trending belt
north of Roseburg, Oregon (Figure 1). This belt is
bounded on the west and north by the slightly younger
middle Eocene Flournoy and Tyee Formations which
form most of the southern Oregon Coast Range, on the
east by upper Eocene and younger andesitic volcanic
and associated rocks of the western Cascade Range, and
on the south by pre-Tertiary rocks of the northern
Klamath Mountains. Structures in the Roseburg Forma-
tion are large, northeast-trending, faulted folds that
parallel the pre-Tertiary grain in the northernmost
Klamath Mountains. These Roseburg Formation struc-
tures are quite different from the open, north-trending
flexures inm the slightly younger Eocene formations of
the Coast and Cascade Ranges. Sedimentary structures
and facies distribution suggest that deformation of the
Umpqua Group was necessarily almost contemporane-
ous with its deposition, and the two processes must have
been interrelated. Furthermore, the changes in lithology
and structural trends from the Roseburg Formation to
younger units suggest a transition from an active conti-
nental slope to a more stable shelf environment.

STRATIGRAPHY

The pre-Tertiary units of the Klamath Mountains
crop out south of the Sutherlin area and may partially
underlie it. These Klamath Mountains units include

OREGON GEOLOGY, VOL. 42, NO. 8, AUGUST 1980

Jurassic and Cretaceous graywacke, conglomerate,
mudstone, and volcanic rocks, which are generally
sheared and/or metamorphosed, with local pods of
chert and blueschist and bodies of serpentinite (Ramp,
1972), all with a strong, northeast-trending structural
grain. Successively younger units in the Sutherlin area
are the Roseburg, Lookingglass, and Flournoy Forma-
tions (Umpqua Group); the Tyee Formation; and the
volcanogenic rocks of the Western Cascade suite.

Umpqua Group

The Umpqua Formation was defined by Diller
(1898) as a thick Eocene sequence consisting predomi-
nantly of thin-bedded alternating sandstone and shale
overlying and interfingering with volcanic rocks.
Baldwin (1965, 1974, 1975) subdivided the Umpqua into
the Roseburg, Lookingglass, and Flournoy Formations,
permitting elevation of the Umpqua to group status
(Thoms, 1975). Baldwin (1974) included the volcanic
rocks in the Roseburg Formation but distinguished
them on his map; Thoms (1975) referred them to the
“Siletz River Formation.” We have chosen to call these
volcanic rocks Roseburg basalt, following Baldwin.

Roseburg basalt: Basaltic volcanic rocks, mainly
pillow lavas and zeolitized breccia with an aggregate
thickness of up to 2,000 m (6,600 ft) or more, form the
basal unit of the Umpgqua Group in the Roseburg area
(Baldwin, 1974). The volcanic rocks interfinger with
and are overlain by Umpqua Group sedimentary rocks
(including units younger than the Roseburg Formation)
in cores of structural highs as far north as Drain (Figure
2). The Roseburg basalt is tholeiitic, similar to the lower
part of the Siletz River Volcanics of early to middle
Eocene age in the northern Oregon Coast Range
(Snavely and others, 1968). The basalt is not everywhere
present at the base of the Umpqua Group (Figure 1).

Roseburg Formation: The lower sedimentary unit
of the Umpqua Group, the Roseburg Formation, in-
cludes sandstone, siltstone, mudstone, and minor con-
glomerate. In the Sutherlin area, the Roseburg sedimen-
tary section is at least 2,500 m (8,000 ft) thick and con-
sists predominantly of rhythmically alternating gray-
wacke and mudstone beds. Most of the sandstone beds
were deposited by turbidity currents. Graded bedding is
common, with some beds containing more than one
grading unit, and scour structures and bioturbation are
evident. Conglomerate occurs mainly near the Roseburg
basalt, which was the primary source of the clasts. In
general, the ratio of sandstone to siltstone in the
Roseburg Formation decreases northward, away from
the presumed source area.
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Figure 1. Regional geologic map of southwestern Oregon showing Umpqua Group and ad-
Jjacent major rock units (modified from Wells and Peck, 1961, and Baldwin, 1976).

Lookingglass Formation: In its type area, south-

members. To the north, the Lookingglass, like the Rose-
west of Roseburg, Baldwin (1974) has subdivided the burg, becomes finer grained, and the basal Looking-
Lookingglass Formation into three members: basal con- glass conglomerate is only locally present, as at
glomerate and sandstone, middle siltstone and sand-

Woodruff Mountain (Figure 2).
stone, and upper sandstone and conglomerate. Further

Clasts in the Lookingglass conglomerate include a
south, where the Lookingglass oversteps the pre- variety of plutonic and metamorphic rock types appar-
Tertiary, the middle unit becomes coarser; locally, it ently derived from Klamath Mountains terranes, in con-
pinches out and interfingers with the upper and lower trast to the predominant basalt pebbles in the Roseburg
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1972, and Baldwin, 1974).

conglomerate. Lookingglass sandstone beds are gener-
ally not graded and, especially to the south, are charac-
terized by fossil assemblages (Baldwin, 1975) suggestive
of a shallower depositional environment. The Looking-
glass conglomerate at Woodruff Mountain may repre-
sent a channel filling on the continental shelf or upper
slope.

As a rule, lithology is more consistent in the Look-

OREGON GEOLOGY, VOL. 42, NO. 8, AUGUST 1980

ingglass Formation than it is in the Roseburg Forma-
tion; deformation is less intense, with decreasing defor-
mation upward in the formation, and dips are gentler. A
regional difference in attitudes has been shown by
Girard (1962). Local steep dips in the lower part of the
Lookingglass Formation probably mark the dying
phases of the Roseburg-style deformation.

Flournoy Formation: West of Roseburg, the Flour-
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noy Formation is about 900 m (3,000 ft) thick and in-
cludes a lower unit composed of sandstone and lesser
siltstone and an upper unit composed of alternating
beds of sandstone and siltstone (Baldwin, 1974). To the
south, the Flournoy sandstone becomes coarser grained,
thicker, and lithologically very similar to the overlying
Tyee Formation. To the north, the Flournoy Formation
is finer grained, which is consistent with the regional
facies patterns in the Umpqua Group.

Tyee Formation

Resistant sandstone beds of the Tyee Formation
form ridges of the southern Oregon Coast Range. In its
southern facies (Lovell, 1969), the Tyee Formation is up
to 1,500 m (5,000 ft) thick and consists principally of
thick-bedded sandstone with lesser siltstone and pebble
conglomerate. The sandstone is typically medium- to
coarse-grained, micaceous, lithic to feldspathic gray-
wacke. Cross-bedding and channeling, plant remains,
and coal lenses are common. To the north, bedding
becomes thinner and rhythmic, the ratio of sand to silt
decreases (Baldwin, 1975), and fossils are not found
(Thoms, 1975). This transition suggests a change from
delta to shelf and perhaps marginal basin facies.

Dips in the Tyee Formation are gentle. In particu-
lar, the beds exposed in the long Tyee escarpment west
of Sutherlin do not reflect either the northeasterly
trends or the degree of deformation found in the
underlying Roseburg and Lookingglass Formations
(Figure 2).

Volcanic units of the Western Cascade Range
Late Eocene and younger volcanic and volcaniclas-

tic rocks of the western Cascade Range overlie Tyee,
Umpqua, and pre-Tertiary units east of Sutherlin and

Roseburg (Figures 1 and 2). The predominantly ande-
sitic Cascade rocks generally dip gently eastward into a
pile thousands of meters thick.

A few sills and dikes of basaltic composition cut the
Eocene rocks east of Sutherlin and Roseburg (Figure 2).
These intrusions may be as old as late Eocene or as
young as Miocene.

CURRENT DIRECTIONS

Current directions in the Roseburg Formation and
in the Flournoy and Tyee Formations, as shown in
Figure 2 and plotted in half-rose diagrams in Figure 5,
are markedly different. Directions in the Roseburg For-
mation, based on scour marks (groove and flute casts,
bounce and prod marks), show that the turbidity flows
were mainly from the east. In contrast, Flournoy and
Tyee currents (data mainly from Snavely and others,
1964) flowed northward from the Klamath Mountains
province. Only Flournoy and Tyee current directions
appearing on the map (Figure 2) are shown in the half-
rose diagram (Figure 5); if all of the data of Snavely and
others (1964) were included, the northward trend would
be much more pronounced.

STRUCTURAL GEOLOGY

The large structures in the Sutherlin area are folds
and associated faults which trend generally N. 60° E.
(Figure 2), with wave lengths and amplitudes on the
order of 10 km (33,000 ft) and 1,000 m (3,300 ft) or
more, respectively. The folds are asymmetric; north
limbs of the anticlines are typically steep and locally
overturned, but south limbs are relatively gentle. The
anticlines tend to have sharp hinges, whereas the syn-
clines are open and relatively flat bottomed. Axial traces
are sinuous, trending N. 45°-75° E.

Figure 3. Sketch of folds in the Roseburg Formation exposed in a roadcut east of Woodruff Mountain. Some of

these folds are shown in the cover photograph.
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Figure 4. Equal-area diagram of fold axes in the
Roseburg Formation near Woodruff Mountain. Arrows
show shear (rotation) sense looking down plunge.

The best known fault in the Sutherlin area is the
Bonanza fault (Figure 2), which trends northeasterly
more or less parallel to the major folds and to the faults
in the pre-Tertiary south and east of Roseburg. Baldwin
(1964) described the Bonanza fault as a thrust. At the
Bonanza mine, east of Sutherlin, the fault zone dips
about 45° SE, with the Roseburg basalt moved up and
over sedimentary rocks of the Roseburg Formation;
dip-slip displacement (dip-separation) is on the order of
1,500 m (5,000 ft). The trace of the Bonanza fault is less
certain to the southwest (compare Baldwin, 1964 and
1974, and Ramp, 1972). Near Woodruff Mountain, a
branch of the fault apparently offsets the basal Look-
ingglass conglomerate by an amount considerably less
than the maximum displacement in the Roseburg For-
mation, but the fault does not break the Tyee. Other
similar northeast-trending reverse faults occur in the
area but are generally of lesser extent and displacement.

Although dips are gentle in the synclines and fairly
constant on the limbs of the large anticlines (such as the
Oakland anticline), several zones of intense minor fold-
ing in the Sutherlin area are noteworthy (Figure 2). One
of these zones is exposed along the banks of the Ump-
qua River just east of Woodruff Mountain. Chevron or
accordion folds with wave lengths and amplitudes of
5-10 m (15-30 ft) are typical. A roadcut section about
200 m (650 ft) long, sketched in Figure 3, illustrates the
style of folding in this zone. Individual folds are not
restricted to a few beds, and the sandstone and shale
beds were already considerably lithified before folding.
The folds were probably formed at relatively shallow
depths, judging from continuity of bedding and con-
stant thickness of sandstone beds even in hinges. These
folds are almost certainly not slump structures formed

OREGON GEOLOGY, VOL. 42, NO. 8, AUGUST 1980

more or less contemporaneously with deposition. The
style of folding is controlled by lithology; the accordion
folds are best developed in thinly bedded, well-stratified
rocks of the Roseburg Formation. An equal-area plot of
fold axes (Figure 4) shows considerable scatter, but
reversal of shear sense suggests a N. 40° E. (or S. 40°
W.) tectonic transport direction (see Hansen, 1971).
Given the relatively slight deformation of younger units,
refolding is inadmissible as an explanation for the scat-
ter; more likely the scatter happened as the folds were
forming.

The origin of these folds is of interest. A prelimi-
nary hypothesis that the folds resulted from movement
of the thin-bedded Roseburg units beneath the massive
Lookingglass conglomerate of Woodruff Mountain is
not entirely satisfactory. Deformation in thin Looking-
glass beds adjacent to the conglomerate is much less
severe, and other zones of intense minor folding are
present in the Roseburg where the Lookingglass con-
glomerate is not present, for example, south of Tyee
Mountain (Figure 2). The fold zone near Woodruff
Mountain may be related to the Bonanza fault. South
and east of Sutherlin, the Bonanza fault juxtaposes
Roseburg basalt and sedimentary rocks of the Roseburg
Formation. To the west, however, the fault trace splays
out into sedimentary rocks, and the intense minor
folding may take up part of the displacement. The
Bonanza fault does not offset the Flournoy or Tyee For-
mations, but it may reappear in the Roseburg Forma-
tion some 35 km (22 mi) to the west, east of Myrtle
Point (see Baldwin, 1974, map), from beneath the
Lookingglass Formation.

Figure 5. Half-rose diagrams of current directions
in (a) the Flournoy and Tyee Formations, and (b) the
Roseburg Formation. Current directions were taken
Sfrom map shown in Figure 2.

N a. FLOURNOY AND
TYEE FORMATIONS
n=12
w E

N b. UMPQUA GROUP
n=24
w E
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Figure 6. The Umpqua Group may have been de-
posited on an accreting continental slope and shelf in a
Sfashion similar to that proposed by Seely and others
(1974), with whose permission this illustration is
reproduced.

SYNTHESIS

One explanation of the structures in the Sutherlin
area could be that they were formed in a single deforma-
tional event after deposition of the Roseburg sediments
and then uplifted and eroded prior to deposition of the
Lookingglass Formation. However, the change in rock
types going up in the stratigraphic column shows a logi-
cal transition from the thin, rhythmic, turbidite slope
deposits of the Roseburg Formation to the deltaic or
shelf deposits of the nearby Tyee Formation. The large,
northeast-trending folds in the Sutherlin area were form-
ing while the Roseburg sediments were being deposited
on the continental slope. Decreasing deformation up-
ward in the section also indicates a transition to a more
stable shelf environment, and the relationship between
stratigraphy and structure suggests that deposition and
structural development occurred contemporaneously.

Currents carrying Roseburg sediments may well
have been controlled by the growing, northeasterly-
trending folds. By the time of deposition of the Tyee
Formation, these structures had become inactive, and
almost all were buried, although a few remaining topo-
graphic highs on the Tyee sea floor locally affected flow
patterns, as near Drain. Turbidity flows originating
near the top of the slope to the south and east would
have been deflected by the developing ridges to flow
down trough axes; as each successive trough was filled,
or where the divide was low, flows would have over-
topped the adjacent downslope ridge and contributed
finer grained and progressively younger sediments to the
next lower trough. This model, like a series of baffles
across a slope, would explain both the Roseburg Forma-
tion current directions and the northward change to
finer grained facies.

The modern continental margin of Oregon and
Washington (Silver, 1971, 1972; Carson and others,
1974; Kulm and Fowler, 1974) is comparable to this
model. Longitudinal ridges and troughs characterize the
present continental slope. Seismic profiles show these
ridges to be anticlinal and commonly bounded by steep
faults; the intervening troughs are filled with younger,
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less deformed sediments, and essentially undeformed
shelf deposits cover the slope units with apparent angu-
lar discordance. This model is illustrated in Figure 6.

The modern analog suggests that the Umpqua
Group and Tyee Formation were sequential parts of an
accreting continental margin, with depositional patterns
closely related to structural development.
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A personal account of a nuée ardente on
Mount St. Helens during the eruption of May 18, 1980

by Guy H. Rooth, Oregon College of Education, Monmouth, Oregon 97361

INTRODUCTION

On the afternoon of May 18, 1980, while watching
the eruption of Mount St. Helens from a plane, |
observed a rapidly moving pyroclastic flow (nuée
ardente) on the south side of the mountain. Also in the
plane was photographer Roland Giesbrecht, who cap-
tured the event on film.

Eyewitness accounts of events of these features by
geologists are rare. This may be the first such account
from within the continental United States. The purpose
of this paper is to describe the event and to encourage
others who may have witnessed or photographed it to
share their information.

Sheridan (1979) includes all denser-than-air ava-
lanches, streams, and flows within the term “pyroclastic
flow.” Because two types of pyroclastic flows were
observed simultaneously during the May 18 eruption,

for purposes of clarity the general term “pyroclastic
flow” is restricted in this report to slow-moving flows
lacking a suspended cloud of ash. The terms “rapidly
moving pyroclastic flow” and “nuée ardente” are used to
describe material consisting of a basal avalanche and a
suspended cloud of ash, all traveling at high speeds.

EVENTS PRIOR TO THE NUEE ARDENTE

Our plane arrived in the vicinity of Mount St.
Helens shortly after 2 p.m. on May 18, 1980, while the
eruption was still in progress. For about an hour and a
half, we photographed and observed the mountain from
a distance of 20 mi due west, as required by the Federal
Aviation Administration. Most of our observations
were from an elevation of about 11,000 ft. During that
time, the top of the column of eruptive material was
hidden from view by a persistent layer of stratus clouds.

Figure 1. Eruption of Mount St. Helens viewed from the west at approximately 3:30 p.m., May 18, 1980. Slow-
moving pyroclastic flows visible near summit on northwest side. (Photo courtesy Roland Giesbrecht)
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Figure 2. Rapidly moving pyroclastic flow (nuée ardente) on south flank of Mount St. Helens at approximately
3:53 p.m., May 18, 1980. Slow-moving pyroclastic flows still visible on northwest side. 135-mm lens. (Photo courtesy
Roland Giesbrecht)

Figure 3. Rapidly moving pyroclastic flow (nuée ardente) on south flank of Mount St. Helens, May 18, 1980, a
Jew seconds after Figure 2. 230-mm lens. (Photo courtesy Roland Giesbrecht)
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A large gray column of pumice and ash poured
forth from the summit of the volcano. It appeared to
hang motionless in the air, but if one looked carefully at
a portion of the column, the turbulent motion of the
material became readily apparent. Lightning bolts were
common. Very little material appeared to be falling near
the mountain on the north, west, or south sides. All of
the material appeared to be moving turbulently upward
within the eruptive column.

Material was emanating equally from the entire
summit of the volcano, and one could not tell from the
eruptive cloud that a large part of the north slope of the
mountain had been blown away during the initial erup-
tion earlier that day.

From a distance of 20 mi, no instances of partial
column collapse were observed. For more than half an
hour, slow-moving pyroclastic flows could be seen on
the northwest side of the volcano (Figure 1). However,
at that distance, forward movement of the flows was
not discernible.

OBSERVATIONS OF THE NUEE ARDENTE

Shortly before 4 p.m., we had finished taking pic-
tures and had turned the plane to the south to return to
Salem, Oregon. The photographer, glancing back to-
ward the mountain, called my attention to a change in
the nature of the eruption.

I immediately noticed a rounded bulge of material
descending from the eruptive column onto the south
side of the mountain near the summit. We quickly
turned the plane and began taking pictures. The bulge
rapidly changed shape and appeared to flow at a high
rate of speed down the mountain as a basal avalanche
traveling faster than the suspended, turbulent cloud
above it.

When the material was nearing the change in slope
at the base of the cone of Mount St. Helens, I glanced at
my watch, and it read 3:52 p.m. Shortly after that time,
Roland Giesbrecht took the photograph in Figure 2 with
a 135-mm lens. A few seconds later he took Figure 3
with a second camera equipped with a 230-mm lens. The
distance the nuée ardente advanced past a small hill dur-
ing those few seconds can be seen by comparing the two
photographs.

Unknown to me at the time, Charles Rosenfeld of
the Geography Department at Oregon State University
was in an Oregon Army National Guard plane at a dis-
tance of slightly more than a mile from the mountain.
His plane was flying from the west side of the mountain
toward the south side. He saw the start of the nuée
ardente and watched it pass from view beneath his plane
in a matter of seconds (personal communication, 1980).
He estimated the speed to have been 70 to 100 mi per
hour. While he did not witness a collapse of the eruptive
column at that time, he had seen a partial collapse a few
minutes earlier farther to the west.

It took about two minutes for material to travel
from the summit of the volcano out of sight into low
hills at the base, a distance of 4 to 5 mi. For the next two
minutes, additional material continued to flow down
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Figure 4. Schematic diagram of eruption of Mount
St. Helens, May 18, 1980, showing possible collapse
within gas-thrust region which produced the rapidly
moving pyroclastic flow (nuée ardente) (after Sheridan,
1979).

the flanks of the mountain. The suspended cloud was
several thousand feet high. Two minutes after the flow
had stopped, the remaining suspended material settled
to the ground, leaving empty space where the cloud had
been. My watch read 3:56 p.m. after the cloud had set-
tled. From the estimates given above, it seems likely that
speeds from 60 to more than 100 mi per hour were at-
tained by the rapidly moving basal avalanche part of the
flow.

ANALYSIS

During the eruption, only the gas-thrust region of
the eruptive column (as described by Sheridan, 1979)
was visible. Material was carried upward by the ex-
plosive force of the escaping volcanic gases. The over-
lying convective-thrust portion of the eruptive column is
said in newspaper accounts to have reached elevations
in excess of 60,000 ft. However, it was not visible to us.

The nuée ardente was probably triggered by a par-
tial collapse of larger tephra material falling back
against the south side of the summit of the volcano and
trapping gases to provide the high mobility and rate of
flow observed (Figure 4). No preceding blast was
noticed. Material appeared to fall vertically as a
rounded bulge beneath the eruptive column. Once the
material had fallen onto the flanks of the mountain, it
appeared to flow rapidly as a basal avalanche and
suspended cloud. Bolt and others (1975) describe similar
occurrences during the eruptions of Soufriére on the
island of St. Vincent in 1902 and the Russian volcano
Bezymianny in 1956. Sheridan (1979) reports the forma-
tion of rapid pyroclastic flows resulting from gravita-
tional collapse of columns during the eruptions of
Komagatake in Japan in 1929, Mayon in the Philippines
in 1968, and Ngauruhoe in New Zealand in 1975. The
eruption witnessed on Mount St. Helens appears to fit
into the small to intermediate types of eruptions de-
scribed by Smith (1960).
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New geology glossary
adds 3,000 terms

A major dictionary of the earth sciences—the
Glossary of Geology —is now available in an expanded
up-to-date edition. It includes 36,000 terms, compared
to 33,000 in the 1972 edition, and reflects changes in the
geoscience vocabulary in the last decade.

Changes in the Glossary are particularly evident in
such active fields as biostratigraphy, remote sensing,
plate tectonics, igneous petrology, paleomagnetism, and
seismic stratigraphy. The compilers added about 450
new mineral names, more than 100 abbreviations, and
nearly 500 new references to the literature.

The new work was edited by Robert L. Bates, who
is widely known for his monthly column in Geotimes,
and Julia A. Jackson of the American Geological Insti-
tute. The editors worked with the help of nearly 150
specialists who reviewed definitions, added new terms,
and cited references.

Robert L. Bates is emeritus professor at Ohio State
University, author of a textbook on geology of indus-
trial rocks and minerals, and an honorary member of
the Association of Earth Science Editors. Julia A.
Jackson is editor of AGI’s newsletter, Geospectrum,
and a member of AESE.

The Glossary of Geology (second edition) has 749
pages and sells for $60. It may be ordered from the
American Geological Institute, One Skyline Place, 5205
Leesburg Pike, Falls Church, Virginia 22041. There is a
10 percent discount for bulk orders of 10 or more copies
on one order. [J
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Types of scientific studies
conducted on Mount St. Helens,
July 1980

The left-hand column in the following table tells
the types of scientific studies conducted at Mount St.
Helens, Washington, during July. The second column
indicates the number of U.S. Geological Survey (USGS)
studies. The third column shows the number of entry
permits that the St. Helens Coordinating Committee
issued to other agencies so that they could conduct their
studies.

Type of study USGS. Other agencies

Educational -
Photography 1
Vulcanism, general 1
Thermal imagery 2
Hazards 1
Geomorphology and deformation 1
Mud flows 1
Tiltmeter 1
Tephra 1
Geothermal, thermal 1
Petrology, geology 1
Biology -
Debris flow 2
Gas analysis 1
Trace elements 1
Seismic 1
Gravity 1
SLAR (Side-Looking Airborne 1
Radar)
TV
Engineering
Pyroclastic flows
Blast deposits
Hydrothermal and weathering
Eruption dynamics
Electromagnetic 1 -

— Data supplied by the St. Helens
Coordinating Committee [J

p—

USGS bibliography of continental shelf
and coastal zone available

Copies of the U.S. Geological Survey Open-File
Report 80-467, Bibliography of the Geology of the
Oregon-Washington Continental Shelf and Coastal
Zone, 1899-1978, by Gretchen Luepke, are available by
mail from the Open-File Services Section, Branch of
Distribution, U.S. Geological Survey, Box 25428,
Federal Center, Denver, CO 80225. Price is $3.50 for
each paper or microfiche copy. Orders must specify
report number and contain check or money order
payable to the U.S. Geological Survey. O
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The gold dredge at Whisky Run north of the mouth of the

Coquille River, Oregon

by Ewart M. Baldwin, Professor of Geology, Department of Geology, University of Oregon, Eugene, Oregon 97403

The soaring price of gold will no doubt renew in-
terest in gold mining and challenge the ingenuity of
those interested in extracting the elusive metal. The
many devices constructed to concentrate gold during
previous cycles of gold-mining fever in Oregon have
ranged from those mechanically quite sound to those
that were wholly impractical. Few devices, however,
were more bizarre than the dredge shown in Figure 1.

The origin of the photo is unknown, but it has been
passed down in the photo files left by the late Warren D.
Smith and James Stovall, former professors of geology
at the University of Oregon. The location inscribed in
pencil on the back of the photo is given as Ophir, at the
mouth of Euchre Creek, but that is far from the
dredge’s final resting place at Whisky Run, in the old
Randolph mining district, a placer area along the beach
north of the mouth of the Coquille River.

One historical reference to the dredge is a brief
comment made by visitors to Whisky Run and quoted
by Peterson and Powers (1952, p. 371-372) as follows:

A big piece of machinery was nearby in a red-rusted
and far-gone condition. They judged it to be the re-
mains of the $60,000 contraption brought to
Whisky Run by some Minnesota men in 1910 to
prove itself to be no good in short order.

R.R. Horner, who worked for the U.S. Bureau of
Mines, is also quoted by Peterson and Powers (1952,
p. 378):

Smith R. Bassett, representing Minneapolis parties,
designed and built a dredge, mounted on hollow
cylindrical wheels about 6 feet in diameter and
about 5 feet wide...probably the most unique
mechanical curiosity of all the devices for recover-
ing gold from the black sands. On the steel frame
of the dredge was mounted an endless-chain bucket
digging device operated by steam engine. The
machine was propelled by its own power and was
designed to work the beach deposits lying between
high and low tides. It proved a complete failure, as
it was unstable and nearly capsized on the first trial
run, With great difficulty it was finally dragged
back to a place above high tide, where it now rests.
This venture is said to have cost between $60,000
and $75,000.

This author examined the files of the Coos Bay
Times (forerunner of the Coos Bay World) for January
1, 1910, to August 10, 1910, but found no reference to
the venture. Later files for 1910 were not available.
Pre-1915 copies of the Western World, published in

Figure 1. Gold dredge at mouth of Whisky Run, about 1910.
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Figure 2. Large rear wheel of dredge, as it appeared
in 1949. For scale: John McManigal, left; Len Ramp,
center; and Robert Burke, right.

Bandon since 1912, were also unavailable.

The dredge was designed to roll on its large drum-
like wheels, which were cleated in the rear where the
power was applied. The power was evidently furnished
by a small, upright steam boiler. The dredge was sup-
posed to move into the surf at low tide, scoop up sand,
retreat to the dry beach to work the sands for gold, and
then repeat the process. The story is told that in order to
reduce the weight of the dredge, valves were installed in
the huge wheels and compressed air was injected, there-
by supposedly making the structure lighter.

The dredge was evidently assembled in or near Ban-
don and moved under its own power along the beach
northward to Whisky Run, a distance of approximately
6 mi. The terraces at Whisky Run had been mined off
and on since the initial burst of activity in 1853-55, when
the Randolph district was in its heyday. The area was
revived during World War II, when chromite sands in
tailings from some of the earlier gold mining ventures
were mined for chromium.

This author first viewed the remains of the dredge
in 1943 while working with the Coos County/Oregon
Department of Geology and Mineral Industries coal
survey (Allen and Baldwin, 1944). Figure 2 was taken
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during the summer of 1949. A visit to Whisky Run on
March 3, 1980, failed to reveal any part of the
machinery, but the driftwood was so abundant that
metal objects could have been partially buried in the
sand and covered by the wood.
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Geology and geologic hazards
study of northwestern Clackamas
County now available

The Oregon Department of Geology and Mineral
Industries (DOGAMI) announces the completion of its
18-month study of the Geology and Geologic Hazards
of Northwestern Clackamas County, Oregon, published
as Bulletin 99. The study was a joint effort involving
DOGAMI, the Oregon Land Conservation and Devel-
opment Commission, and Clackamas County. Authors
of the report are Herbert G. Schlicker and Christopher
T. Finlayson.

The bulletin is intended to provide practical infor-
mation about specific geological hazards and engineer-
ing geology conditions in northwestern Clackamas
County.

#  BULLETIN 99

GEOLOGY AND GEOLOGIC HAZARDS
OF
NORTHWESTERN CLACKAMAS COUNTY,
OREGON

1979

STATE OF OREGON
OF G

OLODY
DOMALD A HULL, STATE GEOLOGEST

GEGLOGY AND GEOLOGI HAZARDS OF HORTHWESTERN CLACKAMAS COUNTY, OREGON

BULLETIN 0

The text describes the surficial and bedrock
geologic units found in the study area and describes
such geologic hazards as landslides, soil erosion, high
ground water and ponding, stream erosion and deposi-
tion, earthquakes, and volcanism. Included are a table
presenting engineering characteristics of soils developed
on each rock unit; matrices relating geologic hazards to
geologic units, land uses, and steepness of slope; and
flood tables giving stages, elevations, and peak dis-
charges of the ten greatest observed floods on the Wil-
lamette, Molalla, Pudding, Tualatin, and Clackamas
Rivers and Johnson Creek. In addition, Bulletin 99 con-
tains five geology and five geologic hazard maps cover-
ing a total of nine 72-minute quadrangle maps.

Price of the complete Bulletin 99 is $10.00. Address
orders to the Oregon Department of Geology and Min-
eral Industries, 1069 State Office Building, Portland,
Oregon 97201. Payment must accompany orders of less
than $20.00. [J
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Eocene correlations in western Oregon-Washington

by Robert G. McWilliams, Department of Geology, Miami University-Hamilton, Hamilton, Ohio 45011

ABSTRACT

Eocene volcanic rocks and immediately overlying
sediments of the Columbia Arc appear to be Tertiary
sea floor wedged between the Juan de Fuca and North
American Plates. Sea-floor spreading between the
Farallon-Kula Plate boundaries can explain the geo-
graphic separation of the Roseburg Formation and the
true Siletz River Volcanic Series in southwestern Oregon
from the coeval true Crescent Formation in northwest-
ern Washington. It can also explain why the younger
“Siletz River Volcanic Series” and “Crescent Formation”
are found between them in central-western Oregon-
Washington.

According to this interpretation, the clockwise
rotation of the Oregon Coast Range was produced by
flexural-slip folding analogous to that which formed the
clockwise-twisted Gorda Basin. The Farallon-Kula
Plates were trapped between the North American Plate
on the east and the northwesterly-moving Juan de Fuca
Plate on the west.

INTRODUCTION

My purpose in this paper is to review the time-
stratigraphy of the Oregon-Washingtonn Eocene vol-
canic rocks and contiguous strata. The time-strati-
graphic units used are those based on benthic organisms
in California; namely the “stages” of Weaver and others
(1944), the zones of Laiming (1939, 1940), and the
stages of Mallory (1959) (Figure 1). There have been dif-
ferences between correlations based on planktonic
organisms — particularly calcareous nannoplankton—
and benthic organisms. However, Poore (1979) has con-
cluded that the Ulatisian-Narizian stage boundary
closely coincides with the Discoaster sublodoensis zone

Figure 1. Correlation of Eocene time-stratigraphic

units based on benthic organisms. After Mallory (1959,
p. 74-98) and Rau (1966, Figure 4).

AGE WEAVER AND LAIMING MALLORY
OTHERS 1944 | 1939, 1941 1959
Al
?
TEJON NARIZIAN
A3
?
EOCENE TRANSITION
ULATISIAN
B-1A
DOMENGINE
B-1— B-4
CAPAY c PENUTIAN
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and the Nannotetrina quadrata zone boundary. Thus
correlations based on the Ulatisian-Narizian stage
boundary —and that is the most important correlation
discussed in this paper—probably approximate time
correlation.

THE PENUTIAN-ULATISIAN BOUNDARY

Portions of the stratigraphic column which straddle
the Penutian-Ulatisian stage boundary are shown in
Figure 3. The following discussion of time-stratigraphy
is keyed to Figure 3 by means of numbers, set off by
parentheses, referring to the respective numbered strati-
graphic section.

The Penutian-Ulatisian boundary appears to be
located within the Roslyn Formation of north-central
Washington (Figure 3, section 2). Part of the Roslyn
Formation is of Bridgerian age (Wheeler, 1955), which
is equivalent to the Ulatisian stage (Evernden and
others, 1964, p. 167). The stratigraphic position of the
underlying Teanaway Formation between the Paleocene
Swauk Formation and the Ulatisian Roslyn Formation
indicates it is equivalent to the Roseburg Formation,
which is Paleocene to Penutian (early Eocene) in age.

The Raging River Formation of central-western
Washington (section 3) is Ulatisian, based on the occur-
rence of Gaudryina jacksonensis var. coalingensis Cush-
man and G. D. Hanna (Vine, 1962b, p. 9). The over-
lying Tiger Mountain Formation is Domengine (lower
Ulatisian), based on fossil leaves (Wolfe, 1968, p. 11).
Although the underlying strata are not exposed, it is
clear that the Ulatisian-Penutian boundary must be
within or below the Raging River Formation.

In central-western Oregon, the uppermost portion
of the Siletz River Volcanic Series (section 10) contains
Pseudophragmina psila (Woodring). This species is un-
known above the Penutian stage and occurs together
with mollusk fossils which indicate a Capay age
(Snavely and Vokes, 1949). Baldwin (1964b, p. 13-14)
reviewed all published lists of fossils from the Siletz
River Volcanic Series in the Dallas-Valsetz and adjacent
areas (section 13) and also assigned a Capay age (Penu-
tian) to the formation.

The King’s Valley Siltstone is the uppermost mem-
ber of the Siletz River Volcanic Series and is Capay
(Penutian) near Marys Peak (section 14). The overlying
Flournoy Formation (Baldwin, 1975, p. 53), formerly
called Tyee and Burpee, is Domengine (lower Ulatisian),
based on stratigraphic position (Baldwin, 1955; 1964b,
p. 16-17).

The Lorane Siltstone Member (shown in Figure 3 as
Lorane Shale) is the uppermost part of the Flournoy
Formation (formerly Tyee) in the southwestern Willam-
ette Valley (section 17). Bird (1967, Figure 14) deter-
mined a Ulatisian age for these rocks, based on fora-
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Figure 2. Table showing known biostratigraphic range of foraminifer species mentioned in text.

minifers. In addition, Stewart (1957, p. 13) reported
species indicative of Ulatisian from the rocks now called
Flournoy Formation at Comstock Overpass.

In southwestern Oregon, the Bateman Formation
of the Umpua River area (section 20) contains Ulatisian
foraminifers (Baldwin, 1974, p. 28). Baldwin (1961)
summarized the foraminifers indicative of B-1 to B-1A
age (lower Ulatisian) and mollusks indicative of the
Domengine (lower Ulatisian) from the Elkton Forma-
tion in the lower Umpqua River area (section 20). The
Flournoy Formation is also Ulatisian and overlies the
Lookingglass (middle Umpqua) and the Roseburg
(lower Umpqua) Formations, which are Penutian (Bald-
win, 1974, p. 8-10, 16, 19).

Bird (1967, p. 77) reported foraminifers indicative
of the Ulatisian from the Flournoy Formation at Sacchi
Beach (section 21). The Flournoy Formation is in fault
contact with the Penutian Roseburg Formation (Bald-
win, 1975, p. 54).
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THE ULATISIAN-NARIZIAN BOUNDARY

Discussion of the Ulatisian-Narizian boundary is
keyed to Figure 4. Numbers set off by parentheses refer
to the respective stratigraphic section.

The Aldwell Formation of northwestern Washing-
ton (Figure 4, section 1) was assigned a Narizian age by
Rau (1964, p. 4-6). Rau noted Amphimorphina califor-
nica Cushman and McMasters in these strata and indi-
cated that the foraminifer is not diagnostic of the Ulati-
sian stage because it occurs in Narizian strata in Oregon
and Washington. The Crescent Formation between
Crescent and Freshwater Bays (section 1) is between
Penutian and Ulatisian in age (Berthiaume, 1938;
Mallory, 1953; Rau, 1964). | have interpreted it as
thrust above the Twin River Formation of Refugian age
(McWilliams, 1970, 1971, 1974b). Although the fault
relationship has been debated (Brown, 1971; Brown and
Hanna, 1971), it is clear that the structural and

OREGON GEOLOGY, VOL. 42, NO. 9, SEPTEMBER 1980
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Figure 3. Correlations of Eocene stratigraphic units in western Oregon-Washington based on positions of
Penutian-Ulatisian stage boundary. All stratigraphic names are the same as those used in cited reference. Locations of
sections and references are as follows: 1) Lake Crescent, Brown and others (1960); 2) Mount Stuart, Smith (1904);
3) Hobart and Maple Valley, Vine (1962a); 4) Satsop River, Rau (1966); 5) Doty-Minot Peak, Pease and Hoover
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11) Tualatin Valley, Schlicker and Deacon (1967); 12) Sheridan-McMinnville, Baldwin and others (1955), 13) Dallas-
Valsetz, Baldwin (1964b); 14) Marys Peak-Alsea, Baldwin (1955); 15) Newport-Waldport, Vokes and others (1949);
16) West-central Willamette Valley, Vokes and others (1954); 17) South-southwest Willamette Valley, Vokes and
others (1951); 18) Siuslaw River, Baldwin (1956); 19) Anlauf-Drain, Hoover (1963); 20) Umpqua River, Baldwin

(1974); 21) Coos Bay, Baldwin (1975).

\2

v Vv

|
v v“OLDER VOL.
~ NORTHCRAFT Rk v NARIZIAN
LYRE"SS, T v v STAGE
ALDWELL . MC, INTOSH Lo h
ALDWELLN/ - v
2 COVERED T
“CRESCENT Y vv 3 v VOL B SED. Y oy 17 —
V V'V crescent  COVERED Yy UNDIFF" " RIVER V LATISIAN
Y V. Vv v COVERED Y%

Figure 4. Correlation of Eocene stratigraphic units in western Oregon-Washington based on location of
Ulatisian-Narizian stage boundary. Locations of sections and references are same as for Figure 3.

stratigraphic complexities of this locality preclude using
it to indicate the age of the uppermost “Crescent Forma-
tion” (see Figure 6).

The “Crescent Formation” in the Satsop River area
of northwestern Washington (section 4) was interpreted
by Rau (1966, p. 24) to be Ulatisian. The writer agrees
that localities F-36 through F-39 in the Little River sec-
tion are Ulatisian (see Rau, 1966, Figure 2). However,
the “Crescent Formation” at locality F-62 in the Canyon
River section contains Uvigerina churchi Cushman and
Siegfus, which is unknown below the Narizian. I have
studied this locality in the field and have found, in addi-
tion, Bulimina sculptilis var. laciniata Cushman and
Parker and Valvulineria menloensis Rau, which indicate
Narizian.

The Mclntosh Formation of the Centralia-Chehalis
area (section 6) has been correlated with the B-1A zone
(middle Ulatisian) of Laiming (Rau, 1956; Snavely and
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others, 1951). The evidence presented, however, does
not support this correlation, since Nodosaria latejugata
Giimbel and Amphimorphina californica Cushman and
McMasters range into the Narizian (see Baldwin and
others, 1955; Snavely and others, 1958, p. 18; Rau,
1964, p. 4, 7; Rau, 1966, Figure 5; and McWilliams,
1973b, p. 176, 1974a). Snavely and others (1958) found
one locality (f11148) which contains B-1A fossils, but
this is “Crescent Formation,” not Mclntosh Formation
(see Pease and Hoover, 1957; Rau, 1958; and Strong,
1966).

Rau (1958) interpreted a pre-Narizian age for the
lower McIntosh Formation, based on Gaudryina coalin-
gensis Cushman, Nodosaria latejugata Giimbel, Amphi-
morphina californica Cushman and McMasters, Buli-
mina corrugata Cushman and Siegfus, Bulimina cf. B.
Jacksonensis Cushman, Baggina tenninoensis Rau and
Robulus sp. C. The last-named three have not been
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reported from dated rocks outside southwestern Wash-
ington. Only one of the other four, Gaudryina coalin-
gensis, is restricted to the Ulatisian stage and older.
However, the many samples independently collected
and picked by University of Washington students from
the locality where G. coalingensis was reported (Rau,
1958, locality 9) show that it is not present. Instead, I
have found in these samples abundant Gaudryina cf. G.
navarroana Cushman, which is of unknown time-strati-
graphic value on the West Coast. Moreover, 1 have
found additional species not reported by Rau, such as
Robulus chiranus Cushman and Stone and Bulimina
sculptilis var. laciniata Cushman and Parker, which in-
dicate Narizian rather than B-1A age (middle Ulatisian).

A Narizian age for the McIntosh Formation is sup-
ported by Pease and Hoover (1957), who concluded that
in the Doty-Minot Peak area the unit is entirely late
Eocene in age (section 5). They also reported two late
Eocene localities in the underlying “Crescent Forma-
tion.” This conclusion was corroborated by Strong
(1966, p. 12-13), who reported the Narizian foramini-
fers Robulus chiranus Cushman and Stone and Nodo-
generina bradyi Cushman from the “Crescent Forma-
tion” and numerous other species indicative of Narizian
from the MclIntosh Formation of the Doty-Minot Peak
area (section 5). Therefore, given the evidence for Nari-
zian age of the McIntosh Formation and the upper
“Crescent Formation,” it is my conclusion that the
previously assigned B-1A age (middle Ulatisian) and
correlation with the Tyee Formation and Sacchi Beach
strata cannot be accepted for these formations. Both the
Sacchi Beach strata and strata formerly called Tyee
north of the Siuslaw River are now recognized to be the
older Flournoy Formation (Baldwin, 1975).

The Yamhill Formation in the Tualatin Valley area
of northwestern Oregon (section 11) is late Eocene in
age (Schlicker and Deacon, 1967). Fossils collected by
Robertson and Orr (1973) along Gales Creek at the base
of the Yamihill (section 11) include benthic foraminifers
indicative of lower Narizian. The underlying unit,
“Eocene volcanics and sediments undifferentiated,” is
also Narizian (Schlicker and Deacon, 1967).

The Yamhill Formation in central-western Oregon

P HATCHET MT

EOCENE — ~—" 7"
LYRE CONGL " SED. ROCKS® ¢ - —

V v VU SPENCER
= T v GOBLE-‘- T e —
“LATE SKOOKUMCHUCK—- COWLITZ _—° S

. COALEDO """,

(section 12) was named by Baldwin and others (1955),
who reported fossil mollusks indicative of a “late
Eocene, probably early late Eocene” age (see also
McWilliams, 1974a, p. 122-123). Stewart (1957, p. 11,
and in Baldwin and others, 1955), in apparent contra-
diction of this, assigned the Yamhill to Laiming’s B-1A
zone (middle Ulatisian). Current information does not
support his correlation. Although Amphimorphina cali-
fornica and Nodosaria latejugata are present in the
Yambhill Formation, the other B-1A zone (middle Ulatis-
ian) species reported on Stewart’s check list are not pres-
ent in my collections from the Yamhill Formation along
Mill Creek and elsewhere (McWilliams, 1973b, tables
1-5 and 7). As noted previously, Amphimorphina cali-
fornica and Nodosaria latejugata have been reported in
joint occurrence with Narizian foraminifers at many
different localities in the Pacific Northwest.

Baldwin (1964b) defined the Rickreall Limestone
Member as a part of the Yamhill Formation in the
Dallas and Valsetz quadrangles. I interpret the Rickreall
Limestone, however, to be a part of the “Siletz River
Volcanic Series” because it is Ulatisian age and because
its paleoecology closely resembles that of the “Siletz
River” (Boggs and others, 1973, p. 653-54; McWilliams,
1973b, p. 170).

I have mapped the basal contact of the Yamihill
Formation and shown that it does not interfinger with
the underlying Flournoy (formerly Tyee) Formation in
the Grand Ronde, Dallas, and Valsetz areas
(McWilliams, 1973b). In addition, I have an extensive
collection of fossils from the Yamhill Formation in this
area (section 12) indicating an age no older than Nariz-
ian. Samples from 40 ft above the base of the Yamhill
Formation in Rock Creek are Narizian (McWilliams,
1973b, localities 42-43). An exposure 100 ft above the
“Siletz River Volcanic Series” in the type Yamhill For-
mation along Mill Creek is also of Narizian age
(McWilliams, 1973b, locality 20). Although this conclu-
sion has been debated (Rau, 1974; McWilliams, 1974a),
the same section along Mill Creek has been studied by
Gaston (1974), who reported Plectofrondicularia
minuta Sullivan, Plectofrondicularia sacatensis Horna-
day, Uvigerina garzaensis Cushman and Siegfus, and

1
NARIZIAN
STAGE

|

Figure 5. Correlation of upper Narizian stratigraphic units in western Oregon-Washington below Narizian-
Refugian stage boundary. Locations of sections and references are same as for Figure 3.
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Virgulina bramletti Galloway and Morrey from the
lowermost exposed Yamhill Formation. All of these
species are unknown from below the Narizian and con-
firm my interpretation of a Narizian age for the lower
Yamhill Formation.

The uppermost “Siletz River Volcanic Series” below
this locality contains Vaginulinopsis mexicana var.
nudicostata Cushman and Hanna, which is not known
from above the Ulatisian, and Cibicides hodgei Cush-
man and Schenck, of Narizian and post-Narizian time.
The joint occurrence of these and other species
(McWilliams, 1973b, localities 18-19) indicates that the
Ulatisian-Narizian boundary is within the uppermost
“Siletz River Volcanic Series” at this locality. Therefore,
even the lowermost type Yamhill can be no older than
Narizian.

This conclusion is consistent with the Narizian age
of the uppermost “Crescent Formation” and overlying
rocks in the Satsop River area and in the Doty-Minot
Peak area of Washington—and also with the Narizian
age of the “Eocene volcanics and sediments undifferen-
tiated” and overlying rocks of the Tualatin Valley,
Oregon, area. These Narizian volcanic rocks cannot be
volcanic rocks of the Nestucca or Goble Formations
because their stratigraphic position is below the Yambhill
and Mclntosh Formations.

The lower Moody Shale Member of the Toledo
Formation is Narizian in the Newport-Waldport area
(section 15), based on mollusks (Vokes and others,
1949) and foraminifers (Cushman and others, 1949;
McWilliams, 1968, Table 2). The Moody Shale Member
overlies the Flournoy Formation (Tyee of Vokes and
others, 1949) with angular unconformity (Schenck,
1928, p. 35; McWilliams, 1968, p. 4).

THE UPPER NARIZIAN SEQUENCE

A regional unconformity (Snavely and Wagner,
1964, p. 11) separates the upper Narizian strata with
their distinctive molluscan fauna of Tejon age (Turner,
1938; Weaver, 1942) from older rocks. The upper
boundary of this sequence is an unconformity which
coincides with the base of the Refugian stage (Armen-

SW OREGON

trout, 1973). As the correlations shown in Figure 5 have
been proposed by many workers and are generally ac-
cepted, they will not be discussed further in this paper.

STRATIGRAPHIC SUMMARY

Eocene rocks of western Oregon-Washington are
generally interpreted to be an interfingering sequence of
volcanic units and coarse and fine detrital sedimentary
rocks (Snavely and Wagner, 1964; Braislin and others,
1971). The stratigraphic relations I interpret are radi-
cally different, as shown in Figure 6. The submarine
basalts in the northern and southern extremities of
western Oregon-Washington appear to straddle the
boundary of the Penutian-Ulatisian stages, although
only the Penutian portion is preserved below the uncon-
formity in the sections depicted in Figure 3. In central-
western Oregon-Washington, the submarine basalts
bestride the boundary of the Ulatisian-Narizian stages
and are therefore younger. The Narizian Yamhill For-
mation cannot be a facies of the Tyee, Flournoy, and
Bateman Formations because they are Ulatisian. Simi-
larly, the Narizian McIntosh Formation is not a facies
of the Tiger Mountain, Raging River, and Roslyn For-
mations because they are also Ulatisian. The strata
which I call “Crescent Formation” and “Siletz River
Volcanic Series” and which underlie the Yambhill-
Mclntosh are Narizian in at least the upper part and
therefore younger than any of the known Roslyn, Rag-
ing River, Tiger Mountain, Tyee, Flournoy, or Bateman
Formations. The geographic distribution of older true
Crescent and Teanaway basalts to the north and the
Roseburg and true Siletz River Volcanic Series basalts to
the south with younger “Siletz River” and “Crescent”
basalts in the middle suggests spreading of deep sea
floor away from an axis of rifting (McWilliams, 1972,
1978).

PLATE ROTATION
The plate scenario proposed to explain rifting may

also explain the clockwise rotation of western Oregon
and southwestern Washington indicated by paleomag-

N WASHINGTON

PRESENT SURFACE .

YAMHILL NA%IZ'AN

PRESENT SURFACE

MCINTOSH

TIGER MT.
e mes ULAT

PRE-TERTIARY

“SILETZ RIVER"

ISIAN
ROSLYN

“CRESCENT" TEANAWAY

NUTIAN

Figure 6. Generalized cross section from southwestern Oregon to northern Washington summarizing the correla-
tions proposed. Heavy lines mark time-stratigraphic boundaries. Light lines mark boundaries between volcanic units
(Crescent, Siletz River, Roseburg, Teanaway), fine clastic units (Yamhill, Mclntosh), and coarse clastic units
(Bateman, Flournoy, Lookingglass, Tyee, Raging River, Tiger Mountain, and Roslyn).
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SOM.Y.

40 MY, 20MY.

Figure 7. Location of plate boundaries at different times during the Tertiary. Dotted lines show present outline of
western North America between Vancouver Island and Baja California. Triangular fragment is schematic representa-
tion of part of North American Plate. F= Farallon Plate, K = Kula Plate, P= Pacific Plate, NA = North American
Plate. 60 m.y. modified after Hamilton (1969). 36 m.y. modified after Atwater (1970). 20 m.y. modified after

Hamilton and Myers (1966).

netism (Simpson and Cox, 1977; Beck and Burr, 1979).
Clockwise rotation could be due to flexural-slip folding
of the Farallon Plate between 50 and 40 m.y.b.p.
(Figure 7). The eastern portion of the Farallon Plate was
trapped between a northwesterly moving block on the
west (Kula-Farallon Plate) and a westerly moving block
on the east (North American Plate). This situation is
analogous to the clockwise-twisted Gorda Basin, which
is trapped between the Mendocino Fracture Zone and
the North American Plate (Silver, 1971).
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