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GRAVITY MEASUREMENT PROGRAM IN OREGON
John V. Thiruvathukal* and Joseph W. Berg, Jr.*
The earth derives its gravitational field from the distribution of density with-

in it and its motion. In addition, the field is affected by the attraction of
external bodies. As can be seen in Figure 1, it is layered in shells about

the central core. The density ranges from 12.3 grams/cc at the center to

o

_;_-‘-‘-\- '.’/u\)‘h
2
INNERY-CORE\
£

900 miles “J

/

\
\‘ ' /x'/

OUTER CORE

1300 miles

MANTLE

|IBOO miles
|

|
Figure 1. ‘
Cross section of the earth. CRUST -
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* Dept. of Oceanography, Oregon State University, Corvallis, Oregon.
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about 2.6 gr/cc at the surface. The average density of the earth is about
5.5 gr/cc. The gravity varies from 978 cm/sec? (or gals) at the equator
to 983 gals (or cm/sec?) at the poles. This variation is generally termed
the "latitude" effect and is due to a combination of the earth's equatorial
bulge (more mass) and the centrifugal force from rotation. Also, there may
be variations of gravity with longitude because of the figure of the earth
being better approximated by a triaxial ellipsoid than an ellipsoid of revo-
lution. Aside from this, the earth is assumed to be fairly uniform in density
distribution below a few hundred kilometers beneath its surface. However,
considerable variation of the earth's gravity field can be attributed to near-
surface mass variations.

Measurements of the earth's gravitational accelerations can be made
by modern instrumentation to 1 part in 100 million (10~2 mgal .) of the to-
tal field. These measurements are made with a gravity meter. A simplified
diagram of a gravity meter is shown in Figure 2. The instrument is essen-
tially a pendulum which is sensitive to vertical accelerations. The deflec-
tions of the beam at various locations on the earth's surface are related to
variations in the gravitational field.

Figure 3 shows an actual La Coste~-Romberg geodetic gravity meter.

In order to measure the vertical component of gravity, the meter must be
level. Also, itis thermostatically controlled to maintain an operating
temperature to within +0.1° centigrade. It is a portable instrument,
weighs about 30 pounds, and is easily carried by one man.
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Figure 2. Simplified diagram of La Coste-Romberg gravity meter.
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Figure 4. Gravity base station control in Oregon.

Gravity measurements vary about 0.1 mgal per foot of change in ele-
vation, increasing in magnifude as one goes toward the center of the earth.
For interpretation purposes, it is necessary to correct gravity measurements
to a datum elevation. Thus, the elevation of gravity stations must be meas-
vred. In some cases, when a low order (+ 10 ft.) of control is necessary,
altimeters can be used. When high-order control (+ 0.1 ft.) is required,
precise surveying techniques must be used.

It is important to have accurate gravity base-station control. This is
usually accomplished by establishing base stations in the area of interest.
The gravitational accelleration of a base station is very accurately deter~
mined. Dr. George Woollard (Woollard and Rose, 1963) initially estab-
lished about 10 gravity base stations in Oregon. Gravity values at these
stations were measured relative to Potsdam, Germany. We have upgraded
his work and increased the number of base stations to 32 (Berg and Thiruvath-

ukal, 1965), as shown in Figure 4. All other gravity measurements in the

state are relative to the gravity values of these base stations.
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Figure 5. Bouguer anomaly gravity map of Oregon (Woollard and
Rose, 1963).

More than 8,000 gravity measurements have been taken in Oregon by
oil companies, governmental agencies, and universities. Figure5 showsa
preliminary gravity map of Oregon (Woollard and Rose, 1963) based on
about 1800 measurements. The contour interval of this map is 20 mgal
(20/1000 cm/sec?).

Distinctive features of this map are: (1) the isolated highs along the
coast indicating basalt flows; (2) the steep gradient about 50 miles east of
the coast, indicating major structural features (such as faulting); (3) the
serpentine contours in the vicinity of the Cascades, probably related to the
distribution of volcanism; and (4) the generally decreasing field to the
southeast, probably related to major variations in regional geology (such
as greater thickness of the earth's crust to the east). '

Interpretation of gravity measurements is generally made in terms of
subsurface mass distributions. For example, Figure éa shows a hypothetical
observed gravity profile (corrected for latitude). The measurementsas shown
on Figure 6a would be influenced by topography and subsurface mass distri-
butions. To facilitate interpretation, the gravity readings should be cor-
rected fo the datum elevation (sea level in this case). This is done by
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Figure 6b. Hypothetical corrected gravity profile.
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removing the effects of the land mass above sea level and also applying
corrections for the elevations of the stations.

Figure 6b shows the corrected gravity profile. The effect of the sub-
surface mass is quite evident in these data. Usually, an interpretation is
made using the corrected data with the aid of high-speed computers. Inter-
pretations of gravity data are usually made of mass distributions in the crust
and mantle of the earth. In addition to the above, information regarding
the shape of the earth can be determined from the data.

Currently, more gravity measurements are being made in cooperation
with the Army Map Service to provide better station density in Oregon.
We have finished processing all data on hand for the state and are starting
a new map which will show considerably more detail than the one shown in
Figure 5. The tentative completion time is about the spring of 1966.
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* * * * *

PIERRE R. HINES HONORED

Fifty years of membership and service in the American Institute of Mining,
Metallurgical, and Petroleum Engineers has been celebrated by Pierre R.
Hines. A retired consulting mining engineer with experience in many parts
of the world, Hines was honored by the Oregon Section of AIME with the
presentation of the Society's Legion of Honor scroll March 18. He hasbeen
identified with the Gold and Money sessions which were a feature of the
past two Northwest Metal and Mineral conferences held in Portland. The
final chapter of Hines' four-part article, "What Price Gold?", appeared
in the February, 1966, ORE BIN.

* * * * *
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THE PRINCIPLE OF DISCOVERY
AND THE PROBLEMS ARISING THEREFROM*

By Raymond B. Holbrook**

The Constitution of the United States says Congress shall have power to
dispose of and make all needful rules and regulations respecting property
belonging to the United States. In the exercise of this authority, Congress
passed the General Mining Law.

The heart and core of the General Mining Law is discovery of mineral.
It is both the reward for the labor and anxiety of the discoverer and the
incentive for others to search for essential minerals.

It is very clear that discovery of a valuable mineral deposit is required
for a valid mining location. These terms are not defined in the Mining Law
and it does not indicate the extent or value of minerals necessary for a
valid location. The most frequently quoted definition of discovery is the
"prudent man rule" given in an 1894 decision of the Department of the In-
terior. This rule has now been drastically changed, the most serious changes
being made recently.

By 1933 the Department of the Interior had adopted the rule that a val-
id discovery for a placer claim located for sand and gravel required a show-
ing that the material could be mined at a profit. By 1960 this rule had been
extended to several other commonplace minerals (pumice, gypsum, lime-
stone, clay, building stone). In 1961 the Department held that a discovery
which merely warrants further exploration is not sufficient, but that the dis-
covery must warrant development of the deposit.

Until 1964 the Department of the Interior consistently maintained that
it was not necessary for metalliferous minerals to be found in paying quan-
tities or have commercial value for a validdiscovery. Then the Department
extended the marketability rule to manganese, a valuable metallic mineral,
by holding in the Denison and related cases that the claims did not have
valid discoveries because the manganese ore could not be mined at a profit.
It is generally believed that this decision eliminated the prudent man rule,
as it has been known, and extended the marketability rule to include all
locatable minerals. The marketability test requires a discovery of ore that

* Presented at the 1965 Mining Show, American Mining Congress, Las
Vegas, Nevada, October 11-14, 1965.
** Counsel, Western Operations, U.S. Smelting, Refining & Mining Co.,
Salt Lake City, Utah.
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can be mined, processed, shipped, and sold with a resulting profit.

The Department of the Interior has acknowledged these changes in the
Mining Law. | quote from a paper delivered in 1964 by H. R. Hochmuth,
then Associate Director of the Bureau of Land Management:

"There can be no gainsaying that the Mining Law of 1872 is
not administered as it was originally written and intended. There
has been a definite trend in decisions toward more stringent re-
quirements to establish the validity of the claim. The requirements
are innovations which have been superimposed on the basic law by
the need for standards which can serve to prevent the subversion of
the law for non-mineral purposes. Examples of this may be found
in the narrowing application of the rule of discovery, the employ-
ment of the rule of marketability and the concern for economic
valves...."

The impact of this concept of discovery requirements is illustrated by
applying it to locations for deposit of the following ores:

1. A newly discovered deposit of uranium ore for which there is
no present market.

2. A complex ore that cannot be treated with satisfactory results
by presently known methods, even though the deposit looks
attractive in the light of anticipated metallurgical improvements.

3. A porphyry deposit which is too low grade for a profitable min-
ing operation, but would be profitable if technical develop-
ments reduce mining or treatment costs, or metallurgy improved,
or metal prices increased.

| doubt such locations are valid under the marketability test.

Another change in rules by the Department of the Interior has increased
the risk of applying for patent. Prior to 1960, when a patent application
was denied on the ground of inadequate discovery, the Department of the
Interior merely rejected the application and the mining claimant could re-
tain possession of the claim and continue to develop it, no worse off with
respect to its validity than before the application was filed. In 1960 the
Department ruled that an adverse decision on the issue of discovery in a
patent proceeding necessarily results in a declaration that a claim is null
and void. Now an applicant for patent is betting that his claim will be
found valid; failing, his claim is lost. It isa "win or lose" proposition.

The adverse effect of the Department of the Interior's narrow and unre-
alistic discovery requirements on development of our mineral resources is
demonstrated by the decreasing number of applications for mineral patent
beingfiled and the number of patents beingissued. They are only a fraction
of what they used to be. How long will risk capital be available under a

77




system where one doing exploration work is a mere tenant at will, subject

to dispossession by the Department of the Interior; where there is no real

security of tenure until he has proven by a profitable operation that the

mineral showing he relied on in spending his labor and money is a valuable
mineral deposit.

We have referred to "erosion of the Mining Law." In my opinion, ad-
ministrative decisions have now made the law practically inoperable. It
has been admitted that the Law is not being administered as it was original-
ly written and intended. This | view as administrative legislation. [f the
Mining Law is to be repealed, the repeal should be by action of Congress
and not by an administrative course which renders it unworkable.

| believe the only real relief from these problems will come from Con-
gress' reasserting its constitutional power to make all needful rules and reg-
ulations respecting the public domain.

Until subverted, the General Mining Law served us well. It is my firm
conviction that its basic principles should be preserved. | have no sugges-
tions at this time as to how this should be done, but | am certain that the
mining industry will give all needed assistance and fully cooperate with the
Public Land Law Review Commission in developing an effective program.

* * * * *

PACIFIC NORTHWEST MINERALS & METALS CONFERENCE SET

The annual Pacific Northwest Minerals and Metals Regional Conference will
be held on April 21-22, 1966, at the Olympic Hotel in Seattle, Wash. The
conference is jointly sponsored by the American Institute of Mining, Met-
allurgical and Petroleum Engineers and the American Society for Metals.
Two days of technical sessions will include papers on a wide variety of sub-
jects. Of prime interest to Northwest geologists will be the three papers
to be presented on off-shore mining and oil exploration, with special em-
phasis on the areas lying off the Oregon, Washington, British Columbia,
and Alaska coasts.

The current interest in gold mining is reflected in three papers which
will review conditions at the Homestake mine in South Dakota, the Bralorne-
Pioneer mine in British Columbia, and the new Carlin mine in Nevada.

There will also be six papers dealing with extractive metallurgy. One
entire session will be devoted to the use of nuclear explosives in mine
blasting. Numerous other papers in the fields of exploration, geology,
physical metallurgy, and metal working will be presented. Further infor-
mation may beobtained by writing Mr. Tom Van Zandt, Registration Chair-
man, 2700 16th S. W., Seattle, Wash. 98134.

Plans are already well along for next year's meeting, which will be
held at the Sheraton Motor Inn in Portland April 19-21. One of the fea-
tures of this meeting will be the Third Gold and Money Session.

* * * * *
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LAKEVIEW URANIUM MINE AND MILL TO REOPEN

Preparations to reopen the uranium reduction plant (see photograph below)
and the Lucky Lass and White King uranium mines near Lakeview have been
announced by Clemons M. Roark, vice-president and general manager of
Continental Mining & Milling Co. of Chicago. Continental has been grant-
ed an Atomic Energy Commission contract for the sale of 230,000 pounds of
uranium oxide from ores to be produced through December 3, 1946.

Roark said his company's plans for the plant, in addition to re-estab-
lishing the leaching process for uranium ores, includes installation of a
flotation circuit for such minerals as lead, silver, gold, and copper, and
a concentration circuit for mercury. First on the agenda is the uranium,
including reopening the two mines to begin stockpiling ore, and replace-
ment of equipment in the plant itself. The start of uranium ore reduction
will depend on delivery of equipment, but Roark said he is encouraged in
having already located most of the needed machinery.

Sale of the reduction plant was completed at Eugene March 4 after
AEC announced approval of the contract. The plant was sold to Continen-
tal by Oregon Pacific Industries Corp., a local group of six investors that
bought the plant a year and a half ago from Kermac Nuclear Fuels Corp.
of Oklahoma City, with the specific idea of inducing an industry to open
an operation there andre-establish local payrolls. Negotiations with Roark
have been carried on for many months. Other members of Oregon Pacific
are Roy Matchett, vice-president, Nancy Taylor, treasurer, Jim Olson,
and Ed Taylor.

Continental has leased the Lucky Lass and White King mines from the
owners, and work has been started in opening the roads and hauling pumps
and other equipment to the mines. White King owners are Don Tracy, John
Roush, Wayland Roush, and Walter Leehmann, Jr. Lucky Lass owners are
Don Lindsey, Bob Adams, Clair Smith, and Choc Shelton.

(From the Lake County Examiner, March 10, 1966.)
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HOUSE BILLS CONCERN MINING INDUSTRY

S. 1446 - Establish National Wild Rivers System - Church (Idaho) Leg.
Bull. 65-10, p. 3). Passed, amended, by Senate January 18. Now in
House Interior Committee,

As amended would initially establish these seven Wild Rivers (all or
portions thereof): Salmon (Idaho), Clearwater (Idaho), Rogue (Oregon),
Rio Grande (New Mexico), Eleven Point (Missouri), Cacapon (West Virgin-
ia), and Shenandoah (West Virginia). Would also provide for the study of
18 additional rivers for possible later inclusion in the system.

Would not affect the applicability of U.S. mining and mineral leasing
laws within the system, except that all activities under these laws would
be subject to "such regulations as the Secretary of the Interior, or the Sec-
retary of Agriculture in the case of national forest lands,may prescribe to
effectuate the purposes of this Act."

H.R. 4665 - Deductibility of exploration expenditures - Ullman
(Ore.) (Leg. Bull. 86-T, p. 2). Unanimously approved February 7 by
House. Now in Senate Finance Committee.

Would allow a taxpayer to elect to deduct currently all exploration
expenditures incurred before the beginning of the development stage of a
mine. Would require, however, that if such exploration expenditures re-
sult in @ producing mine, the taxpayer include in his income, or reduce
his depletion deduction by, the amount of exploration expenditures proper-
ly chargeable to that mine. In addition, if a mining property is sold or
otherwise disposed of, any gain would be taxable as ordinary income to the
extent of the exploration expenditures incurred with respect to the property
sold. Would apply only to expenditures for exploration in the United States
or the Outer Continental Shelf; would apply to all minerals except coal,
oil and gas.

H. R. 8989 - Federal noncoal mine safety code - O'Hara (Mich.)
(Leg. Bull. 66-1, p. 2). Senate Labor subcommittee scheduled public
hearings on March 21 and 22 on this and similar Senate bills.

Would authorize a federally promulgated and enforced mine health
and safety code. Would also provide for state promulgation and enforce-
ment of mine health and safety regulations if the state plan is approved by
the Secretary of the Interior.

* * * * *

OREMET ADDS TITANIUM SPONGE PLANT

Oregon Metallurgical Co., Albany, has added a titanium=-sponge plant to
its facilities. Initial production has begun and the company plans fo ex-
pand the operation fo three units, each capable of producing 1.2 million
pounds of titanium sponge per year, according to Stephen M. Shelton, pres-
ident and general manager.

* * * * *
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AVAILABLE PUBLICATIONS

(Please include remittance with order. Postage free. All sales are final and no material is
returnable. Upon request, a complete list of the Department's publications, including those

no longer in print, will be mailed.)

BULLETINS
2. Progress report on Coos Bay coal field, 1938: F. W. Libbey. . . . . . $0.15
8. Feasibility of steel plant in lower ColumbiaRiver area, rev. 1940: R.M.Miller  0.40
14. Oregon metal mines handbooks: by the staff
C. Vol. [i, Section 1, Josephine County, 1952 (2nd ed.). 10225,
26. Soil: lis origin, destruction, preservation, 1944: W. H. Twenhofel 0.45
27. Geology and coal resources of Coos Bay quadrangle, 1944: Allen & Baldwin 1.00
33. Bibliography (st supplement) of geology and mineral resources of Oregon,
1947: ). E. Allen. . e = 1.00
35. Geology of Dallas and Valsetz quadrongles Oregon, rev. 1963: E.M.Baldwin 3.00
36. (1st vol.) Five papers on Western Oregon Tertiary foraminifera, 1947:
Cushman, Stewart, and Stewart 1.00

(2nd vol.) Two papers on Western Oregon and Woshlngton Terhury forommlfera,
1949: Cushman, Stewart, and Stewart; and one paper on mollusca and
microfauna, Wildcat coast section, Humboldt Counry, Calif., 1949:
Stewart and Stewart M b=l ol

37. Geology of the Albany quodrangle Oregon, 1953 Ira S. Allison .

40. Preliminary description, geology of the Kerby qucdrangle, Oregon, 1949:;
Wells, Hotz, and Cater . . .

44. Bibliography (2nd supplement) of geology and mlneral resources of Oregon,
1953: M. L. Steere

46. Ferruginous bauxite deposits, Salem HI”S, MGFIOn County, Oregon, 1956
R. E. Corcoran and F. W. Libbey - .

49. Lode mines, central Granite Mining District, Grqnf County, Oregon, 1959
Geo. S. Koch, Jr. 5 g p

51. Twelfth biennial report of the Department 1958 60

52. Chromite in southwestern Oregon, 1961: Len Ramp

53. Bibliography (3rd supplement) of the geology and mlneral resources of Oregon,
1962: M. L. Steere and L. F. Owen - S1mak 5 PN

55. Quicksilver in Oregon, 1963: Howard C. Brooks

56. Fourteenth biennial report of the State Geologist, 1963-64

57. Lunar Geological Field Conference guide book, 1965: N. V. Peferson
and E. A. Groh, editors - o HouIT N gt RS o1 o

GEOLOGIC MAPS

Prelim. geologic map of Sumpter quadrangle, 1941: J. T. Pardee and others .
Geologic map of the St. Helens quadrangle, 1945: Wilkinson, Lowry, & Baldwin
Geologic map of Kerby quadrangle, Oregon, 1948: Wells, Hotz, and Cater . .
Geologic map of Albany quadrangle, Oregon, 1953: Ira S. Allison (also inBull.37)
Geologic map of Galice quadrangle, Oregon, 1953: Wells and Walker
Geologic map of Lebanon quadrangle, Oregon, 1956: Allison and Felts
Geologic map of Bend quadrangle, and reconnaissance geologic map of ceniral
portion, High Cascade Mountains, Oregon, 1957: Howel Williams .
Geologic map of the Sparta quadrangle, Oregon, 1962: Harold J. Prostka
Geologic map, Mitchell Butte quadrangle, Oregon, 1962: R.E. Corcoran andothers
Geologic map of Oregon west of 121st meridian (over the counter)
folded in envelope, $2.15; rolled in map tube, $2.50

[Continued on back cover]
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Professor John V. Byrne
Department of Oceanography
Oregon State University
Corvallis, Oregon 97331

State of Oregon The ore Bin

Department of Geology & Mineral Industries
1069 State OfficeBldg., Portland, Oregon 97201
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Available Publications, Continued:
SHORT PAPERS

2. Industrial aluminum, a brief survey, 1940: Lesliel. Motz . . . . . . $0.10
13. Antimony in Oregon, 1944: Norman S. Wagner . . 0.25
17. Sodium salts of Lake County, Oregon, 1947: Ira S. Al[lson & Ralph S Moson 0.15
18. Radioactive minerals the prospectors should know (2nd rev.), 1955:

White and Schafer 0

19. Brick and tile industry in Oregon, 1949 J E AHen and R S Mcson 0.
20. Glazes from Oregon volcanic glass, 1950: Charles W. F. Jacobs . . . . 0.20
21. Lightweight aggregate industry in Oregon, 1951: Ralph S. Mason . . . a0
22. Prelim. report on tungsten in Oregon, 1951: H.D. Wolfe & D.J. White 0
23. Oregon King Mine, Jefferson County, 1962: F.W. Libbey & R.E.Corcoran 1

MISCELLANEOUS PAPERS

Key to Oregon mineral deposits map, 1951: Ralph S. Mason .

Facts about fossils (reprints), 1953

Rules and regulations for conservation of oil und ncturc[ gas (rewsed 1962)
Oregon's gold placers (reprints), 1954

Oil and gas exploration in Oregon, rev. 1965: Sfewart Qnd Newton
Bibliography of theses on Oregon geology, 1959: H. G. Schlicker .

Available well records of oil & gas explorationin Oregon, rev. 1963: Newfon
Articles on Recent volcanism in Oregon, 1965: (reprints, The ORE BIN)
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MISCELLANEOUS PUBLICATIONS

Oregon mineral deposits map (22 x 34 inches), rev. 1958 . . . . . . . . 0.30
Oregon quicksilver localities map (22 x 34 inches) 1946 . . . . . . . . . 0.30
Landforms of Oregon: a physiographic sketch (17 x 22 inches), 1941 . . . . . 0.25
Index to topographic mapping in Oregon, 1961 . . . . . . . . . . . . Free
Index to published geologic mapping in Oregon, 1960. . . . . . . . . . Free
Geologic time chart for Oregon, 1961. . . . . Free
Geology of Portland, Oregon & adjacent areas, ]963 U S G S Bu||efln 1119 o 2400

OIL and GAS INVESTIGATIONS SERIES

1. Petroleum geology of the western Snake River basin, Oregon-ldaho, 1963:
V. C. Newton, Jr., and R. E. Corcoran - . . . . . . .« . . . 2.50
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