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THE OREGON BUREAU OF MINES AND GEOLOGY
H. M. Parks, Director

ESSENTIAL TO OREGON’S DEVELOPMENT.
By H. N. Lawrie.

Metal Mining: 1t is a matter worth emphasizing that the Oregon
metal production for 1913 increased two hundred per cent over the
yield for 1911. The analysis of the situation given by Director H. M.
Parks, in the last issue of the Mineral Resources of Oregon, shows
that this increase is due to the successful operation of hard rock min-
ing in Eastern Oregon. The steady production year after year of
such mines as the Columbia, together with the favorable geologic
conditions, induced several good operators to enter that field and
after years of the most intelligent application of labor to develop-
ment the day has come for the reward of patience coupled with the
investment of large capital. This success would not have come, it
is believed, had mills been installed in the too early stages of under-
ground development.

Sufficient ore was first put in sight to warrant extensive milling
operations and careful mill tests were performed prior to the selec-
tion of mill equipment, so as to insure an efficient treatment when
the mill was built. To these old and new companies and their man-
agers is due much credit for thus adding to the wealth of Oregon.
They have set an example in the business management of metal min-
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ing which will serve as a gui.de to future development. Their success
will stimulate the opening up of other meritorious prospects through-
out the state.

Quarry Industry: The quarry industry of Oregon was given much
publicity early in the past summer, in an attempt to locate satisfactory
stone for use in the construction of the new Portland post office. At
its inception a public meeting was called at which representatives of
the Oregon Manufacturers’ Association, Portland Chamber of Com-
merce, Portland Commercial Club, Stone Cutters’ Union and the
Oregon Bureau of Mines and Geology were present. Resolutions
were adopted, but the most important fact brought out was the
absence of information concerning the building stone of Oregon.
The need for a systematic investigation of the quarries already opened
up, to determine the fitness of their product to enter into the con-
struction of state or federal buildings was thoroughly realized and
the Bureau of Mines and Geology Commission was requested to
make such an investigation. This they gladly agreed to do and
immediately assigned this important work to H. M. Parks. In
this number of The Mineral Resources of Oregon is the report of
his findings both in laboratory and field. The report considers all
present quarry locations but by no means does it cover the possi-
bilities of future development of the stone industry in Oregon.

Cement:  So much Portland cement has been sold and is still
being imported into Oregon that much interest has been manifested
by private and corporate capital in locating deposits of limestone
and shale for use in its manufacture.

Competition with the California manufacturers has been, up to
this last year, the controlling feature in estimating local conditions.
Washington, however, with a point of manufacture at Bellingham,
last year successfully entered the Portland market. This may change
to some degree the basis of competition for the Oregon manufacturer.
The search for suitable raw materials for Portland cement is so im-
portant that the Bureau of Mines and Geology decided to devote
considerable time to this problem. Considerable information has
already been secured and much time will be devoted to investigation
during 1914. Samples will be taken from promising deposits and
analyses and tfests made of them; and an effort put forth to assist
in every possible way those desiring to engage in the industry.

Road Metal: At the first meeting of this commission in June,



ESSENTIAL TO OREGON’S DEVELOPMENT 5

1913, stress was laid on the importance of classifying the road metal
quarries or rock outcrops suitable for road materials. In many
sections of Oregon roads have been built with a foundation of inferior
rock. This entails a very high maintenance cost and in some cases
such roads have proved impossible of repair. In order that we
might without delay come in touch with the road building agencies
of the state, the County Courts were advised that the commission
was ready and willing to cooperate with them in every way possible
in the search for and tests of the road materials of the state. The
policy of the Bureau has been further extended by the records of
our field parties who have during the past field season won valuable
data concerning the road metal possibilities in the course of their
work in different parts of the state. An issue of the Mineral
Resources of Oregon will be dedicated to this all important problem
of road making material, in which every tax payer is so vitally
interested.

The Drainage Problem: During the past August the writer
made a trip throughout Southern Oregon and the Willamette
Valley. In an address at Albany the subject of land drainage was
taken up and its importance urged at that time, on which the
following comments were made in the Albany Democrat of August
16 :—“This section is in need of a comprehensive drainage system,
both for the protection of wagon roads and to increase the agricul-
tural yield. Pursuant to assisting in this development the Bureau
proposes to test the available clays to ascertain their qualifications
for the manufacture of tile at points well located for distribution.
With this information won on first hand and presented from the
authoritative source of the Bureau of Mines, eastern manufacturers
might be encouraged to investigate conditions, which would lead to
cooperation to install such a system.” Since that time, encouraged
by employes of the Bureau, the Oregon Agricultural College special-
ists in drainage and the public press, the progressive land owners
in Benton county on the Little Muddy between Corvallis and Monroe
are establishing a drainage district there. The land owners in other
areas in the valley, due to the activities on the Little Muddy, are
also taking steps toward the formation of such distriets.

The drainage of the Willamette Valley lands is essential to an
increased population for several reasons, chief among which may
be mentioned :
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At present there is too short a crop season to permit the practice
of proper methods for keeping the soil in its most highly producing
condition.

At present the soil and subsoil layers are so saturated’ with water
for so large a proportion of each year that they warm up slowly
in the spring and growing crops can neither extend their roots to
the proper depth nor does the necessary amount of air get into the
soil for the promotion of the growth of crops.

Thorough drainage will largely correct these great drawbacks.

Comprehensive drainage systems organized wunder the drainage
laws of the state should be installed without further loss of time.

The sooner comprehensive drainage systems are installed the less
opportunity there will be for friction and opposition from people
who have already drained their land individually. The longer in-
dividual drainage is allowed to continue the higher will be the
ultimate cost of organizing drainage districts and of installing
drainage systems.

It will always be impossible to build permanent roads and to
maintain them at a reasonable cost where the bottom lands through
which they pass lie undrained.

Up to the present time, there has been expended in the State
of Iowa, over 200,000,000 dollars in draining land. Extensions in
drainage contemplated in that state will amount approximately to
250,000,000 dollars more, When completed this total of 450,000,000
dollars will represent an investment equal in amount to the cost of
the Panama Canal. These facts are mentioned to indicate that the
problem of drainage is a large one and that it will challenge all
the forces in the state to work out the necessary details. But large
as the total cost of completed drainage in Iowa is shown to be, and
however large the tofal cost of complete drainage of the floor of
the Willamette Valley would be in the aggregate, the increased
annual returns to landowners in Towa are and in Oregon will be so
tremendous that they cannot afford to do without it.

The state schools of higher education have already lent their
assistance in the solution of many phases of this problem and always
manifest a readiness to extend their aid in this same direction.

That portion of the work of drainage which comes especially
within the province of the Bureau of Mines and Geology pertains
to the raw materials for and the manufacture of the different kinds
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of drain tile, and their qualifications for accomplishing the work
in wet soils that they are designed to do. The cost of the tile com-
prises around one third of the total for the average drainage in-
stallation. It iz safe to say that the Willamette Valley is partic-
ularly well supplied with clays suitable for the manufacture of clay
tile and that, for many localities in the valley, the concrete tile can
be made to successfully eompete with the clay made article.

Mr. Ira A. Williams, who has charge of the Bureau work in the
interests of the clay and cement industries of the state has had the
advantage of being closely connected with the drainage development
that has taken place in the state of Towa and other middle states.
He is a man who is familiar with the practical details of the business
as well as the theory upon which the ceramic industries are based.

The Bureau of Mines and Geology stands ready to assist in every
possible way the landowners of the Willamette Valley in solving this
constructive problem.

As will be seen, the activities of the Bureau enmcompass a wide
range, a number of which have been discussed above. It is being
realized by many authorities that the law creating the Oregon Bureau
of Mines and Geology, enacted by the last legislative assembly, is one
of the best of its kind and the most progressive of the laws governing
geological surveys and mineral resource development in the states.

It is apparent now and will become more so as we approach the end
of the present year that the employes of the Bureau are furnishing
information which is indispensable to the development of the mining
industry of Oregon.
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PRELIMINARY REPORT ON BUILDING STONE IN OREGON.
By H. M. Parks.

There has been considerable publicity in the past few months
concerning Oregon stone for Oregon buildings, a number of in-
dividuals in the state even going so far as to take the matter up
with our senators and representatives at Washington to bring in-
fluence to bear with the Supervising Architect of the Treasury
Department to give more attention to Oregon stone. In this way
it very soon developed that there was little information available
concerning the quality and location of Oregon building stone.
Numerous requests were made that the Oregon Bureau of Mines and
Geology secure this information.

The Bureau decided to undertake the task and the writer de-
voted such time as he could spare from other duties to the examination
of the different quarries and outcrops.  Representative samples
were taken from each quarry, together with notes on the general
conditions surrounding them. The data obtained in this way take
into consideration the general building stone qualities which can
be observed in a quarry such as color, effect of weathering, jointing
and bedding, as well as economic problems to be anticipated in
quarrying, such as overburden, situation as to transportation, ete.

Lest this report be mistaken for a complete treatise upon the
building stone resources of the state, the writer wishes to say at
the outset that only those quarries are described here which are
within a reasonable distance from transportation and which had
sufficient development work done upon them to warrant the con-
clusion that there is a considerable quantity of stone available. In
a few cases outcrops with little or no quarry development are in-
cluded which are favorably situated.

From the samples taken at each quarry test pieces were prepared
in the form of cubes varying from two and one-half to four inches
in each dimension. Nine of these pieces were tested by the Bureau
of Standards, Department of Commerce, Washington, D. C. In
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CONSIDERATIONS IN SELECTING BUILDING STONES 11

estimating the amount of stone necessary to make the test pieces it
was not understood that the government required so large a
number of cubes for the standard physical tests. As a consequence
the number of pieces it was possible to make of each sample was
somewhat less than was expected. The specifications of the Bureau
of Standards requires the use of nine cubical blocks of the dimen-
sions given above. It was found that some of the samples collected
furnished twelve test cubes and others only eleven. There remained
therefore in some cases three, and, in other instances but two of the
cubes over those required for the government tests.

It was originally intended to provide two sets of test pieces, one
for the government tests and a second to be tested in the laboratories
of the Experimental Engineering Department at the Oregon Agri-
cultural College. The few remaining cubes of each stone were sub-
mitted to Professor S. H. Graf and the tests of them were made.
These results checked in the main with those of the Bureau of Stand-
ards but because of certain unavoidable disparities arising naturally
from averaging the results on so small a number of test pieces, it
seems scarcely fair to Professor Graf to separately quote his results
in comparison with the government standard test which requires
the use of the much larger number of pieces. The results from the
government tests are given in tables found on pages 30 and 40.

GENERAL CONSIDERATIONS IN SELECTING A BUILDING STONE.

The most important considerations in the selection of a building
stone are its architectural adaptability; its durability in use; and cost.

Architectural Adaptability. Of the qualities which determine
architectural adaptability, to the individual who has a discriminating
taste, color is the most important property of a building stone. The
predominating colors are white, gray, brown, red, yellow, buff, green
and black. The importance of color is largely a matter of individual
taste or opinion and is often determined largely by the character and
purpose of the structure in which the stone is to be used. Of late
years the lighter colors are by far the more popular. This is es-
pecially true in the Oregon climate where we have many cloudy days.

The color of any rock is mainly a composite one which results
from the blending of the separate colors of the constituent minerals.
Uniformity of color is, of course, greatly to be desired in the stone
from a certain locality or quarry. It is oftentimes a matter of
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great difficulty in erecting a large building to secure uniformity of
ghade throughout the building for the reason that rocks rarely persist
in exactly the same color over a considerable area. Not only are
different beds in the same quarry often markedly different in shade
but different portions of the same bed are apt to vary to some extent
in this respect.

The quality of a building stone is sometimes impaired by the
change in color which results from the alteration of certain minerals
due to exposure to the weather conditions. For example, the sul-
phide (pyrite) or carbonate of iron (siderite) although themselves
rather light colored, change on weathering into limonite, which is
a dark brown mineral. Hence even a small crystal of either of these
minerals produces a brown spot, or if the crystal is exposed at the
surface, a blotch or streak of rusty iron stain across the face of the
stone. Other easily weathered minerals may produce a pitted or
roughened surface.

When used for inside ornamental purposes a stone does not suffer
materially from weathering and the natural color will ordinarily
remain permanent. The selection of the stone in such a case be-
comes merely a question of personal taste or judgment. A color
will be chosen which harmonizes with the surroundings and other
interior finish in the building. In flooring or steps the color should
not be the controlling factor, but rather the capacity of the stone
to withstand or resist abrasion,

For monumental purposes the particular inclinations of the pur-
chaser is again the controlling factor, although durability should be
first. Marble and granite are the commonest stones used for this
purpose. Marble is very common because less expensive and easily
worked and polished, but granite is replacing it for monuments be-
cause of its greater durability.

The texture of a rock is also an important factor in its appearance.
By texture is meant comparative size, shape, manner of contact and
arrangement of the mineral particles of which it is composed. It
is a property so closely allied to color that it is doubtful if these
two properties are ever observed singly. For example, a granite or
crystalline limestone is usually more pleasing in appearance than
a sandstone or massive limestone though the two may be identical
in shade when viewed from some distance. Even in a single rock
such as a sandstone the size, shape, and arrangement of the particles
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have much to do with its appearance. Some of the coarser particles
in such a rock may possess a color in marked contrast with the
groundmass and produce a mottled effect which may or may not
be pleasing. In general, texture is a property which the individual
more or less unconsciously uses along with color in determining
the architectural adaptability of a building stone. The finer and
more uniform textures, other things being equal, are the more
popular.

Durability. The inherent qualities of a rock by which it is able
to withstand the attack of the different agencies of weathering and
to endure the conditions it meets in use are termed its durability.
The durability of a rock may be studied from the standpoint of its
mineral composition, its texture, hardness, strength and structure.

The methods of determining the value of a stone for building
purposes, therefore, are: The observation of the stone as found in
the quarry and adjacent natural exposures; the examination of the
stone where it has been wused in buildings, monuments, ete.;
laboratory tests. No one of these should be considered sufficient in
itself but whenever possible all three should be applied.

Many very important observations can be made at and in the
neighborhood of the quarry. For example, it is not only the hest
place to ascertain the uniformity in color and texture of the rock,
but, as has been pointed out, it is also the most favorable place to
note its durability and the permanence of its ecolor. The value of
the deductions from these observations depends of course very
largely upon the accuracy of them and the experience of the
observer.

No better idea of the durability of huilding stones can be had
than by the careful examination of buildings which have been
erected for a number of years. Such inspection is especially useful
in ascertaining the permanence of the color and the presence of
deleterious minerals which will usually show on the surface within a
very few years. It is not uncommon that certain building stones shell
off on the sides of the building that are exposed to the most severe
‘weather conditions. A poor quality in the stone may thus be detected.

Lahoratory tests for determining the qualities of building stones
are of three kinds: chemical, microscopic and physical. Chemical
analysis for example determines the presence and amount of certain
deleterious substances in the stone, such as ferrous iron in distinction
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to ferric iron, the former, on account of its lower state of oxidation,
being much more susceptible to alteration than the latter. The
presence of argillaceous or clayey material and proportion which it
bears to the total mass may also best be determined by this method.

Very much may be learned of the structure, mineralogical com-
position and general character of most rocks by a careful mieroscopic
examination. Oftentimes important rock structures are brought out
by such examination that would otherwise pass unobserved. The
accurate determination of the mineral composition is of greater
value than the chemical analysis. It is also much less expensive.
By means of the microscope and a thin section of the rock one can
recognize both the component minerals and their state of aggregation,
two exceedingly important items in the consideration of a building
stone. This is the most practical way which has yet been found to
ascertain the reasons why certain rocks flake, erumble, or scale off
when exposed to the weather.

Of the physical tests the most common are: absorption, or the
capacity to take up moisture, strength, or resistance to crushing with
the stone in both the wet and the dry conditions, also crushing tests
after repeated freezing and thawing.

By far too much emphasis is usually placed upon the crushing
strength of a rock. Most all rocks are many hundred if not
thousands of times stronger than is ever required of them in a
building. When it is considered that the mortar which is used in
laying building stone will usually stand a weight of about 1200 to
1500 pounds to the square inch, it will easily be seen that there is
no particular advantage in having the rock in the same column
capable of sustaining a pressure ten or more times as much as the
strength of the mortar. In all of our sky scrapers the load is
carried upon the steel structure. To show that even the weaker
rocks are strong enough for extremely high buildings it may be
stated that the pressure on the stone in the base of the Washington
monument, which is 555 feet in height, is but 315 pounds to the
square inch.

The results of the absorption test are used as a basis for estimating
the danger from frost and from ordinary weathering. It is a common
error to assume that danger from freezing is directly proportional
to the absorption of a stone or its porosity. No doubt there is some
relation between the two but it has recently been shown that the
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size and the way the pore spaces in a rock are related to or con-
nected with each other has more to do with its resistance to frost
action than has the total amount of pore space. Often a rock which
has very high absorption shows no ill effects from continued freezing
and thawing. The freezing and thawing tests of the volcanic tuffs
of Eastern Oregon given in table on page 40, typically illustrate
this fact.

The freezing and thawing test is very useful in determining the
behavior of a rock under frost conditions. The rock is first saturated
with water then repeatedly frozen and thawed. Its crushing strength
is then compared with that of the same rock crushed wet. The
laboratory test of this kind more nearly duplicates the actual con-
ditions to which building stones are subjected in use in regions of
freezing temperatures than is probably the case in any other test.

Cost. The three main factors which determine the cost of a
building stone are the quarry conditions, its workability, and situation
with reference to transportation. Two of the most important quarry
conditions to be considered are the amount of overburden, that is
the quantity of waste rock and soil which must be removed in order
to get at and to quarry the rock which is desired; and secondly,
the spacing of the joints and bedding planes. This last is especially
important as joints and bedding largely determine the size and to
a considerable extent the shape of the blocks which may be obtained.

Uniformity of color, freedom from objectionable minerals and
waste rock or overburden, advantageously developed joint systems
and bedding, will evidently reduce the cost of quarrying per cubic foot.

The workability of the rock includes the comparative ease with
which it can be tooled, sawed, planed or polished. There are mno
satisfactory methods known outside of practical experience for de-
termining the comparative workability of building stones. Omn this
account I am depending upon the concensus of opinion of the older
stone workers of the state who have worked all of the different
stones which come into the Portland market. Since at the present
time the Tenino stone from Washington is used a great deal in
Oregon and sinee, also, it is a stone which works as easily as any
other stone in the Oregon market, we may arbitrarily select Tenino
stone as a standard of workability. On account of the wide use
and popularity of Tenino stone we may also refer to it in comparison
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with other stones in the matter of color and other physical
properties.

From the standpoint of cost alone, Tenino sandstone is probably
the most favorable of any stone which comes into the Portland
market. The most popular criticism directed against it is its dark
color. As noted above the tendency in our Oregon climate, which
is rather somber in winter yet free from the glaring summer sun,
is to select the lighter shades. So, if a lighter colored sandstone or
limestone could be had in the Willamette or Columbia Valley
territory, or contiguous to water transportation, it would, other
factors being equal, doubtless be able to compete very successfully
with Tenino stone.

OREGON GRANITES.
AsHLAND GRANITE, JACKsON COUNTY.

One of the most promising outerops of granite which the Bureau
has had the opportunity to examine is found in the southern part
of Jackson county about seven miles southeast of Ashland on Neil
creek and about one and one half miles west of the Southern Pacific
railway. Granite outerops occur over many square miles in this
section but it is probable that the most promising locations for
quarry sites are to be found on one side or the other of the canon
of Neil creek. The Penniston Granite Company of Ashland has
had certain options on some of the most favorable outcrops in this
region. Their options have, however, been recently taken over by
W. M. Blair of the firm Schanen-Blair Company of Portland. Mr.
Blair has purchased 120 acres, forty acres in section one of township
forty, and the south half of the southeast quarter of section thirty-six
in township thirty-nine south, range one east, known as the Ross tract,
and is preparing to open up a quarry for handling granite on a large
scale.

There has not been sufficient excavation work done to constitute
a quarry in this granite. However, the Penniston Granite Company
has worked up a considerable amount of the large boulders of weather-
ing which are found on the surface, and the monumental granite ob-
tained from these blocks is giving excellent satisfaction. (Fig. IIL.)

The rock is a rather fine-grained bluish gray granite. The prin-
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cipal minerals are feldspar (both orthoclase and plagioclase), biotite,
magnetite and zircon. With a more accurate classification petro-
graphically, the rock might prove to be more nearly a granodiorite
in mineral composition but for the purpose of this report it is a
granite.

The granite is quite similar in color and texture to the “Barre”
granite of Vermont. A polished section of the rock is shown in Fig.
It is remarkably uniform in its texture and color, works
well, breaks with equal ease in all directions, is hard and tough
when fresh but slightly less so when weathered. It fractures very
smoothly for granite. The weathering of the outcrops in this sec-
tion varies somewhat in different places but in general the exposures
show fresh, unaltered rock. The large, loose boulders already men-
tioned often show little or no weathering at a depth of four to six
inches from their surfaces. The effect of slight weathering is to
lighten the color, due probably to the beginning kaolinization of the
feldspars. Where considerably weathered, biotite has stained the rock
slightly yellow or brown, but even in this condition no deterioration or
crumbling is in evidence. The process of weathering is so slow,
however, that any discoloration would not appear except after long
periods of time.

The joints vary in spacing on the surface from six feet apart in
some of the best places to only a few inches in the less favorable, A
quarry site could easily be found where joints are measurable in feet.
There are no sulphides in the rock itself but the joints are sometimes
filled with quartz and occasional grains of pyrite, the weathering of
which in places produces an unimportant amount of iron stain on
the surface of the stone.

The Neil creek granites are a part of a very large granite intrusion
in the neighborhood of Mt. Ashland. In faect, Mt. Ashland is al-
most entirely a granite mountain. The geologic relations of this
granite will be treated in greater detail in Dr. A. N. Winchell’s
report on this region which will be published later in the year
by the Oregon Bureau of Mines and Geology. The streams
in this section have cut deep canons with precipitous walls of which
Neil creek canon is a type. On the canon sides the rock outcrops
sometimes almost bare and in no place requiring much stripping
of soil. The question of locating a quarry site, therefore, is one
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of selecting an area in which the spacing of the joints of the rock
gives promise of good quarry conditions,

The Ashland granite is pleasing in color and texture, is durable
and so far as we can now judge, compares favorably in all the
desirable qualities such a stone should possess, with the best com-
mercial gray granites. See Fig. L.

Gorp Ray Quarry, Jackson County.

The Gold Ray Granite Company’s quarry is located in Jackson
county near Tolo station on the Southern Pacific railroad, the quarry
being sufficiently above the track as to permit of economic handling
of the material directly into cars. The rock is a coarse-grained
gray granite, which resembles to some extent the granite
in the neighborhood of Ashland. The latter is described in detail
in another part of this report. The Gold Ray granite has a darker
color, however, and is not so fine grained as the Ashland stone. The
important minerals are quartz, orthoclase and plagioclase feldspar,
black mica and hornblende. The black minerals are not uniformly
distributed, the hornblende particularly occuring in rather large
grains. This lack of uniformity is noticeable in only certain portions
of the quarry,

The jointing in this quarry is not especially well developed or
regular and quarry operations are thereby considerably handicapped.
The quarry has been idle for some time, but has been recently leased
to the County of Jackson and will probably be operated exten-
sively for road materials in the near future on account of the
extensive hard surface roads which are to be built in that county.

The location of this granite deposit is so favorable with reference
to transportation that there appears no good reason why the better
blocks should not prove suitable for building and monumental pur-
poses, while the balance of the stone may continue serviceable as
road metal and ballast.

Harves Quarry, Bager County.

The Haines quarry is situated near the center of section twenty-
seven, township seven south range thirty-nine east in Baker county.
The nearest railway station is Haines which is on the Oregon-
Washington railway about two miles west of the quarry. The
quarry is reached by a good wagon road. It is owned and operated
by the Northwestern Granite Company of Baker, Oregon, and
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Granite Qutcrops Near the Top of Mt. Ashland, Jackson Co.

Haines Quarry, Baker County Granite.
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furnishes practically all the granite rock used in the neighborhuod
of this city.

The rock is a medium-grained, rather dark gray granite, the dark
color being due to a considerable proportion of black minerils such
as biotite and hornblende. There are a number of zenoliths or knots,
that is, small segregations largely composed of black minerals, in
different parts of the quarry face. For instance, there were ob-
served in a single block twenty feet by four feet by three feet six
dark colored knots, one about a foot in diameter, the others from
two to six inches. The granite in the quarry as far as opened shows
characteristic spheroidal weathering. This is a structure often found
near the surface in various kinds of rocks. Such weathering pro-
duces more or less rounded boulders or spheroidal masses by t