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LETTER OF TRANSMITTAL

The Honorable John Brooke Fink, Director
Department of Conservation and Development
Olympia, Washington

Dear Sir:

I have the honor to present a report on the “Clays and Shales of Washing-
ton,” with the recommendation that it be published as Bulletin 24 of the
Geological series.

This report presents the geologic information resulting from a state-wide
investigation of the resources and technology of Washington clays undertaken
as a triple cooperation between the United States Bureau of Mines, the Engi-
neering Experiment Station of the University of Washington, and the State
Geological Survey. The technological study was supervised by Hewitt Wilson,
Ceramist, U. S. Bureau of Mines, who prepared the section on “Methods of
Testing Washington Clays” for this report.

With few exceptions, the description of individual deposits and plants is
based on personal observation by the author, thus insuring both authoritative
character and comparative value rarely attained in such comprehensive
reports.

In view of the widening interest in the use of clays not only in ceramics
but as a source of metallic aluminum and for other industrial applications, it
is believed this report will be of particular value.

Respectfully yours,
HaroLp E. CuLVER, Supervisor of Geology.
February 10, 1941
Pullman, Washington




INTRODUCTION

The study upon which this bulletin is based was begun in
the summer of 1919, when the writer canvassed the State for
samples from the many clay and shale deposits and for data on
their geology. Nearly every county was visited the first season,
and in those where high-grade clays were known or where there
was a possibility of their occurrence, great care was exercised
to obtain as complete information as possible on clay resources.

A preliminary investigation was made of these 20-pound
samples, after which the most promising localities were again
visited and 100-pound samples were taken. During the summer
of 1920 the counties and other areas that had been omitted in
the previous work were investigated; so the samples and infor-
mation then at hand not only were pertinent to particular de-
posits but could be used as indicative of the clay resources and
possibilities of the whole State.

The samples were tested by Hewitt Wilson, Professor of
Ceramic Engineering, College of Mines, University of Washing-
ton, and Nonmetallics Engineer, U. S. Bureau of Mines, assisted
by Ernest T. Goodner, Fellow in Ceramics, under a cooperative
agreement between the Washington Geological Survey, the Col-
lege of Mines at the University of Washington, and the U. S.
Bureau of Mines. Tabulated results of these tests are included
after the description of the various clay occurrences in the fol-
lowing report. Later, more exhaustive tests were made by
Wilson of the larger and more promising samples and those data
were incorporated by him in what was intended originally to be
a companion bulletin to this, published (as Bulletin No. 18) by
the Engineering Experiment Station, University of Washington,
in 1923.

As the expected funds for publication of the present report
were not forthcoming when the work was completed, the data
have been available only in the files of the Division of Geology.
In 1936-37, additional field work was done and the report was
completely revised to include the recent as well as the earlier
data.

SCOPE OF PAPER

In view of the labor and expense of making physical analyses
of so many samples and the doubtful benefit to be derived from
chemical analyses, it was decided to eliminate the chemical in-
vestigation. Previous investigators and private individuals have
made many such analyses, and all these results that are available
have been included in appendix 2. Unless analyses are made
continually of the clay being worked, they amount to no more
than a general indication of the composition of the clay type.
A similar indication is obtainable by referring the samples men-



2 Clays and Shales of Washington

tioned in this report to the listed analyses that have been made
from previous samples taken on the same or related deposits.

In preparing the report, stress has been laid on the geology
of the various clays rather than on the technology of the clay

industry. The broader phases of clay work are outlined and
briefly discussed for the ready reference of the general public;
but those whose interests lie particularly in this specialized field
are referred to the many excellent books and articles on this
subject alone. The objects strived for in the report are to list
the different types of clay occurring in the State and to show the
geographic range of each type; to make data on the physical
characteristics of these clays easily available; and, finally, to
show the relations between clay, rock, and geologic processes,
whereby areas may be classified as to their possible clay types
or lack of such materials.

ACKNOWLEDGMENTS

The investigation of Washington clays from the viewpoint of
the ceramist in addition to that of the geologist has largely been
made possible through the active interest of Mr. Hewitt Wilson.
This association with Mr. Wilson has been particularly enjoy-
able and his contributions to the study are greatly appreciated.

Thanks are due the many operating companies and indi-
viduals who have cooperated in the collection of data. A uni-
formly hearty response has been received throughout the State
to inquiries on the operation of plants and on occurrences of
clays. This helpful attitude is greatly appreciated and has con-
tributed markedly to the completeness of the report.

Statistics of production are largely from published reports
of the U. S. Geological Survey and the U. S. Bureau of Mines;
hitherto unpublished statistics are contributed through the cour-
tesy of the U. S. Bureau of the Census.
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1891. Bethune, George A., Mines and minerals of Washington: First Ann.
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ization on Washington clays and gives three analyses.

1892. Bethune, George A., Mines and minerals of Washington: Second Ann.
Rept. of State Geologist, pp. 63-67, Olympia. Includes a brief generali-
zation on Washington clays, repeats the analyses of the First Ann. Rept.
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1902. Landes, Henry (and Roberts, Milnor), The nonmetalliferous resources
of Washington except coal: Washington Geol. Survey Ann. Rept. for
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Falls Fire Clay Co.
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Landes, Henry, The clay deposits of Washington: U. S. Geol. Survey
Bull. 260, pp. 550-558. Gives some statistics on clay products and pro-
duction and describes deposits in the vicinity of Seattle, Spokane,
Sopenah (Vader), and Yakima.

Landes, Henry, Cement resources of Washington: U. S. Geol. Survey
Bull. 285, pp. 377-383. Gives analyses and brief descriptions of clays
in Ferry, King, Okanogan, San Juan, Skagit, Snohomish, Stevens, and
Whatcom counties and discusses their utilization in the manufacture
of Portland cement.
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operating in the State and gives statistics on production from 1913 to
1918. Includes map showing location of plants.

Wilson, Hewitt, The clays and shales of Washington, their technology
and uses: Univ. of Washington Eng. Exp. Sta. Bull. 18. A very com-
prehensive report on properties of clays and clay testing. Compares
typical Washington clays with several standard clays and gives the
results of complete tests made on clay samples obtained by the Wash-

ington Geol. Survey. Intended as a companion report to Bulletin 24
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Tullis, E. L., The clays of Tertiary age in northern Idaho and eastern
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Goodspeed, G. E., Recrystallization replacement of small dikes and sills
(abst.): Geol. Soc. America Proc. 1934, p. 329.

Landes, Henry, The mineral resources of the Columbia River in eastern
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Session, House Document No. 103, vol. 2, pp. 1068-1076. Includes a
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physical properties and the results of exhaustive tests on representa-
tive samples.

Chelikowski, J. R., Geologic distribution of fire clays in the United
States: Am. Ceramic Soc. Jour., vol. 18, pp. 387-388.

Glover, Sheldon L. Oil and gas possibilities of western Whatcom
County: Washington Div. of Geol. Rept. of Investigations No. 2. Gives
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sion of the possibilities of oil and gas occurrence.

Glover, Sheldon L., Nonmetallic mineral resources of Washington:
Washington Div. of Geol. Bull. 33, pp. 18-28. Discusses briefly the clays
of the State and gives the location and suitability of deposits for refrac-
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To the above list of specific reports there may be added the
following:
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U. S. Bur. of Mines Min. Res. and Min. Yearbooks. Statistics on clay and

clay products and production.

U. S. Bur. of the Census reports. Statistics on clay products manufacture.
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ORIGIN OF CLAY

DEFINITION OF CLAY

Clay is a soft, earthy aggregate, consisting essentially of a
hydrous aluminum silicate, that is plastic when wet but hard
and brittle when dry. Shale is a more or less laminated rock,
one which tends to split along the original laminae of bedding,
that is formed from the induration of clays, muds, or silts. Dif-
ferent shales may vary greatly in hardness, but all lack plas-
ticity without treatment. The term also is erroneously used to
include mudstones, which are rocks similar to shale but lack a
marked fissile structure.

ROCK SOURCES OF CLAY

Necessarily, the rocks containing the largest amount of alu-
minum silicate minerals will, upon disintegration and decompo-
sition, produce the most clay. To be of the greatest value, the
clay must contain a minimum of iron compounds; so a rock
formed of feldspar, or feldspar and quartz, with but little of the
accessory minerals, will produce the “purest” clay. Examples
of these are the granites and pegmatites such as occur in the
northeastern part of Washington. Other crystalline igneous
rocks such as monzonite and syenite, high in feldspar and nor-
mally containing only minor amounts of the femic minerals, also
are prominent sources of the better grade of light-colored clays.
However, clays of some type, although possibly very impure, are
derived from practically all igneous rocks even including the
basalts.

Some metamorphic rocks give rise to excellent clays. This
is particularly true of gneiss, which, with granite, has been the
source of the best clays of the Spokane area. Other metamor-
phic rocks may decompose to clay, though they do not as a rule
produce deposits of high quality. In fact, the low-fusion dark-
firing characteristics of many Washington clays appear to be due
to admixtures of materials derived from schists, slates, and ar-
gillites that have a relatively high content of iron and fluxes.

Sedimentary rocks such as sandstone and shale give rise to
clay upon disintegration to the extent that clay or feldspar was
originally present in the rock. When exposed to weathering
influences, the clay substance may be washed from the accom-
panying sands and impurities, or it may be so abundant that,
when the rock breaks up and softens, the included sand grains
and other foreign matter will not prevent the whole mass being
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classed as clay. Instances are common throughout Washington,
especially in the coal areas of the western region. In many parts
of the United States clay is derived by weathering of limestone,
but this is a rare rock in Washington, and such clays are not
known to occur.

MINERAL SOURCES OF CLAY

Many aluminum silicates form secondary compounds upon
alteration. As clay is composed of such compounds, it is a sec-
ondary material. The most common and important silicates of
this type are the feldspars, and a table of these with their chemi-
cal composition follows. Other common silicates which may
alter to clay are: augite, biotite, and hornblende.

Chemical composition of feldspars (Dana)

Speces l Silien Alumina Potash Soda Lime Barium oxide
| (Si0z) (Alelts) (Kl (Naxl) Qa0 (Bad)
Orthoclase, ..,..... : .7 18.4 S e e P e e e e
Hyalophane., . ... .. | a2 22.0 7.0 1.0 15.0
Microcline.......... 5.0 18.0 L TR S e e e e e ) e SR e
Anorthocluse 6.0 20.0 4.0 1.0
Alhite, . 22,0 b L) e R 12,0
Oligoclase 2.1 i e Pt 5.0
Andesine ., AT 57.0 72t R ey e 7.0
Labradorite........ 3.4 BRAE | a T 13.0
Anorthite. ......... 3.0 e L ek, .0
WEATHERING

When any rock mass is exposed to the weather, many agen-
cies are continually at work breaking it into smaller parts. The
rock will contain joints, resulting from deformational stresses,
lesser cracks from long-continued periodic changes of tempera-
ture, and igneous masses may contain fractures resulting from
contraction of the rock when originally cooled. As rain water
percolates into these fissures, the rock is affected below the
surface, and in cold weather the force of the freezing water may
open greater cracks and break off fragments, while the action
is further aided, under varying conditions, by plant roots. The
result is the disintegration of the rock into small angular frag-
ments or even sand. This mechanical weathering is accom-
panied by a chemical phase, or decomposition, and either one
is an aid to the processes of the other.

Rain water containing carbon dioxide, and ground water
containing organic acids, are active in bringing about the decay
of rocks, for nearly all rock minerals are soluble or subject to
alteration in these solutions. The following common minerals



0 Clays and Shales of Washington

are listed in the order of their relative solubility or ease of alter-
ation.”

1. Nepheline 6. Hornblende 11. Orthoclase
2. Leucite 7. Tale 12. Biotite

3. Olivine 8. Serpentine 13. Muscovite
4, Apatite 9. Epidote 14, Quartz

5. Augite 10. Plagioclase

The process is slow and complex, involving the solution and
removal of some minerals and the chemical change of others to
hydrous silicates. These new minerals are soft and easily af-
fected by the mechanical processes and so aid in disintegration
and make erosion more effective. Where protected from erosion,
percolating waters may later remove the soluble products of
decomposition, while the clay substance, aluminum silicate, re-
mains and is concentrated. Quartz, freed by the disintegration
of the original rock, becomes the sand grains found disseminated
through most residual clays, and muscovite, slow to decompose,

is likewise commonly present. When the parent rock contains
but little of the femic minerals and is high in feldspar, and
if the soluble salts, the impurities of clay, have been well leached
out, this decomposition produces a white clay, kaolin, in which
the mineral kaolinite predominates.

The formation of the kaolin minerals nacrite and, particu-
larly, dickite, by the action of thermal waters and gaseous
emanations connected with igneous activity is not considered
here, although it is a recognized process and may have been
responsible for the origin of certain clays in both eastern and
western Washington.

EROSION AND SEDIMENTATION

If erosion is as active as decomposition, the clay, as soon as
formed, will be swept away by wind or water and deposited in
some other place. Under such conditions, the formation of
residual clay on the site of the original rock is reduced to a
minimum, but beds of transported clays are produced in other
localities. The products of rock weathering are worked over by
rain water, are gradually moved to the foot of slopes, and finally
carried away in the streams. Clay particles and silt are usually
carried in suspension, while larger sand grains and pebbles are

' rolled along the stream bed. In this manner, material may be
transported a great distance from its original source. When-
ever the velocity of a stream is retarded, some of the load of
sediment is deposited. A small check to the current will cause
gravel and sand to fall, while silt and clay will still be carried.
If the velocity undergoes a sudden complete check, the whole

@ After Buckman, H. O., Chemical and thsical processes involved in formation of
resic\l—ual clay: Am. Ceramic Soc, Trans., vol, 13, p. 336, 1911.
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load of the stream will be dropped, and the bed of sediment
thus formed will be poorly assorted. The most complete grad-
ing of material is brought about by a stream flowing into a lake
or sea; here the gravel and sand is deposited near the shore,
while the clay is laid down in deeper water. In this manner
great thicknesses of sediments are formed and separate strata
may be quite distinct.

When erosion proceeds at a faster rate than rock decay, the
transported material will contain very little clay but will be
chiefly silt, sand, and gravel. Great beds of silt occur throughout
northern Washington, produced by glaciers grinding to powder
the rocks over which they passed. This “rock flour” is formed
also by the grinding effects of boulders rolled by swift streams
along rocky channels. The silts are almost invariably high in
fluxes and iron, for they have the composition of the original
hetrogeneous rocks from which they were formed, without ben-
efit of the leaching and purification that clays normally receive
to some degree before and during transportation.

CHANGE IN CLAYS AFTER DEPOSITION

Geologic processes may greatly alter clay deposits subse-
quent to their formation. The action may be either mechanical
or chemical and may add to or detract from the commercial
value of the clay. -

COLOR CHANGE

The effect that is most noticeable is the change in color as a
result of weathering. Nearly all clay deposits show some shade
of brown or yellow at the surface and for an irregular distance
beneath, while the unweathered clay may be blue or gray.
This is mostly due to the oxidation of iron compounds contained
in the clay, but may be the result of iron oxide-bearing solutions
working through a hitherto iron-free clay. Instances of the first
process are particularly common in the glacial clays of the
Coast, while those of the second are common among the white
clays near Spokane. Iron oxide may be deposited on joints an
parallel to them and give to some deposits a deceptive effect
of bedding.

LEACHING

Ground water percolating through a clay bed may leach out
soluble compounds and lower the content of fluxes. Carbon
dioxide or weak organic acids in the solutions facilitate the re-
moval of soluble salts and may, by changing the iron to soluble
compounds, produce a whitened clay. Thus high-grade fire
clays occur in the coal measures, for the abundant vegetation
and plant decay favorable to the formation of coal probably
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increases the leaching activity of the swamp waters by adding
various acids which act on the undersoils, removing iron and
fluxes and, consequently, increasing the percentage of alumina.

Sediments such as sand and silt may, through decomposition,
become impure plastic clays. Feldspars in an arkosic sand
decompose so the deposit becomes a clayey sand, as in the
Hammer Bluff formation of King County; or glacial silts may
alter to soft clays, as, no doubt, has occurred rather generally
under the influence of abundant moisture in the deposits of
western Washington.

CONCRETIONS

Many deposits of clay contain lenticular or odd-shaped stony
masses called concretions. These vary both in shape and com-
position. Examples are numerous in the clay deposits along the
Columbia River near Wenatchee, where they range from the

size of a bean up to 2 inches or so in diameter. At Chewelah in
Stevens County, calcareous concretions about the shape of a
lima bean are abundant. Such concretionary bodies at times
attain great size; in the coal-measure shales of western Wash-
ington they commonly measure many feet in length. Concretions
may have various compositions such as silica, iron carbonate
or oxide, or calcium carbonate, but always differ from the main
mass in which they are found. Presumably, they form through
the redeposition of some dissolved minor constituent of the
sediment about a center, or, as is often the case, about a nucleus
such as a shell or leaf fragment.

INDURATION

Clays, sands, and gravels, in beds totaling thousands of feet
in thickness, have been laid down in past geologic times. The
pressure of such great accumulations of sediments, together
with partial dehydration, chemical cementation, and crustal
movement, may result in consolidating the materials to shale,
sandstone, and conglomerate. Shales differ from clays primarily
in being harder and more compact. They have a lower water
content and lack plasticity when fresh, and they are associated
with sandstone rather than with sand. The feature of hardness
varies greatly in different shales; some, although compact, may
be cut as easily as wax; others are flintlike and break into con-
choidal chips when struck with a hammer. They are usually
characterized by a lamination or cleavage parallel to the bed-
ding, but this is not apparent in some beds. A fissile structure
may be a depositional feature, or it may be developed by move-
ments of the bed, such as folding, causing slippage and orienta-
tion of the particles composing the shale; but however caused,
this characteristic is accentuated by weathering. Unweathered
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shale, shale that has undergone but little movement, and even
some highly folded shale, may be massive and show no more
“shaly” structure than clay. Such rocks are better termed
claystone or mudstone, though this distinction is seldom made
in industry.

With further dehydration and consolidation, shales are meta-
morphosed to argillites. These are rocks that show no noticeable
secondary cleavage. Still further metamorphism, commonly by
folding under great pressure, produces slates which show well-
developed secondary cleavage without regard to the original
bedding. Both argillites and slates have had most, if not all,
properties destroyed that give ceramic value to the ordinary
argillaceous materials.

SOFTENING

Clays, and particularly shales, where exposed to the weather,
as at their outcrops, are somewhat softened and disintegrated.
This is due to frost action and other mechanical agencies and to
the addition of vegetal matter; or it may be caused by the re-
moval of soluble material which has cemented the particles
together, or by the addition of water to partially dehydrated
material. Since clays and other argillaceous sedimentary rocks
are already residues or end products of both mechanical and
mechanical weathering, they are only slightly susceptible to
these influences, and such action is relatively shallow, com-
monly being represented by little more than the soil mantle.
Nevertheless, weathering or any other process, either natural
or artificial, which results in the disintegration of shale in the
presence of water will commonly return it to its original con-
dition of soft, plastic clay. In this, shales differ from argillites
and slates in which plasticity can be recovered with great diffi-
culty, if at all.
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CLASSIFICATION OF CLAYS

Clays are classified in different ways, and it depends upon
the purpose of the classification as to which system is used.
Geologically, it is most important to use origin as a basis; in
commercial work the use to which a clay can be put determines
its type; in technology a clay’s physical properties are dis-
tinguishing features. In a description of a clay, use is made
of all these classifications whenever possible.

CLASSIFICATION BY ORIGIN

The following outline shows the geologic origin of various
clays:

I. Residual clays.

A. Clays derived in place from igneous rocks.

a. Kaolin, derived from granite and other feldspathic rocks.

b. Ferruginous, impure and beidellite-type clays, derived ordi-
narily from igneous rocks rich in augite, hornblende, or
other femic minerals.

B. Clays derived in place from metamorphic rocks.

a. Kaolin, derived from gneiss and other feldspathic metamor-
phic rocks.

b. Kaolin or clay, derived from schist, argillaceous guartzite, or
argillaceous marbles.

C. Clays derived in place from sedimentary rocks.

a. Surface clay, derived from shale.

b. Surface clay, derived from argillaceous sandstone.

c¢. Surface clay, derived from argillaceous limestone.

II. Colluvial clays.
Kaolins and clays practically residual but shifted by gravity.

ITI. Transported clays.
A. Alluvial (fluviatile) clays, those transported by streams and de-
posited on flood plains and deltas.
B. Lacustrine clays, those deposited in lakes.

C. Estuarine clays, those deposited in bays or submerged mouths of
rivers.

D. Marine clays, those deposited in marine waters.

a. Littoral clays, those deposited near shore.
b. Pelagic clays, those deposited offshore in deep water.
E. Glacial clays, those transported by ice.
a. Till, boulder clay, unassorted material resulting from the
erosional action of ice.
b. Aqueoglacial clays, those formed by glacial action and
assorted by water action.

F. Eolian clays, those transported and deposited by wind.
Loess, dust, and silt.
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RESIDUAL

Clay formed in place from the weathering and decomposition
of rock is termed residual. Such clays are not particularly
abundant in Washington because in most parts of the State the
relief is such that the material is removed by erosion as soon
as formed. Clays of this type form a sheetlike mantle sometimes
of great lateral extent. Their vertical depth is known to exceed
100 feet in some parts of the United States, and some deposits
in Washington have thicknesses nearly as great.

The greatest beds of residual clay would be expected among
rocks of greatest geologic age, but no rock is too young to have
some alteration, although it may be very slight. Also, the
character of the original rock has a direct bearing on the rate
of decay. Those of the basic igneous types, such as basalt, are
affected by weathering much more rapidly than the acidic ones,
such as granite. In fact, it has been shown that the rate of
decay, texture remaining constant, is dependent upon the
basicity.

When decomposition is incomplete “rotten rock” is formed.
Some such materials, especially among the granites, may still
appear like the unaltered rock, but when touched they disin-
tegrate to sand and kaolin. These are not true clays, as they lack
plasticity, but they may sometimes be rendered plastic by treat-
ment. In residual deposits from limestone, the transition from
clay to hard rock may be abrupt; in deposits from most other
rocks, clay grades into coarse sandy material or “rotten rock”
and finally into fresh resistant rock.

COLLUVIAL

So long as clay remains in place, where it was formed, it
belongs to the foregoing group of residuals. When such clay
is formed on a slope, it will gradually creep to the bottom under
the influence of gravity, aided usually by surface water, and it
is then classed as colluvial clay. Although the distance traveled
may be small, it is in places sufficient to allow a certain selective
bedding to appear in the deposit. Many seemingly residual
clays are no doubt properly colluvial in nature.

ALLUVIAL

Streams that carry large amounts of sediment have periods
of flood and slack water, and at any time the rapidity of the
current will vary in different parts of the channel. Under these
variable conditions, alluvial sediments may accumulate in one
place while previous deposits may be removed from other points.
This results in poorly classified deposits, commonly lenticular in
form and, from the commercial viewpoint, of low value.
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LACUSTRINE

In lakes the coarser gravels and sands will be deposited near
shore while the finest clays remain for a time in suspension and
so eventually will accumulate in the deeper water away from
shore. Such clays are mostly well assorted and consequently
low in sand content; they may be formed in beds of considerable
thickness. Well-preserved leaf fossils are commonly found on
the bedding planes of these sediments and indicate the lacustrine
origin of the series. The drainage area of a lake is relatively
small, so there is less chance for the admixture of impurities
common to marine formations; and if the lake happens to be in a
granite area, especially pure clays will accumulate.

The beneficial effect of leaching is commonly apparent in
sediments originating in ponds and swamps where plant life
has been abundant. Water, carrying carbonic and other feeble
acids, extracts iron as soluble ferrous carbonate from soils and

clays. Such iron-bearing solutions in stagnant lakes and swamps
are oxidized and the resulting ferric hydroxide, being insoluble,
floats for a time as an oily-appearing film; it finally sinks to
the bottom where it forms a cement around sand grains or, when
abundant, forms a layer of limonite, or bog iron. The presence
of this heavy rust-colored segregation of iron oxide is some-
times taken as an indication that the clays in connection have
been leached of their iron and are consequently light firing.
This inference may be misleading, as in the instance of certain
Latah beds in the Spokane area.

MARINE AND ESTUARINE

These clays are formed when sediments are laid down in the
sea and in broad river mouths. It is not unusual for materials
of this kind to have great areal extent, and they may accumulate
in formations thousands of feet in thickness. A large series will
show much variation in texture, grading from the finest clays to
silts and coarse sands. Individual strata, however, may be
very uniform and sharply separated from each other. Most such
sediments in Washington, in fact, all older than Pleistocene. are
indurated to shales, mudstones, and related rocks. They show
the lack of purity that would be expected of materials from
such divers rock sources. brought by innumerable streams, and
mixed by ocean currents.

GLACIAL

The material carried by ice is a hetrogeneous mixture of
rock fragments ranging from the finest powder to huge boulders.
As left by the receding ice, this debris is unassorted and is called
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boulder clay or glacial till. As water works through the drift,

the finer sediments may be removed to be later assorted and
deposited in lakes and ponds. Thus, aqueoglacial clays are
formed, only differing in origin from ordinary alluvial and la-
custrine clays by the part played by ice in their formation.
Their physical characteristics, however, are very different, as
the component grains, the rock flour, are the result of the abra-
sive action of the ice instead of decomposition, and there has
been scant opportunity for the removal of the iron and fluxes
contained in the original rocks.

EOLIAN

Eolian clays are usually found in an arid or semiarid country.
They are deposits, sometimes rudely stratified, that have re-
sulted from the accumulation of wind-borne particles of dust
and silt. Examples are abundant in Washington and are de-
scribed in more detail under the heading of Whitman County.
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CLASSIFICATION BY PHYSICAL PROPERTIES

The availability of any clay for commercial purposes is de-
termined by its physical properties. For a specific purpose only
a few tests may be needed, but if an unknown clay is to be
classified, it is important to know as much about these prop-
erties as possible. Some have a very important bearing on the
use to which the clay is to be put, while others merely establish
the rank of the clay in its particular class. Clays are sometimes
named from the result of these tests, but such names must
always be qualified, as they do not, by themselves, completely
describe the material.

Classification of Clays by Physical Properties

1

; Light firing f Dark firing
Properties {Buff, gray, white) (Red, brown)

Used mainly for

Refractory (fusing above | ' |

cone 27) : e
Mealy (nonplastic) Whiteware, refractories (Occurence rare)
Plastic Ball clay, whiteware, (Occurence rare)
refractories [
Flintlike (nonplastic) Refractories | (Occurence rare)
Semirefractory (cone 10 to | |
27)
Vitrifyving gradually Pottery, stoneware, Sewer pipe, pav-
| terra cotta [ ing brick,

i hollow block

Vitrifying suddenly Low-grade refractories | .................

Nonrefractory (below

cone 10)
Vitrifying gradually | Sewer pipe, face brick, Vitrified brick,
pottery | sewer pipe,
(oceurrence rare) hollow block
Vitrifying suddenly Face brick, pottery ‘ Common brick,
(occurrence rare) drain tile,
| flower pots

CLASSIFICATION BY USE

Clays are commonly classified according to the purpose or
article for which they are intended. This practice tells but little
about the clay itself, for similar clays may be used for a number
of purposes, and widely different clays may be used in different
places for making similar ware. The terms in commonest usage
and the clays to which they apply are given below.

Adobe is a calecareous silty clay used in southwestern United
States and in Mexico for making sun-dried brick. The term is
applied to any clay which dries hard in the sun.
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Ball clay is a very strong, plastic white-firing clay, rather re-
fractory, that is used as a part of the clay body in whiteware
manufacture to give plasticity and strength to the mixture.

Brick clay is a common sandy plastic clay that fires hard at
moderate temperatures. The requirements for a clay suitable
for common brick are not exacting, and suitable material occurs
almost universally. For the better grade of brick (face, vitri-
fied, fancy, pressed), clays are used that have a moderately long
firing range and sufficient impurities to give a certain desired
color.

China clay is a white-firing, usually highly refractory clay
that contains a minimum of fluxing or coloring impurities. A
low-plastic residual clay composed almost entirely of kaolinite
and free silica is what is usually referred to by this term, but
some plastic sedimentary clays of similar compositions are also
included. Such clays are seldom naturally suitable for use but
must first be purified by washing, after which they are mixed
with ground feldspar, flint, and ball clay to form the body in
the manufacture of whiteware, porcelain, decorative tiles, and
other high-grade products.

Fire clay must possess high refractoriness (not fusible below
cone 27 or 28) and sufficient plasticity to retain the desired form
before firing. It is sometimes possible, by mixing a highly re-
fractory nonplastic material with a suitable bonding clay, to
produce a very satisfactory product. Care must be used, how-
ever, to not introduce fluxing impurities with the plastic clay.
Fire clay is used for fire brick and shapes, furnace linings, re-
fractory cement, crucibles, and other such heat-resisting ware.
It is sometimes used, as well, for floor tiles, terra cotta, pressed
brick, and paving brick.

Fuller’'s earth is a clay that may only be described as having
the power to absorb certain basic colors and thus eliminate them
from liquids containing them. Any attempt to define such clays
by color, composition, or general appearance is impossible, as
the only test is whether or not the given clay will do the re-
quired work. Different kinds of fuller’s earth behave differently
under ordinary clay-testing conditions, while many clays act the
same as fuller’s earth, except in the final absorption test. The
earth is used for bleaching, clarifying, deodorizing, and filtering
waxes, fats, greases, and animal, vegetable, and mineral oils.
It was formerly used for “fulling” cloth, removing the natural
oils from the fabric, but now other processes have virtually sup-
planted it.

Paint clay is used in an unfired condition. It is finely ground,
mixed with oil, and forms the body for some kinds of mineral
paints. Highly ferruginous, or ocherous, clays and shales that
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are free from grit are mostly used, but those low in iron are suit-
able for fillers.

Paper clay must be pure white and free from sand. Usually
washed kaolin is required. It is used unfired as a filler to give
body and weight to various kinds of paper, and the best grades
are used for surfacing calendered paper.

Paving-brick material is fairly plastic when tempered, con-
tains sufficient fluxing impurities to vitrify at a medium tem-
perature, and should possess a rather long temperature range.
It fires to a red color and produces a dense, resistant body of
high tensile strength and toughness. It is used for making pav-
ing brick or block, and sewer pipe.

Pottery clay is a buff- or white-firing clay that is sufficiently
smooth, tough, and plastic to be workable on a potters’ wheel
and yet hold its shape during drying and firing. A low flux
content is desirable. It is used for making art pottery, yellow

ware, and earthenware; also in modeling.

Sewer-pipe clay possesses about the same physical char-
acteristics as paving-brick clay but must stand up well and
not warp during firing. This property is sometimes obtained
by adding a little fire clay to the mixture. It is used for making
sewer pipe, conduits, flue lining, and structural hollow block.

Slip clay is a very fine, even-grained clay that is red firing
and easily fusible. It is mixed with water to a creamy consist-
ency and sprayed over some kinds of pottery and stoneware to
form a glaze, or the ware may be dipped into tanks of the so-
called “slip”.

Stone-ware clay is a refractory or semirefractory clay or
plastic, tough, low-shrinkage clay mixture that will fire to a
dense vitreous body of buff or gray color. The physical char-
acteristics are somewhat similar to those of pottery clay. It is
used in making stoneware, yellow ware, earthenware, and terra
cotta.

Terra cotta clay is usually a buff-firing and semirefractory
clay that is similar in physical properties to stoneware clay.
Good behavior during drying and firing is essential, and free-
dom from soluble salts is desirable. The increase in the use of
terra cotta for ornamental and general structural purposes has
led to greater care being used in selecting clays for the purpose
than was formerly thought necessary.
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CONSTITUTION OF CLAYS

MINERALOGY

From the method in which clays are formed, from different
rocks and under variable conditions, it might be expected that
nearly as many minerals would be present in clay as were con-
stituents of the original rock mass. This is true, not for a par-
ticular clay, but for clays in general. A great variety of mineral
fragments, mostly microscopic in size, are noted when different
clay samples are examined. They represent stable aggregates,
difficult to decompose; others in which alteration has progressed
to various degrees but is not complete; and still other minerals
that have been added or that are secondary and have formed
from the recombination of elements freed in the decomposition
of the rock. A hydrous aluminum silicate, sometimes spoken of
as the basic “clay substance”, belongs to the last-mentioned
class. In the highest-grade white clay, known as kaolin,
this essential silicate is predominantly the mineral kaolinite,
Al,0,.2+Si0,.2H,0, but may be the rare mineral nacrite or
the relatively uncommon one dickite, both having the formula,
Al,0,.28i0,.2H.0. Other hydrous silicates may be present or
predominate in a clay and these, together with various impur-
ities and nonessential minerals, give great variety in chemical
composition and physical properties. They include halloysite,
Al.O,.2+Si0,.nH,0; allophane, Al.O,,Si0O.,,nH.,O; montmorillon-
ite, MgO.Al,0,.5Si0,.nH.O; beidellite, Al,O,.3Si0,.nH.,O; nont-
ronite, (Fe,Al).0,.2S5i0,.2H,0; and a potash-bearing clay sub-
stance of uncertain formula.

Clays are sometimes simple in composition and so the con-
stituent minerals are readily determined with a microscope;
other kinds are more complex mixtures, and, owing to their
generally fine state of subdivision, it may be very difficult to
recognize any but a few of the minerals present. A list of
such minerals includes kaolinite and all related hydrous alumi-
num silicates, quartz, sericite, muscovite, limonite, chlorite,
siderite, monazite, talc, epidote, calcite, feldspars, hematite,
pyrite, marcasite, zircon, topaz, tourmaline, zeolites, rutile, man-
ganese oxides, biotite, gypsum, hornblende, ilmenite, magnetite,
dolomite, glauconite, cassiterite, staurolite, and lepidolite. The
first five or six are common constituents of most clays; the
others occur probably in about the order in which they are
listed, those toward the end being comparatively rare. All these
except the kaolinic minerals are impurities and nonessential

iy Ross, C. 8., and Kerr, P. F., The kaolin minerals: U. 5. Geol. Survey Prof. Paper
165-E, 1931.
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from the mineralogical standpoint, but they introduce chemicals
which have a decided influence on the commercial use of the
clay.

CHEMICAL COMPOUNDS

For ceramic purposes the chemical analysis of a clay is only
of general classification value, and in only few instances are the
data used in commercial work. The reason for this is that the
analysis throws no light on the actual mineralogic state in which
the various chemical compounds occur, listing them all as simple
oxides, while their action is influenced largely by their state of
aggregation. Physical tests are much more informative and
from them may be obtained the applicability of a clay for any
specific purpose. However, analyses are necessary if the clay
is desired for metallurgical purposes or in the manufacture of
cement. There is the probability that analyses may aid in the
proper compounding of glazes for various clay bodies. Also,

within limits, they allow inferences to be drawn as to the behav-
ior of the clay in working and firing.

The chemical analysis of a clay gives the compounds which
form the minerals present in the sample. Seldom are more than
ten determinations made, and usually several less.

SILICA

Silica is present in clay as an essential constituent, forming
46.3 percent of kaolinite and also being combined with other
silicates, such as feldspar and mica. It is present, free, as quartz
in sand, and as such lessens the plasticity and shrinkage of clay
and increases the porosity of the ware. It is not an active flux,
although when finely ground and mixed with kaolin it lowers
the fusion point. A high proportion of silica indicates a rela-
tively low water content, low shrinkage, and low plasticity.

ALUMINA

This is an essential constituent of kaolinite and allied min-
erals and is also present in many other silicates. Its proportion
in clay is extremely variable and ranges from less than 10 per-
cent in lean, sandy clays to 39.5 percent in pure kaolinite and
even higher if some minerals such as bauxite or diaspore are
present. The refractoriness of clay and many other properties
depend largely on the alumina content. High-grade clays should
have nearly the chemical composition of kaolinite (alumina,
39.5 percent; silica, 46.5 percent; and combined water, 14 per-
cent), and so an analysis gives the degree of purity.

WATER

Combined water is chemically a part of clay and is theo-
retically present to the amount of 14 percent in the mineral
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kaolinite. It is driven off at a temperature between 500° and

600° C. when the ware is fired. A high content of combined
water may indicate a high drying and firing shrinkage, and a
tendency of the clay to crack. Very plastic clays are commonly
of this character.

HYGROSCOFIC WATER—PORE WATER

The film of water that adheres to each clay grain is termed
hygroscopic water. It is driven off at 100° to 110° C. but is
recovered from the air as soon as the clay is exposed to the
ordinary atmosphere. To this small moisture content, even
present in seemingly dry clays, is added the extremely variable
and, in plastic clays, large amount of pore water. This is the
water mechanically held in the pore space, between grains, in
all clays that have been in actual contact with water. It may
amount to as much as 40 percent in freshly mined clays, but is
eliminated by air-drying.

IRON COMPOUNDS

Iron may be present in clays in several forms, and it is
owing to its compounds that clay and clay products, in gen-
eral, show characteristic colors. Clays containing over 3 per-
cent iron oxide, and without excess lime, are mostly dark firing.
An influencing factor is the distribution and fineness of grain
of the iron compound.

The carbonate, siderite, FeCO., when present may be evenly
disseminated throughout or occur as concretions. During the
firing the liberation of carbon dioxide and the formation of
ferrous oxide, an active flux, renders clay containing much
siderite unsuitable for most purposes.

When iron occurs as a sulphide, pyrite or marcasite, FeS.,
acid vapors are given off on firing and ferrous sulphide is set
free. This is an extremely active flux, and so clays or shales
containing pyrite require great care in handling and are usually
unsatisfactory, especially for high-grade ware. It is seldom
economically advantageous to attempt to better clay by remov-
ing this mineral from the raw material, although it can be done
by concentration methods. Some of the soft clays of western
Washington contain pyrite in abundance, and material which
might otherwise be classed as fire clay is greatly lowered in
value.

The ferric hydroxide, limonite, 2Fe.O,.3H.O, is the most
common iron compound in clays, though the nonhydrous oxide.
hematite, Fe,O,, may occur, particularly in shales. Because of
it, clays are stained and become uniformly reddish brown and
yellow in color in degree depending on the amount present. It
gives a red color to fired ware, but otherwise its effect is gen-
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erally good, causing a moderate fluxing action which usually
is easily controlled.

The various iron compounds are calculated together in most
analyses as iron oxide, Fe,O,, and as such may range from a
mere trace in some clays to over 30 percent in others.

LIME

Calcium carbonate, CaCO,, is the form in which calcium is
usually present in clay, although all its compounds are given
as the oxide, Ca0, in analyses. It may also occur in silicate
combinations, as in feldspars, in the form of sulphate, gypsum,
CaS0,.2H,0, or as the phosphate, Ca,(PO,),. Calcium carbon-
ate may be a residual constituent of the clay, or it may be derived
from limestone and mechanically deposited with the clay, or
may owe its origin to chemical or organic processes active during
the clay-forming period.

Lime in this State is not present in the clays in sufficient
quantity to cause serious difficulty. Aside from the content of
a few deposits closely associated with limestone, the usual
amount ranges from a trace to 2 or 3 percent. The glacial clays
and silts are higher in this constituent than most other clay
types. In a few places, calcium carbonate concretions are scat-
tered throughout the clay and must be removed or thoroughly
ground to prevent injury to the ware.

Calcium carbonate changes to calcium oxide during the
firing process. This oxide is not harmful if evenly distributed
through the ware, but if it is concentrated, as in pebbles, it will
slake when the ware is exposed to the weather, and the conse-
quent swelling usually disrupts the piece. At high temperature,
lime unites with the silica and certain other constituents of clay
to form an active flux, so, other things being equal, the greater
the amount of lime and other fluxing agents, the more fusible
the clay. This inference is useful though not accurate. The rate
of vitrification may be undesirably rapid if as much as 5 or 10
percent of lime is present, particularly if accompanied by other
fluxes. Lime, under certain conditions, has a reducing effect,
and if present in sufficient quantity may prevent the formation
of red iron compounds and so give the ware a buff color. Calcium
sulphate, gypsum, has about the same effect on fusion as the
carbonate, but it is slightly soluble in water, and so forms an
efflorescence on the surface of ware when exposed to the
weather. This white discoloration detracts from the value of
the product.

MAGNESIA

The magnesia content of clays is from the decomposing orig-

inal magnesium silicates forming the clay mass and from mag-
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nesium carbonates associated with calcium. Its effect is similar
to that of calcium, but it is less active in its action during firing.

ALKALIES

The so-called alkalies include soda (Na.,O), potash (K.O),
and lithia (Li,O) and are included in clay in remnants of the
original silicates, particularly feldspars, from which the clay was
formed and in their decomposition products. When a fluxing
action is desired, the alkalies are very beneficial, as they pro-
mote a gradual vitrification. To obtain this, feldspar is added
to china clays in the manufacture of high-grade products.

TITANIUM COMPOUNDS

Rutile (TiO.) and ilmenite (FeTiO,) are present in many
clays, but usually in small quantity. They give a titanium con-
tent (reported as TiO.) to the clay, though its effect is lost in the
greater activity of other fluxing impurities.

MANGANESE COMPOUNDS

Manganese is seldom present in sufficient quantity to be
noticeable. It is occasionally added to a clay body or slip to
give some special color effect to the fired ware.

ORGANIC MATTER

Organic matter is a common impurity in transported clay. It
is mostly very finely divided and may be present in amounts
sufficient to mask the color of the iron oxides. Such clays range
from light brown-gray through brown to black in color, the
depth of tone depending on the amount of the finely comminuted
organic material. In its capacity of introducing colloids and
bacteria into clay, organic matter may have a beneficial effect
on the plasticity, an effect that is not clearly understood. It
burns out during the firing of ware and then is apt to cause
a porous product, while the carbon dioxide evolved may cause
a swelling of the fired pieces. It is otherwise undesirable
because of its effect on the oxidation of the iron contained in
the clay.
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WORKING PROPERTIES OF CLAY

Certain peculiar physical properties of clay make the ceramic
industry a possibility. Some of the properties are essential, such
as plasticity, while many others are very important and have a
direct bearing on the use of the particular clay. Still others
are recognized but have less commercial application. A list
includes the following:

Physical Properties of Clays

Original properties Prefiring characters Firing effects
Color Plasticity Loss of volatile parts
Hardness Water of plasticity Incipient fusion tempera-
Texture Bonding power ture
Slaking Shrinkage and deforma- Vitrification temperature
Porosity tion during drying Fusion temperature
Specific gravity Tensile strength Vitrification range
Porosity
Color
Tensile strength
Hardness

ORIGINAL PROPERTIES

COLOR

The color of raw clay is usually due to the presence of iron
oxides, but organic matter is a common coloring agent and so,
to a lesser degree, are the manganese compounds. Color, when
considered with other properties, is useful to the experienced
clay worker in identifying clays. It is little indication of the
fired color, however, and therefore must be used with caution.

HARDNESS

Some shales or mudstones are very hard and “flintlike”;
others are only slightly consolidated and may be cut easily with a
knife. Dry clays are sometimes soft and “mealy”, and others are
firm and compact. The latter are commonly brittle but may be
tough and resistant to pressure. This property of hardness de-
pends upon many factors, such as cohesion between grains, tex-
ture, and compression undergone. The method of handling the
clay and the type of grinding machinery used must be based to
some extent on the degree of hardness.

TEXTURE

A good idea may be had as to the fineness of grain, uniformity,
and sand content of a clay by its “feel” when taken between the
fingers, when tested between the teeth, and when cut by a knife.
Plastic clays that are fine-grained and low in sand will feel
unctuous, “greasy’”, or “soapy’’; a cut surface of such clays, es-
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pecially when damp, will have a waxlike sheen. An exact
method of determining fineness of grain is by passing a sample
through sieves of various mesh. The fineness of grain appears
to be closely related to other physical properties such as plas-
ticity, porosity, and temperature of fusion, but exact inferences
are difficult to draw. In general, high shrinkage, tendency to
warp and crack, slow drying, and low fusion are associated with
extreme fineness of grain. Such conclusions are by no means
infallible.
SLAKING

Slaking is the property of crumbling into an incoherent mass
that is exhibited by clays and by many shales when they are
placed in water. Some soften without marked disintegration;
others separate into minute flakes. The time consumed by slak-
ing varies with different samples from almost instantaneous to
many days. It is taken as an indication of the amount of grind-
ing and working needed to put a clay or shale into a usable
plastic condition, a material that will not slake being probably
low or lacking in plasticity.

POROSITY AND SPECIFIC GRAVITY

Porosity and specific gravity of dry clays are sometimes
determined, but so far no useful inferences are made from them.

PREFIRING CHARACTER

PLASTICITY

Plasticity involves the ability of clay to be molded while wet,
to retain the given shape when dry, and to then have sufficient
strength to withstand a certain amount of handling. As with
most of the physical properties, plasticity has no definite, ac-
cepted measure, but is judged mostly by the feel of the wet clay
between the fingers. By this method, with a little practice, the
degree and character of plasticity is determined, and is spoken
of as: very plastic; fat, rich, rubbery, or waxy; sticky-plastic;
medium plastic; and nonplastic, lean, and poor.

As the degree of plasticity varies with several factors, it is
subject to some control. Thus, it may be reduced by the addi-
tion of a nonplastic material to the clay, such as sand, ground
feldspar, or “grog” (fired clay). Preheating has a similar effect
on plastic clay. On the other hand, a lean clay can be rendered
more plastic by blunging with water and removing the sand that
settles out; or a highly plastic clay may be added, though care
must be taken to introduce no harmful impurities. Also, an
increase in plasticity of a given clay or shale may be brought
about by fine grinding (particularly in the presence of water),
prolonged pugging or kneading, extended weathering and aging,
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or by the addition of colloidal substances such as dextrin, gela-
tin, gum, and colloidal silica. Some clays, better termed mud-
stones, practically nonplastic, can be rendered sufficiently plastic
to be used without bond by very fine grinding in a ball mill.
In this connection see the results of tests on the Kummer flint
clay, page 129.

WATER OF PLASTICITY

Water of plasticity is the water required to “temper the
clay”, that is, make it the proper consistency for molding. It
varies with different clays and shales. A large amount of water
indicates a tendency to crack on drying.

BONDING POWER

The ability of the clay to hold less plastic material together

in a strong, plastic mass is its bonding power. Clays exhibiting
this property in high degree are valuable in many industries.

An actual trial is the only test of this property, although high
plasticity is a general indication.

DRYING SHRINKAGE

Water in plastic clay fills the pores and forms a film around
each clay grain. While drying, there is a constant evaporation,
from the outer surface of the piece, of water that is forced to the
surface by capillary attraction from the interior. With the loss
of this water, the grains move closer together, and there is a
shrinkage and readjustment of the mass until the grains are
actually in contact. The amount of linear shrinkage is deter-
mined by measuring between two marks before and after dry-
ing the test piece, the result being in terms of percent of wet
length. A range from 1 or 2 to 36 percent was obtained on
various clays during the testing of Washington samples. Vol-
ume shrinkage may be calculated from linear shrinkage with
sufficient accuracy for ordinary purposes, but the results do not
hold true for flat pieces, as in these the greatest amount of shrink-
age is at right angles to the flat surface. When greater accuracy
is desired, some type of volumeter may be used where results
are based on the displacement of liquid by the test piece.

To know the amount of shrinkage and the action during dry-
ing is of great importance. Dies and molds must be made so
that the ware will be a certain size after shrinkage is complete,
and the clay must remain uniform so that continual changing
of dies will be unnecessary. If shrinkage is great, there is a
tendency to warp and crack during drying unless great care be
exercised, and because of this many clays would be useless with-
out added treatment. To overcome this trouble, ware made
from such clays is dried very slowly, sometimes in closed rooms
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and at times covered with wet cloths. A more common way is

to add to the clay body less plastic material or nonplastics such
as sand and grog. A more elaborate method, but one which is
being increasingly used with very good effect, is the humidity
drier system whereby the ware is placed in a very humid hot
atmosphere, the content of water vapor being gradually de-
creased until the ware is dry.

TENSILE STRENGTH

Tensile strength is important, as it indicates the relative re-
sistance to abrasion and pressure shown by dry ware. If the
tensile strength is too low, ware stacked in the kilns will not
stand the weight of the upper layers. The ordinary tensile-
strength test, as applied to concrete, is generally used in testing
for this property. Samples may range from 30 to 350 pounds to
the square inch, but 100 pounds is usually considered ample for
most ware,

FIRING EFFECTS

Certain effects take place when clay is heated that greatly
alter the physical properties of the clay.

LOSS OF VOLATILE MATTER

Hygroscopic water is still present in small amount and is
driven from the ware during the “water-smoking” period at a
temperature of from 100°to 150° C. The chemically combined
water of the hydrous minerals in the clay is driven off between
400° and 700" C. without particular effect on the firing of the
ware. Organic matter is a common impurity in clays and shales
and its combustion may raise the temperature of the kiln too
rapidly; also, the gases liberated may combine with minerals in
the clay, influencing the character of the ware, or they may be
drawn off too rapidly, causing a porous or bloated product. Sul-
phur is liberated from the distillation of pyrite, and, at about the
same temperature, 400" to 650" C., carbon dioxide is evolved
from the carbonate minerals present. These gases must all be
allowed to escape before oxidation can be properly completed,
for if fusion should set in first, the result would be a vesicular,
bloated product.

INCIPIENT FUSION

Materials which in themselves are difficultly fusible, when
heated together may fuse at a much lower temperature. A com-
mon example is calcium and silica. These fuse and form cal-
cium silicate, which may interact with other minerals in the
formation of complex silicates. All the compounds listed as
fluxes operate in a similar manner and vary the nature of the
resulting product. The temperature of incipient fusion is very
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low in some clays and high in others, ranging from about 900° to
1,200° C. When that temperature is reached, the compounds
having the lowest melting point in the clay fuse, and, if they are
present in sufficient quantity, the ware, on cooling, will be steel
hard. Common brick is usually finished at this heat.

VITRIFICATION

As the temperature is raised, more of the clay material is
fused until, without loss of shape, nearly all the pore space be-
tween unfused grains is filled with the viscous, semimolten
matter. On cooling, the ware then has a vitreous luster and is
very dense and homogeneous. Porcelain and chinaware bodies,
stoneware, paving and foundation brick, and sewer pipe are
commonly fired to this point.

FUSION

With a still greater increase in temperature, the entire body
becomes viscous from an excess of fused material, and thé ware
tends to lose shape and flow. In testing clays the “cone fusion”
is the temperature, expressed in cones (p. 30), at which the
clay deforms and fuses. Clinker brick are those which have
been raised to the fusion temperature.

VITRIFICATION RANGE

Vitrification range is a very important factor in the working
of any clay. It is the difference in temperature between incipient
and viscous fusion. Many clays containing a large proportion of
fluxing compounds become viscous and lose shape almost as soon
as vitrification commences; other clays may vary 200° or more
between these two points. The range should be greater than
the difference in temperature between the cooler and hotter por-
tions of the kiln used, else some of the ware will be melted when
the rest is underfired. Some short-range clays, and they include
the common glacial clay of western Washington, can be handled
if care is used in loading the kiln and in firing, but there is al-
ways the danger of spoiling a large part of the burn.

SHRINKAGE

Fire shrinkage takes place during firing and increases the
total shrinkage of the ware. It is caused by the loss of chemi-
cally combined water in the raw clay, by the formation of sili-
cates of greater density, and by the filling of pore space during
vitrification. A high-shrinkage clay must be carefully fired to
prevent cracking the ware; also, since the lower courses in a kiln
are under great pressure, which restricts adjustment during
shrinkage, a lower tonnage output per kiln usually results from
the use of such clay.
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The firing of clay samples does not ordinarily take into con-
sideration the weight which commercial ware must carry in a
kiln and which may hinder shrinkage until the piece is ruptured;
therefore, it is very important, if high shrinkage is indicated in
tests, to find how the clay reacts to pressure during firing. The
same remedies for shrinkage are used that apply to drying the
clay, insomuch as additions to the clay body and slow handling
are concerned.

COLOR

The color of ware depends on the compounds present in the
clay and on their state of oxidation after firing. When iron oxide
is present, a reducing condition in the kiln, forming ferrous
oxide, gives a dark color to the ware, while a good oxidizing
condition forms ferric oxide and gives the bright reds. The
change from ferrous to ferric iron depends also on the tempera-
ture and amount of vitrification. If iron oxide or other coloring
impurities are low in amount or absent, the fired ware may be
some shade of buff, gray, or even white. For the brightest,
truest colors, the ware is muffled, that is, enclosed and protected
from all reducing influences in firing. Most high-grade products
are treated in this manner.

POROSITY

The porosity of clay products depends on the amount of un-
filled space between grains, so a clay that is difficult to vitrify
will be porous compared with one vitrifying at a moderate
temperature. By proper mixtures and temperature adjust-
ments, light-weight, porous partition tile and impervious, heavy
sewer pipe are made. This relation between vitrification and
porosity is used to determine the applicability of a clay. In such
work, samples of known clays are used and their apparent
porosity determined at various firing temperatures. A graph
is then drawn which shows distinctive characteristics for each
commercial type of clay. Similar clays should have a like
porosity curve; so the examination of a curve plotted from tests
made on an unknown clay will aid greatly in determining the
availability of the clay for various purposes.

To obtain the percentage of apparent porosity the test brick
is thoroughly dried at about 110° C. until of constant weight.
It is then immersed in distilled water for several days until
completely saturated. Boiling under low pressure may be
used to facilitate this operation. The brick is then weighed
while suspended in water and again while suspended in air.
The following formula is used in the calculations:

Wet weight - dry weight

Percentage of porosity = 100 . —
Wet weight - suspended weight
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STRENGTH AND HARDNESS

The tensile strength and hardness of ware varies with the
clay used and with the amount of vitrification produced. These
properties increase throughout incipient fusion; but when vitri-
fication is reached, the composition of the clay, which governs
the kind of complex silicates forming the glassy cement, de-
termines the toughness of the ware. Some clay products are
used soft and porous, but, in general, the harder the ware
without becoming brittle, the more desirable it is for most
purposes.

TEMPERATURE MEASUREMENTS

In clay work, temperature measurements are usually ob-
tained by the use of Seger cones. These are made from various
mixtures of clays and prepared chemicals, and the tempera-
ture at which each cone softens and loses its shape is known.
So the degree of heat applied to the ware can be ascertained
from an examination of a few test cones placed with the ware.
The following table gives the temperature at which the differ-
ent cones fuse, hence the temperature equivalent of any “cone
fusion”. -

Conversion table,
Seger cones to temperatures®

When fired slowly When fired rapidly
Cone number temp. rise 20° O, per hour temp. vise 150° C, per hour
L1 F. { E
1,63 =05
T8 130
T e
8T KN
=41 15
=55

1209 10 19 19 3 1t ot ol e 1
=i

&
=2
=

SN

s t

2,156 205
2,174 0
2,210 250
2,737 260
2,282 285
2.500 1]
2,345 325
2,590 335
2,462 0
2,584 400
2 570 1,435
2042 1,465
2,660 1,475
2,706 1,400
2,700 1,520
2,708 1,540
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Conversion table,
Seger cones to temperature®’—Continued

Temp. rise 100° C. per hour Temp. rise 100° C. per hour
Clone number Cone ! b

. | o "0, | A1

1,380 | 2,876 1,700 3,002
1,385 2,903 1,745 3,173
1,05 2,921 1,7 3,200
1,015 2,989 1,785 3,245
1,640 2,984 1,810 3,200
1,650 3,002 1,840 3,308
1,680 3,006 1,855 3,535

@ From, The properties and uses of pyrometrie cones: The Standard Pyrometrie Cone Co.,
Columbug, Ohio.
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OPERATING METHODS
PROSPECTING FOR CLAY

Clay is seldom located as the result of deliberate pros-
pecting. It usually attracts the attention of farmers as they
excavate for wells, post holes, or cellars; or it may be reported
by prospectors or hunters. From these the clay worker re-
ceives the information and is commonly supplied with samples.
The adaptability of the clay is then determined by tests, after
which the important features of extent and mmablhty are
investigated.

When it is desirable to actually prospect for clay through-
out a large territory, the geology of the region should first be
ascertained. Very accurate deductions may then be drawn
as to the presence of clay and its probable type from a knowl-
edge of the rock formations, geologic history, and topographic

and climatic factors. For example, buff-firing residual clays
would be expected in a granitic area of low relief; and if, at
some previous time, lakes occupied the valleys, high-grade,
well-assorted kaolins would be looked for. On the other hand,
buff-firing clays would be the exception in an area of glamal
sediments or marine shales, but various types of red-firing
clays would be available.

When searching a particular area for clay, much time may
be saved by obtaining information as to its occurrence from
the inhabitants. Road cuts, ravines, and plowed fields often
expose clay, and sometimes the earth removed by a burrowing
animal or thrown up by the roots of a fallen tree may give
useful information. When other means fail, recourse may
be had to earth augers or boring rigs, and these should always
be used to determine the extent and uniformity of a deposit
before a plant is built.

In searching for shales, the situation is somewhat different.
These bedded deposits in Washington are mostly folded, so
they dip into the earth at various angles, and sampling is con-
fined to outcrops on the hillsides or where the strata have been
cut by streams. In a region where coal occurs, the investiga-
tion is simplified by visiting mines and prospects. Shale is
soft and does not resist erosion like sandstone, so ravines in the
uplands and coves along the seashore commonly mark shale
members. Low rounded hills and parallel ridges also are in-
dicative of a shale-bearing series and are usually in marked
contrast with the topography of an igneous area.

Brick clays in this State are abundant, and deposits may
generally be found near any of the markets. This is a fortunate
condition, for neither common brick nor clay can be shipped
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very far with profit. Clays and shales suitable for higher-
grade products may be transported farther, and plants with

rail or boat facilities may operate at a distance from market
centers. Only the highest grades of buff-firing semirefractory
and refractory clays repay transporting more than a few miles
to factory or railroad.

PLANT LOCATION

The success of a brick yard, which makes a product sold
on a small margin of profit, depends on a large output with mini-
mum expense. The following are ideal conditions for operating:

An ample body of suitable clay that may be used “run-of-pit".
No overburden present.

No objectionable material or features in clay,

Quarry or other cheap quantity-mining methods applicable.
Natural drainage.

Plant in proximity to pit.

Plant designed and managed for maximum efficiency.

Gravity delivery of clay to crushing machinery and throughout the
plant.

9. Kilns adjacent to railroad or other transportation.

10. Fuel available and cheap.

11. An immediate and nearby market.

£ SRR i b

To the writer’s knowledge there is no plant enjoying all
these advantages in Washington, but some have nearly all.
In some places, the state of competition or market is such that
profits can be made under very adverse conditions. Whether
a plant can be operated under unfavorable conditions should
be carefully considered before building.

MINING CLAY

Clay mining is commonly carried on in open pits or cuts.
A quarry face is made in the side of a hill or pit, and the clay
caved down by undercutting, or it is worked in benches. When
the output warrants the initial expense, and it is not necessary
to separate different types of clay, power-shovel excavation
is most economical. An overburden of sand may be beneficial
to mix with the clay to give a freer-working body. When
necessary to strip off the surface material, it is handled by
plows and scrapers or other means similar to those used for
mining the clay. Hydraulicking has proved very effective in
some cases. Drainage always must be allowed for but is not
so vitally important in drier eastern Washington. Shales, when
flat lying or very thickly bedded, may be mined in the same
manner as clays, blasting being used to cave the material.

However, underground work is commonly necessary and ordi-
—2
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nary coal-mining practice is followed. An interesting and very
efficient method is the “glory-hole” system that formerly was
employed at Taylor.

Clay is usually loaded by shovel into dump-cars and so
conveyed to the plant. Labor is saved if loading-traps are
used. In these, the car passes under a platform onto which
the clay is caved or dumped by scraper; there, by the removal
of boards, the clay falls into the car or onto a conveyor belt.
Narrow gauge railways are sometimes installed, and standard-
gauge equipment, three-quarters of a mile or so in length, was
formerly used at Clay City. The distance from pit to plant
varies greatly dependmg primarily upon the value of the clay.
In Washington, clay is regularly hauled by truck 6 miles to the
Clayton plant in Stevens County and 11 or 12 miles to both
Renton and Auburn in King County. High-grade clay has
been shipped from the Spokane district to Seattle and Portland,
distances of 330 and 377 miles, and for a long time shale has been

shipped regularly from Sumas to Seattle, a distance of 115 miles.
These long hauls would not be practical where different con-
ditions prevail.

MANUFACTURING

Most clay products, in fact, all the common ones, pass through
four distinct steps in the process of manufacturing. These are:

1. Preparation of the clay.

2. Molding to the desired shape.

3. Drying, to remove excess moisture.

4. Firing, to give hardness and permanent form to the ware.

The methods of carrying on these steps and the machinery
used vary with the different products made, but the funda-
mentals are much the same.

PREPARATION OF THE CLAY
SORTING AND MIXING

It is seldom that a single clay is used alone, as mined. Usually
clays of different characteristics are mixed together or other
materials are added, such as feldspar and flint for whiteware
or sand and crushed fired clay (“grog”) for common red-firing
ware. For the better grades of ware the various clays encount-
ered in a deposit are commonly mined and stored separately,
then afterward these are mixed in the most advantageous pro-
portions, as determined by experiment, for the particular ware
desired.

Very little sorting is done in taking clay for common brick,
and mixing is usually accomplished in the pit when the clay
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is mined. Excess sand is avoided, but some is essential to

give a free-working body and eliminate cracking and high
shrinkage. When all the clays, or mixture of clays and sand,
can be used as encountered in the pit, the conditions are ideal
and the materials are said to be used “run-of-pit”.

GRINDING

The treatment preceding tempering depends on the type
of clay and the ware to be produced; it almost invariably in-
cludes grinding in some form. One or more sets of plain rolls
are considered sufficient in many of the brick plants using
the moist clays of western Washington, and form the com-
monest equipment. Some plants have special machines such
as disintegrator rolls that whip the lumps, and conical rolls
designed to eliminate pebbles from the clay.

The better grades of ware require finer grinding, and then
a dry-pan is used. This is a heavy revolving pan, from 5 to 9
feet in diameter, supported and driven by a vertical shaft.
Two large mullers or wheels turn on a horizontal shaft and
run on the floor of the pan. The clay must be fairly dry when
fed into the pan. As the latter revolves, the clay passes under
the mullers and eventually is ground fine enough to pass through
the screen plates in the bottom of the pan. Ball or pebble mills
are used when exceptionally fine wet-grinding is required for
high-grade ware or for pottery glazes; plasticity may be devel-
oped in almost nonplastic shales by their use.

WASHING

The highest-grade clays, such as china and paper clay and
sometimes stoneware clay, are disintegrated and washed in
excess water to remove sand and other impurities. The thin
sludge or “slip” is flowed into a series of settling tanks. The
sand is collected in the first one or two, where a sand wheel
may be used to scoop it out and so render the process con-
tinuous. The clay remains longer in suspension to finally settle
in the other tanks; after this, the water is drained off and the
thick slip is formed into cakes by means of a filter press, or it
is air-dried.

The only clays washed in this State are those used by the
various potteries, though a kaolin-washing plant formerly op-
erated at Freeman, Spokane County. Washing is a process
that is applicable to the better light-firing clays of eastern
Washington, and, as reported by Wilson,” makes them usable
for whiteware and possibly paper clay. Also, excellent stone-

(D Wilson, Hewitt, Kaolin and china clay in the Pacific Northwest: Univ. of Wash-
ington Eng. Exp. Sta. Bull, 76, 1934.
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ware and pottery clay could be produced by this means as
well as refractories with exceptionally high fusion points.

SCREENING

Except when rolls are used, as in the manufacture of com-
mon brick and fireproofing, the clay is screened after grinding
or washing. This eliminates oversize material.

TEMPERING

Tempering, or producing the proper degree of plasticity,
simply involves working the clay with water. A most primi-
tive method, and one still employed in small brick yards, is
to place clay, without grinding, in a “soak-pit”. This is either
a box or pit in the ground into which water is poured and the
clay stirred by hand or horse power. A soaking of 24 hours
is usually sufficient for clay that is to be used in the soft-mud
process. The usual method of tempering, however, is in a pug

mill. This is a continuous process whereby lumps are broken
and the clay is quickly kneaded into a plastic mass. The clay
feeds into one end of a metal trough as a proper amount of
water is added; a revolving shaft armed with spirally set knives
cuts and mixes the clay and forces it through the pug mill and
out the discharge end. @The amount of water and clay is
under control, but the mixing action depends on the length
of the machine. In this State, the pug mill and stiff-mud
process (see below) is used almost exclusively.

A wet-pan is used when fine grinding and mixing is de-
sired in one operation. It may be used when clay is too damp
for a dry-pan, and is especially advantageous in that the maxi-
mum plasticity is developed by its use. It is similar to a dry-
pan but has a solid bottom, and the plastic clay is removed by
a scoop after a given period of operating. Wet-pans, generally
in conjunction with dry-pans, are used in all the sewer-pipe

plants of the State.
MOLDING

Three methods are used in shaping common ware: the
soft-mud, stiff-mud, and dry-press processes. A supplemental
process, repressing, may be used when brick are desired with
smooth faces and sharp edges. In this, brick made by either
the stiff-mud or soft-mud process are placed in molds and sub-
jected to pressure. The appearance is improved and trade
names may be added, but it is a question whether other ad-
vantages are gained.

SOFT-MUD PROCESS

The soft-mud process is only used for common brick and, of
the several methods, requires the least outlay of capital. Hand-
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molded brick have been made since before the dawn of history,

yet the process is still followed in some small yards. No such
yards are operating now in Washington, though formerly numer-
ous here and still common elsewhere. By this method, a wooden
mold having compartments for six brick is used. It is first wet
and then sanded to prevent sticking. Clay, from a soak-pit, is
thrown sharply into each compartment so as to fill it completely;
the excess is struck off the top by means of a taut wire; and then
the brick are turned out of the mold onto a level sanded surface
in the yard. When partially dry, they are turned on edge to
hasten drying. A good molder can make from 5,000 to 8,000
brick a day by this method.

Machine-molded soft-mud brick are made in only four yards
in this State, but that method is very common throughout the
East. The machines have a capacity of about 10,000 brick a day
when horse power is employed and up to 35,000 a day when
mechanically powered. Clay of low plasticity may be used, and
the resulting brick are free from lamination, resistant to frost
action, and generally of good appearance. In the machine, the
clay is placed in a pug mill which forces it into a hopper; from
there, by means of a plunger, it is forced into automatically
sanded molds below.

STIFF-MUD PROCESS

Stiff-mud molding is only done by hand when making pot-
tery, terra cotta, and specially modeled shapes, such as sewer-
pipe elbows. The clay is used in a plastic condition but is mixed
with considerably less water than for the soft-mud process. In
hand work, a plaster mold is generally used to give speed and
accuracy in duplicating designs.

The auger machine stiff-mud process is the one used for mak-
ing drain tile and hollow block and, at least in this State, is the
most favored method of brick manufacture. A horizontally re-
volving auger receives clay directly from a pug mill and forces
it through a die. The clay is given shape by the die and emerges
as a long column, which passes onto a cutting table. This clay
column is then cut into sections by taut wires, and the individual
bricks, blocks, or tiles, pass onto an off-bearing belt. The cutting
mechanism may be operated by hand or automatically by power
and, in making brick, may cut from one to eighteen or more at a
time. Stones, if present in the clay, cause much trouble at this
stage by breaking wires in the cutter. All kinds of hollow build-
ing blocks, fireproofing, drain tile, and brick are made on one
auger machine by changing the die through which the clay is
forced. Rough-textured face brick are made by allowing a slack
wire or points to drag over the moving clay column. When the
clay does not flow smoothly through the die, rough, ragged cor-
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ners result, a condition that may be prevented by properly pro-
portioning the percentage of clay and sand in the mixture and
by careful tempering. It is also usual to heat the die by steam,
or to oil-lubricate it, so as to aid in overcoming such trouble.
The capacity of these machines, depending on size, ranges from

40,000 to 100,000 brick in 10 hours.

DRY PRESSING

By the dry-press process, tempering and drying are
eliminated and brick with sharp edges and smooth faces are pro-
duced in one operation. Also, it is possible to use any kind of
clay or shale, even including some almost lacking in plasticity.
The clay is generally stored before using. It is ground to pass a
16-mesh screen and feeds automatically into steel molds. The
ground material is then greatly compressed by plungers and
formed into compact bricks, after which they are ejected and the

process repeated. Dry-press machines, according to their size,

make two, four, or six brick at a time, and the largest is capable
of an output of 30,000 to 40,000 brick per day. They are semi-
automatic in operation.

SEWER PIPE

Sewer pipe are made by the stiff-mud process, using a ma-
chine of the plunger type which makes only one pipe at a time.
Clay is fed into one of two cylinders which are connected by a
piston. Steam is admitted to the upper one, and the piston,
descending, forces the clay out through a die in the base of the
lower cylinder. At the end of the stroke, the completed pipe is
cut off by a wire and removed to the drying floor; the piston is
then raised and the process repeated for another pipe. By chang-
ing the dies, it is possible to make pipe from 3 to 30 inches in
diameter. Hollow block and drain tile also may be made by this
method but are commonly turned out on an auger machine.

POTTERY

Clay for use in pottery is more thoroughly worked and
kneaded after tempering than when other products are made.
Its working properties may be further improved by storing the
plastic clay in damp cellars.

Turning—The method by which a lump of clay is placed on
a horizontally revolving wheel and worked up to the desired
shape by hand has been practiced throughout the ages. It is still
followed in small plants and especially for heavy earthenware.
When the object is formed, it is cut loose from the wheel by run-
ning a wire beneath it and is then set away to dry.

Jollying or jiggering—This accomplishes the same results
as turning but is quicker and more accurate. Clay is placed in
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a horizontally revolving plaster mold and is shaped to the inner

contour of the mold by means of a “pull-down” or template. The
article shrinks as it dries and is then readily separated from the
mold. Jugs and similarly shaped ware are made in two sections.
These are then fastened together with a thin clay cement or, in
some instances, by merely bringing the two edges of plastic clay
into contact.

Pressing.—This process is used in making ware of odd shape.
The clay is pressed into plaster forms which are then put to-
gether and the seams smoothed out with a wet sponge. The mold
is later removed as in jollying.

Casting.—This takes advantage of the absorptive power of
plaster of paris. A mold is made of this material in the shape of
the desired article and is filled with a thin slip of clay and water.
Part of the water is absorbed, leaving a layer of clay around the
inside of the mold. When this layer is thick enough, the rest of
the slip is poured out and the mold is set aside to dry, after which
the cast article is readily removed for firing.

Drying, glazing, and firing.—Drying of pottery is slowly and
carefully done on racks in open or heated closed rooms.

Flower pots are fired to hardness without glazing. Stone-
ware is dipped in, or sprayed with, a thin mixture of clay and
water called “slip”. This slip is made from a clay that fuses at
a low temperature to a smooth glass—a temperature at which
the body being glazed only becomes vitreous. Slip-clays are
commonly obtained from Albany, New York, but with proper
handling many of the silts of eastern Washington and the glacial
clays of western Washington could be used for common brown
glaze. The better class of ware of all kinds is glazed with arti-
ficial mixtures of clays, fluxes, quartz, and metallic oxides.
These are added after the ware has received a preliminary or
“biscuit” firing. For the final firing the ware is placed in saggers,
hollow fire-clay receptacles, so as to protect it from any reducing
conditions in the kiln.

TERRA COTTA

The manufacture of terra cotta is very similar, in general, to
that of pressed pottery. As the pieces for each order handled by
the terra cotta plant are special, the designing and drafting de-
partments are very important. Here allowance is made for the
shrinkage of the clay, so that the pieces when completed may
properly fit into the structure for which they are intended.
Plaster molds are then made, and the carefully prepared clay is
pressed into place by hand. When shapes are particularly in-
tricate, hand modeling takes the place of molded work. Drying
and glazing are not unlike that of pottery, and firing is accom-
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plished in muffle kilns, usually of the round down-draft type.
Before packing for shipment, the pieces are assembled and, if
necessary, trimmed, to assure alignment in the structure for

which they were designed.

DRYING

Drying is essential to remove the water of plasticity, or tem-
pering water, from the ware before firing. The time-honored
system, one in vogue in many small yards, is o place the brick
in the open air and rely on the sun and wind. In eastern
Washington, this does very well except during the cold months.
Commonly pallets are used—narrow boards which, after being
filled with brick, are placed on racks in covered but otherwise
open sheds.

Better equipment includes heated tunnels, so the plant may
be independent of the weather and also decrease the drying time.

Many systems are used, but the principal one is to load the ware
on cars which are introduced into the cooler end of long arti-
ficially heated tunnels. The heat may be from steam, direct
radiation, or waste from the kilns. The cars move through the
tunnels very slowly and are drawn from the hotter end. Sewer
pipe, terra cotta, and, at times, hollow block are dried on hot-
floors, the ware being placed separately on floors heated by
steam pipes and left until ready for the kilns. Great care is
sometimes required in drying to prevent the ware cracking.
Different clays respond differently to treatment, and often much
experimenting is necessary.

FIRING

Experience and, particularly, knowledge of the behavior of
the clay used count for a great deal in firing. Money, labor, and
time have been expended on material that is in the kiln; this is
all wasted if poorly fired or defective ware is produced. The best
results are obtained when the temperatures of the kilns are
always known and are under careful control. In smaller plants,
the temperature is estimated by time, appearance, or the mea-
sured settle of the hot ware. Such methods are inexact and lead
to erratic results and possible loss. Accurate control is effected
by using Seger cones or pyrometers, and in some plants use is
made of both for the value of checked results.

In practice, the aim is to make a turnover of the kiln in as
short a time as is compatible with a maximum amount of perfect
ware. Time must not be lost between the completion of “water-
smoking” and raising the temperature for oxidation. There
must not be even incipient fusion before oxidation is complete,
and it may be necessary to hold the temperature steady for some
time at this stage to let the heat “soak” into the heart of the ware.
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Too great haste may cause a bloated product from evolution of
gas in an already viscous ware, or an off-colored “blue-stoning”
from imperfect oxidation. The heat generally may be quickly
raised after oxidation until vitrification is complete, but there
must be a minimum of overfiring. Cooling also must be con-
trolled so that it is not too rapid, yet no time should be lost in
starting a fresh kiln.

The color of fired ware is chiefly dependent on impurities (or
lack of them) in the clay being used; thus, pleasing reds are due
to proper oxidation of iron compounds during firing. Variations
may be caused by different actions of combustion gases on chem-
ical compounds in the ware, giving “flashing” and efflorescence.
One induced variation obtained during firing is the salt-glazing
of sewer pipe and cheap grades of stoneware. It is accomplished
by throwing salt on the fires when the kiln is at its maximum
temperature. The salt is volatilized and acts as a flux on the
surface of the ware, thus causing a film of clay to melt. Other
surface colors for high-grade ware are obtained by the applica-
tion of glazes prior to final firing.

KILNS

There is great variety in the kinds of kilns used for firing clay
products, and there is also a large difference in the efficiency of
the various kinds.

The up-draft, or scove, kiln is the simplest form and has been
extensively used throughout Washington. The dry unfired brick
are built into a rectangular open-work pile with a series of
parallel arched fire boxes at the bottom. Two courses of brick
are finally set as a close wall and top to the pile, and these are
spread with wet clay to retain as much heat as possible. When
fired, the brick near the arches are apt to be as much overfired
as the outer tiers are underfired. The temporary character of a
scove kiln is a disadvantage, it being necessary to rebuild a whole
kiln after each firing, but they answer very well for small yards.
By making permanent walls for these kilns, there is smaller heat
loss, a greater percentage of good brick obtained, and time is
saved in preparing the kiln for firing. Up-draft kilns are cheaply
built and may be sucessfully used for some of the better grades
of ware, providing the contents of the kiln are protected from
the direct flames. One semimuffle type is used in this State for
firing flower pots. In it, the fire box is under the chamber of the
kiln; the gases pass to the rear and then enter the chamber,
sweep through the ware, and escape in a flue in the front of the
kiln.

Down-draft kilns are either round or rectangular permanent
kilns with fire boxes built at regular intervals in the walls. The
hot gases are directed against the top of the kiln and are drawn
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down through the ware to escape under the floor through flues
which connect with a separate stack. Such kilns are used almost

exclusively for sewer pipe, drain tile, and fire brick. They are
used also for firing hollow block and face brick and, when
mulffled, for terra cotta and pottery. A down-draft kiln, although
more costly to build, has the advantage of being hottest at the
top where the least weight is borne by the ware. This causes less
deformation and, with the excellent temperature control pos-
sible, gives the greatest output of perfect ware.

Continuous kilns are designed to use heat from a cooling kiln
instead of wasting it in the air. They consist of a series of con-
necting chambers built on the plan of an oval or a rectangle. By
means of dampers, the heated gases from one chamber are passed
through the ware in the next one or two chambers before going
to the stack, thus preheating the ware and saving time and fuel
on the final firing. In this way, while one chamber is at a maxi-

mum temperature, others are heating, others are cooling, and
still others are being set or emptied. There are many patented
variations in the designs of these kilns, and all types represent a
large initial outlay of capital. They have many advantages, such
as: saving of fuel, saving on labor in firing, long life with low
cost of maintenance and repairs, and a high percentage output
of perfect ware.

A good many continuous Kilns, of one kind or another, are
operating in Washington, but it is interesting to note that they
are only used for firing common brick and some hollow block.
In other States, they are used for ware of a higher grade, but
here manufacturers of such ware have been slow to adopt
them, in preference using the periodic down-draft kilns.

All of the foregoing kilns have been used in some form for
many years, and the improvements have been of a minor nature.
In late years, however, the tunnel kiln has been developed, em-
bodying a new principal in clay firing, with a great increase in
efficiency and economy of operation. The kiln consists of a long
arched tunnel with a track for the kiln cars. The whole tunnel
is well insulated to prevent loss of heat, and a center section is
equipped with fire boxes or other burners and reenforced with
materials of greater heat-resisting qualities. The stack is at one
end of the tunnel, so that cold air enters at the opposite end and
becomes heated upon passing the center.

In operation, the ware is loaded on well-insulated, fire-resist-
ing cars and enters the stream of heated air at the stack end of
the tunnel. As other cars are entered, the preceding ones pass
through constantly increasing temperature until the maximum
is reached in the central zone. Thereafter the car is in a decreas-
ing temperature until it emerges from the cool end of the tunnel
ready for unloading and the next trip through. Any desired
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time may: be taken for the passage through the kiln, and the cen-
tral temperature may be kept constant and under exact control.
Full advantage is taken of the heat from cooling ware, and on the
whole, there is little waste of fuel, heat, or time. The system has
been employed in firing the higher-grade wares, and one such
kiln is in operation here (Gladding, McBean & Co., Renton plant)
for firing refractories. It has been adapted elsewhere, with ap-
parently good success, to ordinary red-firing products, but its
great initial cost has worked against that use.

FUELS

Wood or coal has always been the principal fuel used for
firing clay ware in Washington. It has been moderately cheap
and satisfactory, but the time is not far distant when wood will
be out of the question and coal may be much higher priced. Fuel
oil is being used with excellent results at two or three plants,
though it is relatively expensive and subject to price fluctua-
tions. Natural gas is still a doubtful possibility here, so the final
solution of the problem appears to lie in the more efficient use
of coal. Powdered coal has been used with great success in
sintering magnesite and in cement manufacture. It could be
used in the large clay plants, but a better plan would be to use
by-product producer gas. Gas is the ideal fuel in ceramic work,

and by this means maximum values could be obtained from each
ton of coal used.
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STATISTICS OF PRODUCTION OF CLAY AND
CLAY PRODUCTS IN WASHINGTON

Most clay in this State is mined by clay-products manufac-
turers from their own properties and used by them for wares.
Some, however, is sold by these companies as raw clay, and a
few individuals, not manufacturers, also own pits and sell raw
clay. In the 33 years for which figures are available—1907 to
1939 inclusive-—the sale of clay has amounted to $807,704. The
maximum tonnage sold in any one year was 49,858, valued at
$91,279, in 1937. The greatest total value of sales was $104,490
for 43,968 tons in 1936. The average price received per ton in
various years has ranged from $0.81 in 1934 to the phenomenal
price of $11.74 in 1921. This price fluctuates not only with eco-
nomic conditions but as special demands arise for particular
clays. The average price for the whole period is approximately

$3.00, a figure which allows but a small margin of profit for a
nonmanufacturing pit owner after the costs of mining, usually on
a small scale, and haulage to some delivery point have been de-
ducted. Details of raw clay production are given in appendix
3, table 3.

The production of clay wares has been an important industry
since the early days of the State, but it was not until 1894 that
the U. S. Geological Survey began to assemble annual records
of the output. The production in that year was over a half mil-
lion dollars—an indication of the magnitude of this industry dur-
ing preceding years. In the 45 years from 1894 to 1938, inclusive,
the total value of clay products has been $70,251,186. The maxi-
mum value for any one year is given by the U. S. Geological Sur-
vey as $3,060,486 in 1909. During 1932-35 the yearly value
dropped below 1 million dollars for the first times since 1904, but
commonly the production is valued at 1 to 2 million dollars and
during 2 years it was more than 3 million dollars. The principal
products manufactured in Washington are: common brick. sewer
pipe, fire brick, face brick, fireproofing and hollow block. terra
cotta, drain tile, and pottery. The last two are consistently at the
bottom of the list in order of value; the other products change
position from year to year, depending on economic conditions and
on building and municipal improvement trends. Statistics of the
production of clay products is given in appendix 3, table 1.

The clay plants that were operating in the State in 1937 are
listed in appendix 3, table 2. Four of these plants were inopera-
tive in 1937 but could soon go into production if that should be
warranted. The tendency for many years has been toward a
progressive decrease in the number of operating plants and a far
more efficient operation of those remaining, whereby the market
is amply cared for and excellent products assured.
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TESTS MADE ON WASHINGTON CLAYS

In preparing the groundwork for this report, every county in
the State was visited, and a representative sample, of approxi-
mately 20 pounds weight, was taken of every clay that appeared
to have promise of ceramic value. In this way, material for
laboratory investigation was obtained from present workings,
abandoned pits, and undeveloped outcrops, from formations
known to contain usable clays or shales, and from others whose
merits were entirely unknown.

After preliminary tests, the more promising clay occurrences
were revisited and larger samples, 100 pounds in weight, were
secured. Similar large samples were taken of the general mix-
tures used in the operating plants. Thus an abundance of mate-
rial was assured for the tests described below.

Upon completion of final tests, the fired bars and test pieces,
together with bottles containing a small amount of raw clay from
each sample, were filed for future reference with the Ceramic
Department, U. S. Bureau of Mines, Seattle, Washington.

METHOD OF TESTING

By Hewrrr Wison, Ceramist, U. S. Bureau of Mines

PREFIRING

The samples of clay were dried to approximately 70° C. and crushed to
pass a 20-mesh screen. They were then tempered and worked thoroughly
with water by hand or in a small auger machine to the best plastic consistency.
After aging the plastic clay in damp cloth for about 24 hours, the test pieces
were pressed in brass molds by hand or run out on an auger machine having
a 1% by 1%-inch die. The size of the plastic test pieces was then 113 by
115 by 2 inches.

The plastic weight and volume were determined immediately. For the
volume, a Schurecht overflow volumeter, using kerosene, or a Goodner mer-
cury volumeter was used. The test pieces were then air-dried at room tem-
perature (for about 5 hours at approximately 70° C.) and then to constant
weight at 110° C. They were cooled to room temperature in a desiccator, re-
weighed, and the dry volumes determined. From these figures the percen-
tage of dry-volume shrinkage and dry-linear shrinkage are determined by the
following formulae:

Vi— V.
D.V.S.zl—'— 100 where D.V.S.= dry-volume shrinkage, in percent
Vi V, = plastic volume
V.,=dry volume
3

DVS.
DLS. = ( V= \j 1— W ) 100 where D.L.S.=dry-linear shrinkage
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Water of plasticity is calculated as a percentage of the weight of the dry
bar by the following formula:

O Wi—Wa
T= ———— 100 where T = water of plasticity, in percent
Wi W, = weight of plastic test piece
W= weight of the dry test piece

“Shrinkage water” is that portion of the water of plasticity which is
driven off up to the point where shrinkage ceases. “Pore water” is that por-
tion of the water of plasticity which is driven off from the point where shrink-
age ceases until the clay piece has reached approximately constant weight at
110° C. Thus shrinkage water plus pore water equals water of plasticity. The
following formulae are used in these calculations:

V,—V,
tiss e g where t, = shrinkage water, in percent

Wi V, = plastic volume
Vi=dry volume
W, =dry weight

t:=T —t. where t.= pore water, in percent
T = the percent water of plasticity

FIRING

In order to determine the behavior of a clay in firing, the following data
must be obtained:

1. Progressive change in porosity and absorption.

2. Progressive change in volume and linear shrinkage.

3. Progressive change in color, hardness, and condition.

The test pieces were placed in a muffle kiln of the fire-tube type, whose
muffle chamber is approximately 8 cubic feet capacity. The temperature of
each firing was determined by numerous sets of pyrometric cones placed in
all parts of the kiln. Both artificial gas and kerosene were used as fuel. The
rate of heating was approximately that specified by the Standards Committee
of the American Ceramic Society, the time of firing varying from 20 to 24
hours. The clay trials were not drawn from the kiln while hot but were left
to cool with the kiln, so that the best colors possible were obtained. In order
to obtain results under actual commercial conditions, check firings were made
in the following commercial kilns:

1. Lake Union Brick & Tile Co., Seattle.

Common brick and tile kiln to approximately cone 04.
2. Denny Renton Clay & Coal Co., Seattle.
Terra cotta kilns to cones 3-4 and 6-7.
Fire brick kiln to cone 12.

3. Northern Clay Company, Auburn, Washington.
Terra cotta kiln to cones 6-7.

The fired dry weight (W) was first taken. The weighed test pieces were
then boiled for 2 hours in water, cooled tc room temperature in water, and
reweighed after removing the surface water with a damp cloth. This satu-
rated weight is designated as S:; the volume of the fired bar, as V; and the
following formulae used:
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N A% Si— W,
Apparent porosity, in percent—P = e 100
T
o Si— We
Absorption, in percent—A= —— 100
W,
Vd T Vl’
Fired volume shrinkage, in percent—F.V.S.= —— 100

o RN
Fired linear shrinkage, in percent—F.L.S. = ( 1— 1 — T ) 100

Total linear shrinkage, in percent.—T.L.S.=F.LL.S. — D.L.S.

Changes in the hardness were determined by cutting the test bars with
a knife and noting the relative hardness as compared with steel.

The following method was used to determine the cone fusion point: raw
or fired samples were ground to pass a 60-mesh screen and molded into the
usual pyrometric cone shape. For nonplastic fired samples, gum was added
to give plastic and dry strength. In the case of low-temperature clays, the
cones were deformed in the kiln used for firing the test pieces. The semi-
refractory clays and fire clays were placed with the standard Orton cones in
a special kiln fired with oxygen and acetylene and heated until the clay cone
deformed.

TABULATION OF RESULTS

The various physical properties found by means of the above tests have
been listed in tabular form to be included with the geologic description of the
particular sample. Certain abbreviations have been used, as follows:

L.S.% d..—Linear shrinkage in percent of dry length.

T.L.S.% d.l.—Total linear shrinkage (drying and firing) in percent of dry
length.

V.S.% d.v.—Volume shrinkage in percent of dry volume.

Abs.—Absorption.

A. Por.—Apparent porosity.

*—Indicates that the sample was fired to the given temperature in a com-
mercial kiln,

S.H., Lt., Dk.,—Steel hard, light, dark.
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GROUPS OF WASHINGTON CLAYS

For convenience, the clay materials of the State have been
divided into the following ten groups on the composite bases of
geographic location, origin, and physical properties: (1) Recent
alluvial, (2) Cascade residual, (3) Palouse, (4) Silts, (5) Puget
Sound glacial, (6) Willapa Pleistocene, (7) Hammer Bluff, (8)
Spokane-Clayton residual, (9) Spokane-Clayton lacustrine, (10)
Shales. Such a grouping does not provide accurate classification,
but it is of considerable practical use, as it includes virtually all
known occurrences and allows valuable deductions to be made
when only a little information is available on a given clay. For
instance, certain more-or-less definite properties may be ex-
pected for clays found in the geographic range of a given group;
or if the physical properties are known, inferences may be drawn
as to location or origin of the particular clay.

The geologic map @ of the State gives the distribution of the
major formations and rock assemblages comprising the areal
geology of Washington. As the various clay groups are a part
of the areal geology, the map serves in most instances to
delineate the geographic range of the various clays. Geologic
conditions have been such in this State that almost all bedded
clays and shales available for ceramic purposes are of Tertiary
age or younger. The residual clays of the Spokane-Clayton dis-
trict are derived from rocks that are Mesozoic or older, but the
clays themselves are probably not older than Tertiary. Creta-
ceous and older clays, so useful in many other States, are in
Washington generally so metamorphosed that their useful prop-

erties have been destroyed. An exception is the slightly
metamorphosed Cretaceous shale of the San Juan Islands.

RECENT ALLUVIAL CLAYS

Recent alluvial clays occur in lake beds and along streams,
and have resulted from erosion of the local country rock. Beds
may range from only a few feet to 40 feet and more in thickness.
They are commonly free from overburden and may be excavated
without difficulty. Some deposits are plastic and have excellent
working properties; others are sandy or silty and may be weakly
plastic and difficult to use. Almost invariably they are soft buff
or gray clays, containing abundant impurities, that have only a
moderate firing range, fuse at low temperatures, and fire to red
and brown colors. They are commonly suitable for ordinary
structural ware, and many deposits have been so utilized at
various places in the State. The State geologic map shows by
the symbol Qa some of the alluvium which includes such clays,
however, the scale of the map prohibits showing the many flood-
plain deposits.

5 1) Division (_]f Geology, Preliminary geolzog‘;_'-_map of Washington, to accompan}:
Part I, Bull, 32, 1936.
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CASCADE RESIDUAL CLAYS

Residual clays occur in the foothills of the Cascades, particu-
larly in Pierce and King counties, and are formed by the decom-
position and, generally, subsequent leaching of andesite and
other igneous rocks. Known deposits are of relatively small ex-
tent and depth, and the location of other bodies cannot be pre-
dicted. Buff-firing refractory phases of these clays may be
closely associated with those that are red firing and nonrefrac-
tory, but they are satisfactory materials, particularly when un-
usual colors are desired, for structural ware. They have been
prospected in several places, mined in a small way at a few, and
developed extensively at one place. They are a part of the
Miocene volcanics (Tmv) shown on the geologic map of Wash-
ington. ;

PALOUSE CLAY

“Palouse clay,” sometimes known as ‘“basaltic clay,” is a
term used to designate two varieties of clay materials and
when so considered includes the deposits of a far greater area
than is covered by any other clay type in the State. Both
residual clay, formed from the decomposition of basalt, and loess
are listed here under this very general term. The two types are
considered together because of their general similarity in ap-
pearance and because decomposed grains of basalt have doubt-
less added materially to the clay content of the loess. Then, too,
neither their physical properties nor their place of principal
occurrence justify a separation. Typical residual clay is found
in basalt areas of western Washington and, again, in the more
elevated basalt regions of eastern Washington. It is commonly
dark red to dark brown in color, very plastic, and, when properly
handled, forms an excellent red-firing material. The typical
loess deposits occur throughout most of the Columbia basalt
plateau of eastern Washington but have their greatest develop-
ment in Whitman and Spokane counties, in what is known as the
“Palouse country”. These clays are shown on the geologic map
as a part of the Pleistocene continental sediments (Qc) that form
the surficial cover of much of southeastern Washington. That
part which is most typically Palouse clay lies east of a line ex-
tending from Spokane to Walla Walla.

The beds mostly overlie basalt, may be 60 feet or more in
thickness, and are composed of buff to yellowish-brown soft,
friable, silty clays.

These clays may be very easily mined in great quarry-faced
open cuts. There is no overburden to contend with, and objec-
tionable impurities and pebbles are almost unknown. When
used alone, the loess is easily worked and gives a body of good
structure and pleasing red color, but this may lack the deep, rich
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hue obtainable from basaltic residual clay. As in all clays, some
deposits are too plastic, and others (loess only) may be too
sandy, so mixing must usually be resorted to. Then a good free-
working material results which has moderate shrinkage, a good
vitrification range, and, when steel hard, low porosity and ex-
cellent structure. Vitrification commonly commences at cone 05
and is complete at cone 3; fusion may not be reached until
cone 10.

Palouse clays are suitable for common brick, red face brick,
drain tile, and hollow block, and with proper handling many de-
posits probably could supply material suitable for sewer pipe,
segment block, and, in fact, practically all the red-firing vitreous

wares.
SILTS

A considerable variety of materials with a great geographic
range is included under the term “silts”. These are primarily
the weakly plastie, silty clays of predominantly gray and buff

color that occur as horizontally bedded terrace deposits in the
valleys of northeastern Washington. They are of glacial origin,
correspond in working properties to the glacial clays of western
Washington, and are particularly abundant in Okanogan,
Stevens, and Pend Oreille counties. Also included under the
term are the alluvial and lacustrine clays of the Ringold forma-
tion (best exposed in the White Bluffs of Franklin County),
materials mostly of silty nature and so belonging in this group.
The clays of the Ellensburg formation are distinct in being of
greater geologic age, generally more compact, and associated
with loose sandstones and conglomerates in moderately to steeply
dipping beds. They have their greatest recognized extent in
Kittitas and Yakima counties. They are grouped with the silts
because of weak plasticity, short firing range, low fusion, and
dark fired color. The most characteristic silts are those in the
northeastern part of the State, shown on the State geologic map
with the Pleistocene alluvium (Qa) and glacial drift (Qg). The
Ringold and Ellensburg formations are shown with other Mio-
cene (Tme) and Pleistocene (Qc) continental sediments.
Ordinarily the silts, like the Puget Sound glacial clays, occur
in well-assorted beds with little objectionable material. An
overburden may or may not be present, and separation from
gravel or sand strata is not difficult. Also, the beds are com-
monly massive, thus giving an excellent working face. Volcanic
dust is a common constituent of many of the silts, and this, to-
gether with the scant decomposition that has occurred since the
materials were originally deposited as rock flour, gives them
their characteristic weak plasticity. The more plastic varieties
are apt to be sticky and are worked with difficulty. Also, the
total shrinkage is high, excessively so in some samples tested.
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Vitrification starts at a moderate temperature—cone 04 or 03—
and the range is very short, fusion usually being complete at cone
4 or 5. Dark reds and browns are common fired colors, and good
vitreous bodies are difficult to obtain.

Good common brick may be made from some of the better
grades of silts, especially if the deposit is well weathered. Some
beds of the Ellensburg formation are successfully used for brick,
drain tile, and hollow block, and the Ringold formation also may
be available in part for similar products. On the whole, how-
ever, with the exceptions noted, the silts are difficult and unsatis-
factory materials to handle and have small economic value.

PUGET SOUND GLACIAL CLAYS

Under the heading of “Puget Sound glacial clays” are in-
cluded only the aqueoglacial deposits of western Washington.
The glacial clays of eastern Washington have rather different
characteristics and are grouped under the heading of “Silts”.
The State geologic map shows the area of accumulations of this
class, due directly or indirectly to ice action, as Pleistocene
glacial drift (Qg). Throughout this area unassorted drift is
chiefly in evidence, but beds of sand and clay are very abundant
and will fill the need for common-brick material in each locality
for an indefinite period.

Glacial clays are dark to light blue in color when damp, dry
to a light gray, and show the customary buffs and browns where
weathering has penetrated. Some are sandy or silty; but smooth,
unctuous phases are common. Lateral variation is marked and
makes the deposit being worked a constantly unknown quantity.
Limestone pebbles, so common in glacial clays of the East, are
absent. Pebbles of quartzite and igneous rock, however, are
occasionally scattered through the clays and may be present in
lenses and layers, while an overburden of similar objectionable
material is commonly present. The clays form massive beds, in
some places 40 feet or more in thickness, so that a great quantity
may be easily mined by quarry methods.

The working properties of the glacial clays are generally
good, but sand may be needed to open the body and prevent
dragging as the clay passes through the die. The elimination or
crushing of the occasional pebbles that occur in the clay is de-
sirable. Shrinkage is moderate, but difficulties are usually en-
countered in firing. The vitrification range is very short, in-
cipient fusion appearing at approximately cone 02 with complete
fusion between cones 2 and 6. Consequently, the brick are
usually not fired to steel hardness and may have a nonuniform
color varying from a buff brown to dark red. At higher tem-
peratures, the color is red brown and may become purple and
black.
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Puget Sound glacial clays are used for making common brick,
drain tile, and partition tile; and, when color and structure are
not important, they may be used for hollow block. When made
with a rough texture they find a ready market as face brick.
They may be used for flower pots, especially when washed, and
a slip prepared from certain kinds can be used to replace the
standard Albany slip for a cheap brown glaze.

Nearly every town in the Sound country at some time has had
a brick yard using these clays, perhaps because a good product
could be made by simple methods. Within recent years, the
situation has changed markedly; in 1920 the number of plants
making common structural ware from glacial clay had decreased
to 12; at the present time (1937) only 7 plants remain, and some
of these are inoperative.

WILLAPA PLEISTOCENE CLAYS

The term “Willapa Pleistocene clays” has been adopted
here to designate the surficial materials that occur throughout
much of southwestern Washington and which are particularly
abundant in the Willapa Hills region. There are many other
clays of the same age in the State, but a distinctive name ap-
pears desirable for these particular beds because of their peculiar
appearance, which leads to ready recognition, and their general
concordance in properties. As used, the term includes the vast
amount of clay, clayey sand, and decomposed gravel of Pleisto-
cene age that masks the bedrock throughout a large part of
nonglaciated western Washington. Some of these materials
are shown on the State geologic map as Pleistocene continental
sediments (Qc); others, near the ocean, are shown as Pleisto-
cene alluvium (Qa); and still other deposits, that in some places
overlie older formations, are not specifically indicated by either
color or symbol. Commonly, they are alluvial, but some depos-
its are apparently lacustrine, and marine beds occur near the
coast. In most exposures, they are rusty or reddish brown for
many feet below the surface, and associated gravels are nearly
always iron stained.

Near tidewater on the west, the beds are fresher and show
the blues and greens of unoxidized clays below a scant depth
of weathered material. The deposits here are of estuarine
origin and have a characteristically mealy structure and weak
plasticity. On the whole they correspond in physical prop-
erties to the other clays of this group, though their temperature
of fusion is lower.

The Willapa Pleistocene clays in general are the surface
materials and so are easily mined as soon as the land is cleared.
The gravels that may occur closely associated with the clays
are mostly so softened as to give little trouble in the grinding
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process and even have a beneficial effect in opening the body;

quartzite pebbles, however, are unaltered, so when they are
present, extra precautions must be taken in grinding. These
clays have good plasticity and molding properties, but com-
monly have rather high shrinkage unless mixed with less plas-
tic material. They become hard at approximately cone 04,
and show a firing range from cones 04 to 7. The fusion tem-
perature is in the vicinity of cone 11. The fired colors are
buff red to chocolate brown and are usually of a pleasing, clear
tone.

In marked contrast to the general run of these clays are
certain beds, occurring at several places, which have distinc-
tive physical properties. They commonly are soft, plastic gray
clays that are buff firing and in some instances semirefractory.
A few are somewhat consolidated so as to approach the in-
duration of shales.

The Willapa Pleistocene clays have been utilized for many
years for a good quality of common brick, rough-textured face
brick, drain tile, and hollow block, while material available
in some localities can be utilized for sewer pipe and products
of higher grade. For data on individual deposits and particu-
lar tests, reference should be made to the sections on Cowlitz,
Lewis, and other southwestern counties.

HAMMER BLUFF CLAYS

The clays of the Hammer Bluff formation occur in such a
small area that their delineation on the geologic map of the
State is not feasible. Nevertheless, in view of the scarcity
of terra cotta materials in western Washington, the deposits
are of marked economic value. They occur in the Green River
Valley in King County, chiefly from 9 to 11 miles east of Au-
burn, and at one place have been worked for many years. They
are mostly sandy but show much variation in texture. In
general, they are all free-working clays of good plasticity and
moderate shrinkage. The firing range is good, and varies be-
tween cones 3 and 15; complete fusion may not occur until
cone 23-26 is reached, and some samples were able to with-
stand cone 28. They fire to grays and buffs and are suitable,
when properly treated, for terra cotta, some kinds of stone-
ware, and yellow earthenware.

SPOKANE-CLAYTON CLAYS

The Spokane-Clayton clays are the unconsolidated buff-
firing, mostly refractory clays that occur near the eastern border
of the State from Palouse, Whitman County, through the
Spokane vicinity, to Valley, Stevens County. Both residual
and sedimentary clays are included. Some are shown on the
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State geologic map as Miocene continental deposits (Tmc);
others occur near the border of Mesozoic (?) acid intrusives
(Mi) and Miocene volcanics (Tmv) or other formations. A
few occurrences are near the border of Paleozoic metamorphic
rock (Poe) and younger formations.

RESIDUAL PHASE

The residual phase of Spokane-Clayton clays includes those
deposits formed in place and also those of colluvial nature that
border Mica Peak, Spokane County, together with others, less
important, that occur to the north. They are unconsolidated,
easily mined materials of widespread occurrence. The over-
burden on different deposits varies from a few inches to 40
feet and more, but there are few objectionable impurities in
the clay itself. In general, the clays are easily prepared, work
smoothly, and have a moderate to rather high shrinkage. They

are eminently adapted to washing, if the included quartz grains

and muscovite are undesirable and an especially high-grade
clay is sought. They remain porous until subjected to high
temperatures and fuse at approximately cone 30, some picked
samples even reaching cone 35. The fired colors are light
buff, gray, and nearly white.

LACUSTRINE PHASE

Lacustrine clays occur throughout the same territory as the
preceding residual type but have their best exposure in the
vicinity of Clayton, Stevens County. They are mainly refrac-
tory and are otherwise closely related to the residual clays
because of their origin. An overburden of sand, gravel, or
red-firing clay is commonly present in variable amounts, but
the clays are in flat-lying, easily mined, unconsolidated beds.
They are usually of good plasticity, and some are very unctuous.
Shrinkage is rather high but excellent bodies can be developed
on firing. Their vitrification range is ample for all purposes,
and minimum porosity is reached at comparatively low tem-
peratures. The fired colors are various shades of buff and may
be very light. Fusion is approximately cone 26 but may reach
cone 32.

These clays are extensively used for face brick, terra
cotta, stoneware, and earthenware, and it is to be expected
that, with experimenting, they may be found available for
other high-grade products, including refractories.

SHALES

Compacted argillaceous beds occur abundantly with the
sandstone and conglomerate of the Tertiary formations. They
are generally and rather loosely called shales, although that
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term implies a fissile structure that commonly is lacking. The

most useful shales in the State are in the sedimentary strata
known as Puget, Chuckanut, and Swauk formations; prob-
ably shales of value occur in the Roslyn formation, and samples
from still other formations show promise. The soft Spokane-
Clayton clays of the Latah formation are of great value, but
the shale phases of that series are mostly usable for only com-
mon grades of ware. The many formations in which shales
occur are shown on the State geologic map as: (1) Miocene
and Oligocene marine strata (Tm, Tma, Tmm, and Tmo); (2)
Miocene continental beds (Tme); (3) Eocene marine strata
(Te); and (4) Eocene continental strata (Tec). The last
includes the Puget, Chuckanut, Swauk, and Roslyn formations.

There is sufficient similarity in physical properties to permit
considering all Tertiary shales as members of a single group.
In many instances properties of samples from different beds
in one formation show fully as wide a range as is shown by
samples from several formations.

In general, the shales dip at such an angle that underground
methods must be employed for their mining. In some places
the properties of many adjacent steeply dipping beds are
sufficiently similar, or have a composite character, that permits
quarry mining. Where shales are flat lying or particularly
massive they may be quarried without difficulty.

Shales are commonly low in lime content but moderately
high in iron oxide. Some are soft and friable and respond
readily to treatment; others are hard and tough, slake very
slowly, and so are used with some difficulty. A combination
of jaw-crusher and dry-pan is all that is required for most
varieties. Good plasticity may be developed in a wet-pan, and
even the least plastic, unless highly indurated, will respond
if the treatment is prolonged. The water of plasticity may
range between wide limits, and the drying shrinkage, although
generally moderate, may show similar variance.

Certain beds of the Puget, Chuckanut, and Swauk forma-
tions are very refractory, having cone fusions as high as 34;:
others fuse at moderate temperatures, the average being cone
6-8. Fire shrinkage is mostly low. The fired color of all ex-
cept the refractory, buff-firing types is commonly brown or
red brown, and when steel hard the bodies are dense, tough,
and of low porosity. Carbonaceous matter is common in shales
and may cause bloating and black-coring in the firing.

Shales are used for a great variety of ware, such as: face
brick, hollow block, partition tile, sewer pipe, and paving brick.
A few exceptional varieties are used for fire brick, terra cotta,
and other high-grade products.
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HIGH-ALUMINA CLAYS

Clays have many commercial uses aside from their princi-
pal utilization in the manufacture of clay wares. Some uses
depend on the peculiar physical properties of certain clays,
such as the employment of bentonite (a clay of the montmoril-
lonite group) as “mud” in the rotary drilling of oil wells. Other
uses depend on chemical composition, as in the manufacture
of Portland cement. Although at present of minor importance
in the metallurgical field, clays seem destined to play a role
of increasing importance because of their unique chemical
composition.

Clays contain aluminum as an essential part of their com-
position. This element is chemically combined with oxygen,

silicon, and water and is present as a hydrous aluminum sili-
cate. When clays are analyzed the aluminum is reported as
a simple oxide, and the term for this oxide, alumina (ALQ,),

is used in speaking of the aluminum in a clay. Some clays
approach the mineral kaolinite in composition with an alumina
content nearly up to the theoretical 39.5 percent of kaolinite.
A few clays are known which have still higher percentages
of alumina because of the presence of small amounts of oxides
of aluminum such as gibbsite and diaspore.

At present, in the United States, metallic aluminum is made
from the mineral bauxite, a hydrated aluminum oxide
(Al,O,.2H,0). Theoretically pure bauxite contains 73.9 per-
cent alumina, but the percentage in commercial ore usually
ranges from 50 to 60 percent. These amounts are in strong
contrast with the 30 to 40 percent in high-grade clays and 15
to 30 percent in most clays.

The process by which aluminum is reduced from bauxite
is not applicable to clays. However, any process that will per-
mit their use has unlimited supplies of raw material at hand.
Several processes have been worked out whereby aluminum
can be reduced from clays but not on the economic basis
necessary for present competition with bauxite. A process
was developed by a commercial organization which success-
fully produced aluminum from Washington clays as long ago
as 1920. The results of a survey of the aluminum industry
with reference to the utilization of northwest clays is given by
Miller.® A process in which Washington clays were used and
which proved successful under laboratory conditions was de-
veloped by Parkman.® It appears certain that eventually the

@ Miller, R. M., A survey of the aluminum industry and its mellurgical processes:
State College of Washington and State Metallurgical Research Lab. Bull, D, 1935,

@ Parkman, H. C., Sulphuric acid leaching of Washington clays for the production
of alumina and aluminum metal: State College of Washington and State Metallurgical
Research Lab. Bull. E, 1935,
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high-alumina clays of the State will become aluminum ores,

particularly with the advent of abundant, cheap electric power.

The clays that appear best adapted to such use are those
highest in alumina and lowest in iron content. Possibly a lower
content of alumina would be satisfactory if other characteris-
tics of the clay, such as ready slaking, were favorable and the
iron content was particularly low. High-alumina clays occur
in various parts of the State and are listed with their analyses
in appendix 2. Those occurring in the largest easily mined
quantity are the Spokane-Clayton clays. They are known to
extend over several thousand acres in the Mica-Freeman-Manito
area, and the alumina content of these clays has ranged in
various analyses from 30.5 to 41.2 percent. The inclusion
of limonite in samples from Manito gave an iron oxide content
of 13.9 to 15.5 percent, but in general these clays have a low
iron content.

Many other localities in Washington have high-alumina clays.
A content greater than 30 percent is known for some of the light-
firing clays of Whitman County and is reported for a Clallam
County clay; it is characteristic of the Clayton clays of Stevens
County, the refractory shales of Douglas, Chelan, King, and
Whatcom counties, and is reported for a Skagit County shale.
An unusually high content of alumina, 45.23 percent, has been
reported among analyses of the Kummer flint clay. Another
very high alumina clay is being mined in Cowlitz County; an
analysis of water-free, calcined clay from this property has
shown 53.68 percent alumina and only 0.26 percent iron oxide.

Clays with an alumina content between 25 and 30 percent
are still more abundant. They are known to occur in most of
the counties mentioned above and, in addition, in Lewis, Pierce,
and Snohomish counties. Doubtless, all those counties and many
others would be shown to contain clays with at least 25 percent
alumina if more complete analytical data were available.

In the following table is given the location by county and
district of all high-alumina clays for which analyses are avail-
able. This includes all such materials that are now known ex-
cept the refractory Douglas County clay-shales. For convenience
of comparison an arbitrary separation into three groups has
been made: clays having an alumina content of 25-30 percent,
those ranging from 30-35 percent, and those having over 35
percent alumina. Because of the importance of the content of
iron for certain uses there is added the iron oxide percentage,
calculated as Fe.O,. Reference to appendix 2 for complete
analyses, precise location (when known), and other details is
facilitated by the designation of the analysis number in each
instance.
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The high-alumina clays are described in the discussion of
clays of the counties.
properties, and behavior on firing are given. They are not neces-
sarily mentioned as of high-alumina content, but that character-
istic may be inferred when the particular clay is light-firing
and refractory or moderately refractory. In many instances
these are the same clays as those for which analyses are given;
in that case the sample number of the particular clay is given in
the appendix. In general, however, the analyses are not of the

identical clay sampled (see p

Details of geologic relations, physical

1), but when physical tests

were made on a similar or closely related clay the correspond-
ing sample number, preceded by an asterisk (i. e., *78) is given
with the analysis. Obviously, the compilation of analyses from
so many sources, in part of clays from obscure locations, is less
useful than would be analyses of clays sampled for this report.
However, in the absence of funds for such detailed analytical
work, the assemblage of previously made analyses in one table
provides valuable information.

High-alumina clays

Loecality

King County
a7 | Green River
5 | Kummer

Enumelaw
51 | Enumelaw

Lewis County
3 | Centralia

Pierce County

168 | Clay Gty ..cconvas
168-A| Carbonado ........
Skagit County

143 I Prafrie oo
sSnohomish County

M2 | IndexX .oveie v
Spokane County

914 | Miea .....

245 | Moran Pr

22 | Chester .

24 | Chester

235 | Chester

242 | Pleasant Praivie ..

o907 | Clayton ... e

28 [ Clayton .......e.e.
Stevens County

25 | Clayton ...

257 | Clayton. ...

o5 | Clayton ...

21 | Clayton

770 | Clayton

297 | Valley

| Whateom County
415 | Bumas

Aluming (Al=Ogz) 25-30 percent | Alumina (AlsOz) 50-35 percent

o
Iron |%2 Iron
oxide |35 Loeality oxide
(Fesls) | E2 (Fez0s)
-
Chelan County
1.54 8 | Squillehuck Canyon, 0,61
1.38 10 | Sguillehuek Canyon! (.61
08
1.18 Clallam County
11 | Port Angeles ...., 0.70
4.52 King County
38 | Black Diamond .. 1.2
1.29 Skagit County
4.25 | 200 | Cumberland Creek. 1.99
Spokane County
P38 /208 | Miea it 1.62
s (10 ek i I et 1.5
21 Mlea  ciclls 2.1
8.8 231 | ‘Chester .....c...vs 1,70
240 Deer Park ........ 1.72
21 | Pleasant Prairie .. 2.78
1 24 | Deadman Creck .. 298
4.8
a.08 Stevens County
2.43 R [ OYLON .oco.iinean Ly
3.79 | 249 | Qlayton ........... 1.82
260 250 | Clayton ........... .39
1.74 %] | Clayton ........... 2.40
1.44 262 | Clayton ........... 5
2ol Cllayton o5 ianiiTs 2.3
254 | [Clayton iveeniaes 2.8
1.8 Whateom County
1.4 311 | Sumas ..........0. 4.9
1.16 B4 | Bumas ......o0000. 4.52
1.82 | 316 Sumas .,.ivvvisnny 4.82
2.5 AT | Sumas ..veveiriens 1.10
1.76 | 319 | Bumag ... ... 4.52
Whitman County
1.74 | 332 | Palouse <.....osnee .60
| 333 Palouse .83

Analysis
Number

Alumina (AleQa) 35 4 pereent

i Iron
Loeality oxide
IlPL':U::J
— e e =
Chelan County
Squillehuek Canyon| 0.41
Cowlitz County |
Castle Rock........ 0. 26
Castle Roek........ 0.52
King County
Kummer 3.43
Kummer | 8.20
Kummer 3,49
Kummer 2.60
Kummer ... 1.47
Kummer ... 348
Kummer ... 12.12
Kummer ... 1.16
Kummer 7 85

Taylor

Manito ....
Manito ....
Manito ...
Freeman ...........|
Chester

Whateom County

sSnmas ..... .48
Sumas ..... 1.4
Sumas .. 2,88
SUImMAS . ..oaeee o B0
Bellingham ........ | 1.07
Whitman County |

BAlONBE o\ o vaysrpiens] 2,20
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DESCRIPTION OF CLAYS AND SHALES BY COUNTIES
ADAMS COUNTY

Adams County is in east central Washington and has an area
of 1,912 square miles. The region is a treeless expanse of
broad, rolling hills separated by valleys that in places become
steep-sided coulees. Columbia River basalt underlies the whole
county and is exposed in a great many cuts and coulees. Over-
lying the basalt in parts of the region, particularly in the
southwest, are well-stratified sediments in which soft silty
sandstones and buff-colored clay-silts predominate. The sur-
face material throughout is a soil, largely eolian in origin, that
is mostly silty and rather low in clay substance.

The bedded silts as a rule are fine-grained and even-tex-
tured, low in bonding materials, and of low specific gravity.
They may be used for common brick and drain tile if carefully
mixed and handled so as to control low plastic strength and
high shrinkage, but they are not very satisfactory. Reference
to the results obtained on similar material from Grant County
(p- 94) will give a good indication of what may be expected.
A more easily handled clay suitable for common struectural
ware could be obtained quite generally by utilizing the surface
soil, which is a sandy phase of the Palouse clay found in Whit-
man County.

ASOTIN COUNTY

Asotin County, in the southeastern corner of the State, has
an area of 606 square miles. The relief is extreme, as the
county includes high uplands of the Blue Mountains and deep
canyons of the Snake and Grande Ronde rivers. Pre-Tertiary
metamorphic rocks have been exposed by the deep erosion of
the Snake River at two places, about 14 and 20 miles
southeast of Asotin. They include greenstone, schist, lime-
stone, and very calcareous argillites and are not a source of
materials usable for ceramic purposes. However, a deposit
of nearly pure-white clay is said to crop out opposite Lime
Hill on the Idaho side of the river. at the contact of the meta-
morphic rocks and the overlying basalt. Shedd® mentions
this clay as having a thickness of about 10 feet in places and
extending at least one-half mile across the country. An analy-
sis (appendix 2) shows a high silica content but does not give
the percentage of iron oxide. Extensions of this deposit on
the Washington side are not known, but they might be found
by tracing the basalt contact.

() Shedd, Solon, Cement materials and industry in the State of Washington: Wash-
ington Geol. Survey Bull, 4, p. 117, 1913,
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Aside from these relatively small exposures of older rock,
the Columbia River basalt forms the bedrock of the whole
county. It is covered in most places by a mantle of Palouse

clay, a yellowish-brown silty clay that is in small part residual
but it is mostly a loessal material. The usual physical properties
of these surface beds are given for such deposits in Whitman
County (p. 327).

The only other clay type known to occur in Asotin County
is a laminated fine-grained very light gray clay that in a few
places forms thick beds intercalated with the basalt flows.
Excellent exposures are in road cuts a mile or two southwest
of Asotin. They are derived from lacustrine deposits of silt
and volcanic ash and are red-firing materials similar in physical
properties to the Latah shales of Spokane County. A peculiar

variant of this clay is a black, highly carbonaceous material,
so “fat” and free from sand as to resemble wax, that is exposed
in road cuts a few miles west of Clarkston.

BENTON COUNTY

Benton County, in the great bend of the Columbia River in
the southern part of the State, has an area of 1,671 square miles.
The bedrock is the Columbia River basalt. Sediments are inter-
bedded with the basalt and crop out in some cuts and ravines.
They are not usable except for the commonest red-firing ware
and, in general, their structure and intercalation with basalt
would make mining expensive and difficult.

Silty alluvial clays occur in the Yakima Valley and have been
utilized at Prosser and Kennewick for common brick. They ex-
hibit weak plasticity, low strength, and high shrinkage with a
tendency to crack in drying and firing.

The plain lying west of the Columbia River, in the vicinity
of White Bluffs and Hanford, is floored with poorly assorted
clays, sands, and irregular deposits of gravel. This Recent
alluvial material has been left by the river when at former times
it flowed to the west of its present position. It is owing to this
eastward movement that the Ringold formation, as exposed in
the White Bluffs of the Columbia, is found only on the eastern
side of the river. Good clays no doubt occur in the river allu-
vium, but their location can only be ascertained by boring, and
the overburden would prove a serious deterrent to their use.
In the NE1} sec. 1, (13-26 E) several wells have been sunk that
average about 45 feet in depth. Clay was encountered at the
bottom of these, but its thickness and areal extent are unknown.
It is reported that similar material has been penetrated for 60
feet near White Bluffs.
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Sample No. 9, probably representative of these clays, was
taken from a dump by one of the wells. It is a light-gray clay,
mostly smooth and free from grit but containing a few small sand
aggregates scattered throughout. The sand grains are coarse
and are composed of quartz and fragments of basalt.

Plastic and dry properties Sample No. 9

FIAstIoIty. oo iasessaeinaiaes Strong, sticky Volume shrinkage........ 50.2% dry volume
Shrinkage water.......... . iaiiauan 27.4% Linear shrinkage......... 20,7% dry length
o[ g ) PO A SR A R A A 15.2% Linear shrinkage......... 9.5% wet length
Water of plasticity........connverunnss 42.6% Dry condition............ Cracked

Fired properties Sample No. 9

i . | . .

Cone | Color Condition L.S.9d.l T L.8.%d.l.| V.85 dy. Abs, A Por.
ne | Bufl-brown Good, hard 0.3 21.0 2.9 16.4 28.0
| Buff-red Steel hard - 4.5 5.2 12.9 1.2 2.0
02 | Red-brown Near vitreous, 10.9 3.0 20.1 0.6 1.8

BH:

Remarks: Best firing range: 08-01. Cone fusion: 6-7. High shrinkage;
cracking. Needs a nonabsorbent, nonplastic admixture.

A small brick yard was formerly operated in Hanford on very
sandy alluvial clay taken from the bank of the Columbia just
north of the town. The product showed the effect of the high
sand content of the clay used.

CHELAN COUNTY

Chelan County, in north central Washington, has an area of
2,900 square miles. It is largely a rough and mountainous region
lying on the eastern slope of the northern Cascades, but terraces
and broad valleys border the Columbia River and its tributary
valleys. Argillites, quartzites, and schists occur in the western
part of the county, but they are not rocks in which clay materials
would be expected to occur. However, of equal extent in that
region and forming the predominant rock in the northern part
of the county are granite, granodiorite, and gneiss. Such rocks,
upon decomposition, produce excellent clays. Similar rocks
have been the source of the high-grade clays of the Spokane
region. In Chelan County erosion is so active that it is doubtful
if any residual deposits exist. There is the possibility, though,
of occurrences in protected places, just as residual clays occur on
the western slopes of the mountains in King and Pierce counties.

Lowlands bordering the mountains, where the products of
decay of the granitic rock would normally occur, are deeply
buried under the Columbia River basalt. Low-iron high-
alumina clays may have accumulated at the edge of the basalt
or may be interbedded with the flows, as happened in the
Spokane area, but so far, no such deposits are known.
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The most valuable source of ceramic materials is the Swauk
formation of Eocene age. These beds cover a large area in the
vicinity of Wenatchee and the southern border of the county
and extend for 50 miles to the northwest. They consist of some
conglomerate, arkosic and relatively high-quartz sandstones, and
a great variety of shales. The stratigraphic thickness is difficult
to determine, but measurements made during investigations by
the Division of Geology indicate at least 12,000 feet of beds. The
sediments in many respects resemble the Chuckanut formation
of Whatcom County and it may be that they are stratigraphic
correlatives.

The Swauk sediments are of fluviatile and lacustrine origin
and were deposited at about the same time that the Puget group
was laid down. However, no marine phase has been observed

in the Swauk. The shales are mostly nondescript mudstones
similar to the usual Chuckanut types; but in some places, again

similar to certain of the Whatcom County beds, they show the
valuable physical properties of sediments derived from acid
rocks and accumulated in isolated waters. Sedimentation may
have been partly in lagoons or lakes, but in some way protection
was afforded certain strata from contamination with the detritus
from heterogeneous rocks.

The resultant high-alumina clay-shales are well exposed, and
for several years have been worked for ceramic materials, about
314 miles northeast of Wenatchee on the Douglas County side of
the Columbia River. These beds are basal members of the
Swauk and lie immediately above the pre-Swauk surface of
gneiss. They are described in more detail under the heading of
Douglas County.

Other good examples of the high-grade Swauk shales are on
the west side of Squillchuck Canyon, 3 or 4 miles south of
Wenatchee. Thick beds interstratified with sandstone have been
exposed here by prospect tunnels in the NW14 sec. 27, (22-20E).
This is near the axis of a northwestward-trending anticline,
where the beds show considerable variation in strike and dip,
though low dips of 15° to 20° are usual. The shales are dark
gray-brown, low in sand, and very hard. They are nonplastic,
but a plasticity can be developed by wet grinding. Mr. N. W. L.
Brown, who is interested in their development, has supplied
analyses (appendix 2) and told the writer that cone fusions of
cones 34 to 35 were obtained on test samples.

The known beds of refractory, light-firing shales are confined
to the two localities just mentioned, but extensions of these
strata probably exist. If so, they could be found by following
recognized structures. Other shales in the Swauk may be of
good quality, so the formation warrants thorough prospecting.
A region worthy of particular attention is the 280 square miles
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of Swauk rocks extending from Wenatchee to a little beyond

Wenatchee Lake.

The benches and high terraces bordering the Columbia and
tributary streams are, for the most part, gravel and sand, but in
some places there are thick beds of fine gray Pleistocene silt and
some Recent soft buff-colored clays. A brick yard at Wenatchee
was operated for a number of years on a bed of soft, alluvial clay
that lies along the Columbia at 9th and Walla Walla Avenue.
The site is on the first bench about 25 feet above the water. The
pit covers an area 275 feet long and 125 feet wide; it has been
excavated to a depth of about 20 feet. A great quantity of
reserve clay exists. The material is bedded, but the assorting is
poor, one stratum merging into another. It all contains some
sand, and in some places it is more sand than clay. A few small
scattered pebbles are in the clay, and one noted, of granitic mate-
rial, was about 2 inches in diameter. Calcareous concretions,
flat and irregular in shape, are found in the better clay strata,
and the clay itself is calcareous.

Sample No. 156 of this clay is a sandy buff-colored material
that is soft and easily powdered when dry. The friableness is
probably increased by the abundant irregular minute tubes
caused by root hairs which traverse the more clayey phases.

Plastic and dry properties Sample No. 156

¢ 4 FT o3 n e 1 ol (S S St g S Sy Good Volume shrinkage........ 20.2% dry volume
Shrinkage water.........coeeveenenans 10.5% Linear shrinkage.,....... 7.3% dry length
e T e e e SR g 12.69% Linear shrinkage ......... 6.6% wet length
Water of plasticity..........cc.0veuin 23.19% Dry condition............ Good

Fired properties Sample No. 156

Cone Color Condition LSSl T.L.8S.%d.] V.B.9:d.v. Abs, A.Por.
= | Light red- Good, hard 0.6 7.0 1.8 17.7 3.8
| _ hrown
07 | Light red- Good, hard 0.5 &.1 2.4 16.7 .8
hrown
4% Bright brown- | Good, S.H. - 1.8 8.6 3.8 12.2 23.0
Tod
2 | Brown-red Goml, 8 H. 3.9 11.2 11.3 B.7 17.9
2 | Dark |rri]\\'ll--1 J’ 7.1 4.4 19.7 1.9 4.2
red Vitreous, slight 1
-7 do J| stieking, 8H. |L 7.0 148 19.5 1.1 2.4

Remarks: Best firing range: 07-02. Cone fusion: 8. Good color and
texture.
Class of ware: Used for brick and tile.

Wenatchee Brick & Tile Co.—The company mines the clay
“run-of-pit” by means of a steam shovel loading into cable-
hauled cars. When delivered to the plant the material is put
through conical and plain rolls to eliminate as many of the
pebbles and concretions as possible; after this it is elevated
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to a combination pug mill and auger machine, equipped with
a 12-brick rotary cutter. Drying is carried on in an open yard—
a very satisfactory method, as operation is only during the hot
summer months. The brick are fired in scove Kkilns, using
wood for fuel. There is very little loss from defective ware
and the product has a good color and high tensile strength.
Common brick, rough-textured face brick, and hollow brick
are made.

Lake Chelan occupies an old glacial trench that is only
about a mile wide but extends 48 miles back into the Cascades.
The lake has served as a settling basin for silt derived from the
action of ice and mountain streams, and as the surface of the
water has lowered, through the cutting down of the outlet,
these lacustrine sediments are exposed in a few places. They
have been used at the town of Chelan, at the foot of the lake,
for common brick, but no plant is operating at the present time.
The deposit here is extensive and has a reported depth of 40
feet. It is thin-bedded with marked separation between indi-

vidual strata. In manufacturing, the material has been used
“run-of-pit”.

Sample No. 155 was taken from the open cut of the old work-
ings. The beds differ mainly in texture, the clay being an
extremely fine silt containing much clay substance, and the
intervening strata are coarser silt. It is very light gray in color,
fine and uniform, and practically free from grains coarse
enough to be classed as sand.

Plastic and dry properties Sample No. 155

Plasticity ....oovvrvernvenrennnons Poor, silty  Linear shrinkage...........3.0% wet length
Water of plasticity............... 28.7%

Fired properties Sample No. 155

34* Dark red- Fus=ed, S.H.
hrown

Cone Color Condition L “\( |il l I \ﬁ{-lll \ ‘s‘ dov. | Abs. A Por.
1
(&  Buff-brown Weak, very soft 24.1 .2
06 | Buff-brown Weak, very soft .2 b1}
05 | Light red-buff | Weak, soft 2.0 .
2 | Red-brown Good, S.H. 7.9 | 6.4
2 | Dark red- Vitreous, 0.3 0.
hrown Good, S.H. |
0.0 | (N

Remarks: Best firing range: 04-01. Cone fusion: 3. Weak plastic and
dry strength; short firing range.

St. Luise Bros. Brick Yard.—This small yard is 3 miles by
road north of Chelan at an elevation of 800 or 1,000 feet above
the town. The clay used is merely the stony surface soil that
has formed on the steep hillsides of the vicinity. It is scraped
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up, screened, and put into a soak-pit until ready for the press.
A horse-powered soft-mud machine is used, and the brick are
air-dried on the ground. They are fired in a scove kiln, using
wood for fuel.

Rhyolite intrusives and flows and rhyolitic tuffs are rather
common rocks in Chelan and Okanogan counties. They are
mostly rather low in iron and so, when weathered, or decom-
posed by hydrothermal action, may produce light-firing semi-
refractory clays. A few such deposits, irregular and of slight
extent, are known in the vicinity of Wenatchee. They cause
much interest and give rise to reports of valuable clay occur-
rences, but, so far, none of commercial importance is known.
Future prospecting may prove the existence of workable bodies,
for a great thickness of plastic altered rhyolite was encountered
in the deep drilling of an oil prospect in this vicinity. An at-
tempt was made at one time to use a nonplastic, somewhat
weathered rhyolite for dry-pressed brick. The plant is located
about a mile southeast of Wenatchee in the SE14{SE1, sec. 16,
(22-20 E).

CLALLAM COUNTY

Clallam County is in the extreme northwestern part of the
State and has an area of 1,726 square miles. Clay or shale of
economic importance is unknown in the Olympic Mountains,
which comprise much of the county, and, from the character
of the rocks composing this rugged region, it is not likely that
any such materials will ever be found. However, the bench
land lying north of the mountains and extending to the Strait
of Juan de Fuca is made up of sediments of Miocene and Oligo-
cene age containing excellent shales. This belt is several miles
in width and extends the full length of the county, yet a heavy
mantle of glacial drift renders outcrops comparatively scarce
and confines them mainly to the sea cliffs and river channels.

SHALES

For a long distance, the Seattle, Port Angeles & Western
Railroad has its grade on a bench that is well covered with
glacial drift; but from a point in the western part of R. 9 W. to
the town of Twin, and beyond, the hills rise abruptly from tide-
water, and excellent exposures of the Tertiary formations are
common along the right-of-way. Bluish-gray shale, weather-
ing to a buff color, is exposed along the track on both sides of
Murdock Creek in the S14 seec. 29, (31-9 W). In the N4 sec.
30, (31-9 W), exposures of shale are continuous; 30 feet is not

an uncommon height for the cuts through this material and
—3
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they probably exceed 50 feet in the northwest corner of the
section.

A sample was taken from a cut nearly on the north line in
the NEV; sec. 25, (31-10 W). The fresh, unweathered gray
shale is exposed here for several hundred feet along the track
to a height of nearly 25 feet. Above this is a few feet of red-
dish-brown, weathered shale, and an overburden of glacial
drift, from 5 to 15 feet thick, occurs in places.

Sample No. 368, taken here, is dark gray in color and is
hard and compact. The texture is uniformly of rather fine
grain. A cut surface of the damp shale shows a decided sheen,
for the sand, although present in small amount, is in very fine
grains.

Plastic and dry properties Sample No. 368

PIAREICIEY (oo cantaimensaiais s Good, strong  Volume shrinkage........27.8% dry volume
Shrinkage water ............. 15.6% Linear shrinkage.........10.3% dry length
FOreWRbEY . o v vy sl s 18.8%
Water of plasticity............. 34.47,

Fired properties Sample No. 368

L.5.%d.L T.L.8S.%d.)., V.8.gud.v, Abs. A.Por.

Cone Color | Condition

06 | Lt. red-brown | Cracks, hard 1.9 o i | 33,8
04*| Brown-red Few cracks; 3.1 13.4 9.3 12.9 24.3
| senm, hard
02 | Red-hrown Yesieular, 8. H, 0.7 2.0 1 .8
2 Dk. red-brown | Cracked andbadly -7.0 3.8 -19.4 6.7 0.4
bloated, soft
2 RN | pvanmar s o T M s (TR R | e DL T CRRR ST ] e e

Remarks: Best firing range: 06-02. Cone fusion: 2. High dry-shrink-
age; early fusion.

Class of ware: Common red and brown structural wares.

The railroad grade extends south along the east side of the
valley of the Twin River in the NW1/ sec. 25, (31-10 W), and
cuts through several spurs from the higher hills. In these cuts,
which range up to 40 feet in height, the strata are exposed
across their strike, and show the character of the shales par-
ticularly well.

The largest cut is 250 feet long. It shows the customary
brown discoloration in the upper 10 to 15 feet, but the lower
material is fresh and bluish gray to nearly black, depending
on the moisture content. The upper beds are slightly sandier
than the lower ones, but bedding is obscure, and the deposit
appears massive. A strike of N. 70° E. with a dip of 45° NW.
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was determined from one of the very few thin concretionary
layers. Round siliceous concretions occur irregularly in parts
of the exposure; these are formed about nuclei consisting of
shells or fragments of rock and range from a quarter of an
inch to 2 inches in diameter. Fossils, principally bivalves, are
numerous, but none of these impurities is present in sufficient
quantity to interfere with a successful exploitation of the shale.

Sample No. 367 is composite, being taken from various places
along the exposure and represents a stratigraphic thickness of
about 160 feet, but does not include the brown, weathered phase.
It is a dark-gray, medium fine grained, “fat” shale, practically
identical with sample No. 368.

Plastic and dry properties Sample No. 367

P RN o wiie s s et b et e Good Volume shrinkage.......30.4% dry volume
Shrinkage Water.......icvsmsssevieess 16.9% Linear shrinkage........ 11.4% dry length
POTE WRLET: & o= siie s i wisls ridive i b o s 19.29% Dry condition............ Few drying cracks
Water of plasticity..... .o 36.1%;

Fired properties Sample No. 367

Cone Color Condition L85l (T.L.8.%d)| V.8 Gudy. | Abs, A.Por.
06 | Lt. red-brown | Good, hard 1i5 12.0 4.2 18.3 32.3
4*| Red-brown | Seum, hard 3.9 = 11.2 15.6 2.0
02 | Dk. red-brown | Vitreous, B8C0m, | .....icevsseloossrosvens 5.3 4.6 10,0

s H. |
2 | Dk. red-brown | Vesiealar, fused, 3.5 .0 -10.3 | 5.8 5.6
seum, S.H.

Remarks: Best firing range: 06-02. Cone fusion: 2. High dry-
shrinkage; some cracking and scumming. Early fusion.

Class of ware: Common red brown structural ware.

Shales are exposed for one-half mile or more in cuts along
the Piedmont-Joyce road in the NE sec. 11 and SW; sec. 1,
(30-9 W). The outcrops are all of similar type, being well-
bedded strata of sandstone and very compact sandy shale of
dark color. Siliceous concretionary layers are abundant, and
most of the shales, although much weathered and jointed, are
very hard. The strike is east, and the dip is 30° N.

Sample No. 366, taken to indicate the general character of
the shales, came from two beds, each about 40 feet thick, occur-
ring near the south end of the exposures. The material is
dark yellowish gray, very sandy, and has a nonuniform texture.
It is not only hard but very tough, making the shale much more
resistant than that observed to the north along the railway.
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Plastic and dry properties Sample No. 366

PIARUORY . o ia i v Weak, erumbly  Volume shrinkage......... 9.6% dry volume
Shrinkage water............ 4.9 Linear shrinkage... ..3.3% dry length
POIeWALED. . oot s 14.1%
Water of plasticity.......... 19.0%

Fired properties Sample No. 366

Cone Color umlitinu ‘ L S.%d.] T.LS.%d.). V.8.%d.y. Abs, A.Por.
04 Lt red-hrown | Weak, soft ‘ 1.0 5.2 5.3 17.8 .0
02  Dk. red-brown |V |trmu- surface, | 1,0 82 .1 8.7 18.6

3 | Dk. red-brown | F used and 7.9 11.2 21.8 1.1 2.7
vesicular, S.H. |

gf Dk red-hirown | | Blogted; Bandie |l nrniainliiiininiifiisniaiiee | cossabaiaei

| Fused, ‘

Remarks: Best firing range: 04-01. Cone fusion: 2. Poor plastic
strength. Short vitrification range, early fusion.

Shales are exposed about 4 miles south of Port Angeles in
the bed of Tumwater (Fraziers) Creek but were not sampled;
they also outcrop under considerable glacial overburden on the
sides of Morse Creek Valley near Highway No. 101. Brown,
much-weathered shale is cut by the Freshwater road just north
of its junction with the Port Angeles-Joyce road, and a very
hard dark-gray shale is exposed in cuts along Highway No. 101
east of Lake Sutherland for considerable distance on both sides
of the Elwha River. On the Clallam road, in sec. 26, (31-12 W),
shales are exposed at several places, and they are common along
the shore, as at the mouth of Whiskev Creek and from there
to Freshwater Bay.

PUGET SOUND GLACIAL CLAY

Glacial clay is plentiful in the county, especially in the
vicinity of Port Angeles, and differs only in minor detail from
occurrences of the Puyallup series elsewhere. It was sampled
at but one place—in the business district of Port Angeles where
a 40-foot bank was formerly exposed on the south side of the
street-grade. The clay bed, here, may be 30 feet thick, but
the lower part is masked by material fallen from above. Lat-
erally, sand and gravel phases replace the clay; there are im-
mense quantities of each of these sediments.

Many years ago a brick yard operated on this clay, making
a fair quality of common, soft-mud brick. It was found that
weathered material was most usable and that exposure to the
air and the addition of some sand to the clay was beneficial.

Sample No. 365 includes the unweathered bluish-gray clay
from the lower part of the exposure and also some of the upper
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slightly weathered yellowish-gray material. It is very plastic
and exhibits a characteristic blocky joint structure on drying
in the bank. It is uniform in texture, contains the fine siltlike
sand common to most glacial clays, but is apparently free from
coarse grit or pebbles.

Plastic and dry properties Sample No. 365

Plasticity ... .00 i T i e e Good  Volume shrinkage........ 26.2% dry volume
Shrinkage water.......ccveuiannnasin 13.8%  Linear shrinkage......... 9.6% dry length
P OT B RN 1 N b e (eata el a e o s b s 16.8%  Linear shrinkage.......... 7.0% wet length
Water of plasticity.........cooievinuns 30.69

Fired properties Sample No. 365

Cone | Color Condition L8 %l [T.L.8.9%A1. V.8.gdv. Abs, A.Por.
010 | Buff-brown Weak, soft 0.6 10.2 1.8 17.5 31.8
06 | Lt, red-brown Seum, good, hard 1.1 0.7 3.3 15.3 B.5
(4| Dk. red-brown | Seummed, good, 8.0 15.2 15.9 b.7 12.3
5.H.
2 | Dk, red-brown | Glazed, fused, 7.2 16,8 20.1 0.0 0.0
3. | l"llﬂiwll

Remarks: Best firing range: 07-02. Cone fusion: 5. Low tempera-
ture-of-fusion.
Class of ware: Common red-brown structural wares.

CLARK COUNTY

Clark County is an area of 634 square miles bordering the
Columbia River in the southern part of western Washington.
The eastern part of the county lies in the foothills of the Cas-
cades, where the bedrock is largely basalt and rock of similar
type. Reaching from there to the river is an extensive gently
rolling plain composed of basaltic flows and agglomerate, but
overlain in many places, sometimes to great depth, with alluvial
deposits of Pleistocene age. These latter are unconsolidated
sands and gravels with abundant sandy red-firing clays. Buff-
firing phases occur but are local and apparently few in number.

The clays and sands are well exposed at Image, a station on
the Seattle, Portland & Spokane Railway, about 5 miles east of
Vancouver. The Denny-Renton Clay & Coal Co. formerly had
a sewer-pipe plant here and developed and used a large amount
of clay. Open-cut quarry-face mining was employed on the
clay, which lay about 100 feet above the river level on a bench
just north of the plant. Although the different beds are hori-
zontal, they are subject to great lateral variation due to cross-
bedding and the thinning out of strata.

Sample No. 300 is general in character, being taken from
several places in the 12-foot working face of the pit. It repre-
sents dark- and light-gray sandy clay, buff and gray clayey
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sand, and also an indefinite stratum of dark-gray plastic clay
underlying the rest.

Plastic and dry properties Sample No. 300

15y Fobn T | ot IS o Dy ey Very good Volume shrinkage........ 37.8% dry volume
Shrinkage water................. 18,59 Linear shrinkage......... 14.6% dry length

) IS 1 I W T e 10.9% Dry conaition . ..eevenss. Hard and strong

Water of plasticity............0u. 294%

Fired properties Sample No. 300

V8Gdy. | Abs

Cone Color Condition ‘ L.8.gu.1 ]T.l.,H_%d.l.! ‘ A.Por.
| 1
Buff-brown Weak, soft 0.8 | 188 | -28 15.8 98,8
02 | Bright buff-red | Good, hard 1.7 ‘ 63 | 50 12.1 ‘ 2,9
2 | Bright Good, 8.H 3.8 184 | 110 6.8 12.7
| hrown-red [
347 Bright | Good, § H. 1.4 9.0 | 127 3.8 ‘
|

hrown-red |

Remarks: Best firing range: 02-6. Cone fusion: 10-11. High dry
shrinkage.

Class of ware: This material, with a nonplastic addition, was used for
sewer pipe and red-brown structural ware.

Sample No. 301 is from the 6-foot stratum of dark-gray,
somewhat bluish, clay that is partly exposed at different places
in the pit. It is best seen in the southeast end where the irreg-
ular bed attains its maximum height above the pit floor. This
clay is plastic when dug but dries to very compact lumps. It
is high in clay substance but still contains some sand and mus-
covite mica.

Plastic and dry properties Sample No. 301

Plastioily i culia smsn ol ns e Good Volume shrinkage........ 47.1% dry volume
Shrinkage water: .. ... .o i ddaaas s 28.7%  Linear shrinkage......... 19.1% dry length
PO e WAL s i e s s i e bale wlaiacels 29.5% Linear shrinkage......... 11.0%; wet length
Water of plasticily. .cicovriseidosasnes 58.2% Dry condition............ Strong dry bars

Fired properties Sample No. 301

Cone Color Condition L.8.% El | T.L.8.%d.1.| V.5.%d.v. Abs. A.Por.
08 | Light buff Good, hard 1.3 20.4 3.9 14.7 5.4
04 | Light buff-red | Good, S.H, 5.1 24,2 .7 7.4 15.5

01-1 | Light buff-red | Good, 8.H, 7.0 2.1 16.6 6.5 18.5

#4* Bright buff-red | Good, S.H, 8.6 | i | 25.6 5.1 10.8

G-7* Brown-red Good, 8.H, 10.2 0.3 7.5 4.8 9.9

12*| Dark brown Vesicular, 10.1 | 20,2 273 6.3 0.8
fused, S.H.

Remarks: Best firing range: 08-8. Cone fusion: 16.
Class of ware: Needs more nonplastic material for red and brown struc-
tural ware. See No. 300.

Sample No. 302 was taken from the NE!j sec. 10, (1-4 E).
This is in the hilly region northeast of Washougal where the
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alluvial deposits of clay attain considerable thickness. Several
prospect pits were dug in a hillside on the property of R. H.
Bedell, exposing similar clay of uniform texture in each. The
clay is dark yellow in color and dries to a much lighter shade.
It contains abundant white mica and fine, siltlike sand, which
gives a soft, friable character to the material.

Plastic and dry properties Sample No. 302

o T e e N e Good Volume shrinkage........ 19.29 dry volume
Shrinkage water.................cc00n 11.3%  Linear shrinkage......... 6.9% dry length
OB T B B N e ey vy Pt e e 4 Fnah s 20.19%  Linear shrinkage......... 5.8% wet length
Water of plasticity........ccvicunnaas 314% Drycondition’.:.....servs Strong bars

Fired properties Sample No. 302

Cone Color Condition L.8.%d.0. |T.L.8.5d.1.| \',H.’,}'.d.\'.| Abs. A.Por.
— 3 {= S asn e e =
010 | Buff-brown Wenk, soft 1.6 8.5 4.8 25.8 | 40.2
06 | Brown-red Weak, soft 8.1 10.0 9.0 25.9 | 40.8
4 | Bright brown- | Good, hard .3 12.2 15.0 18.6 33.2
| red
01 | Bright brown- | Good, 8.H. 10.5 174 28.2 | 6.2 18:1
T
#=4% Bright brown- | Good, S.H. 18.8 2.2 3.9 0.2 0.4
|  Ted |
6 | Deep brown- Near vitreous, 13.2 2.1 He | 0.2 04
red good, 8. H.
b e e e A b e L e e i e e o oot L e ey
| ]

Remarks: Best firing range: 04-7. Cone fusion: 11-12.
Class of ware: Red-brown structural ware.

A structureless mantle of yellow clay-loam, an alluvial silt
deposit, covers the region about Vancouver and forms a very
productive soil. This material is satisfactory for making com-
mon brick and has been used for that purpose by several yards
in the vicinity. One of these, the plant of the Hidden Brick Co.,
is in the north part of Vancouver at 2611 Kauffman St. For-
merly, clay was obtained from a few blocks south of this loca-
tion, where the clay is similar in origin and physical properties
to that used now. The present pit, covering an area 50 by 400
feet, exposes a yellowish sandy clay that is 10 feet thick at the
east end and 4 feet at the west. There is no overburden, and
objectionable pebbles are absent where the clay is thickest
though rather abundant in the thinner part of the stratum.
Underlying the clay is a stained, somewhat decomposed bed
of gravel.

Sample No. 769 is of the prepared clay as used by the Hidden
Brick Co. from the old pit.
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Plastic and dry properties Sample No. 769

Plasticlty ......c0iceiniiininnnns Fair, sandy  Volume shrinkage........12.0% dry volume
Shrinkage water........c.coeunes 6.4% Linear shrinkage......... 4.2% dry length
DR W BT o i N & o e s 16.5%

Water of plasticity.............. 22.9%

Fired properties Sample No. 769

Cone Color Condition LS. %), l’[‘,I..H.‘}-}ui.I. V.8.5d.v. Abs. | A.Por.

(8 | Red-brown Weak, soft

........................ 2.0 %.3 46.5
02 | Deep red-brown | Good, S.H.

........................ {185 12.8 6.0

Remarks: Best firing range: 06-2. Cone fusion: 6-T7.
Class of ware: Was used for common brick.

Hidden Brick Co.—The clay is plowed to expose it to the
weather and later carried by scraper to a trap, where it is taken

by conveyor belt to the plant. There it passes through dis-

integrator rolls to a pug mill, and then to a stiff-mud auger
machine with a hand cutter, or, as is the usual practice, to a
horizontal sand-mold soft-mud machine. Drying is completed
in from 8 to 14 days, depending on the weather, and is on cov-
ered open-air pallet racks. The brick are fired in a scove kiln,
taking 3 days for water smoking and 10 days more to complete
the firing. The output varies from 500,000 common and rough-
textured brick, under recent conditions of the market, to a
million or so in good years.

Throughout a large area in the vicinity of Ridgefield is an
alluvial clay that greatly resembles the Palouse clay of eastern
Washington (p. 49). These sediments are well exposed in
numerous road cuts and particularly in the pit of the R. B.
Muffett Brick & Tile Co., 3 miles northeast of Ridgefield, near
the center of the north line SE'} sec. 17, (4-1 E). This pit is
100 feet long, 85 feet wide, and has a 22-foot face. It exposes a
gray to reddish-buff sandy clay in which only an indistinct
stratification is apparent. There is no overburden, and the only
objectionable feature is the presence of occasional quartzite
pebbles. Stream-rounded boulders up to 6 inches in diameter
have been found in the clay.

The material, proved by a well in the pit to extend to a depth
of at least 52 feet, was deposited by streams heavily charged
with sediment. It shows lateral variation in texture, the west
side of the pit being free from very sandy phases, while the east
side grades downward into 8 feet of clayey sand at the bottom.
Coarse phases occur irregularly in the deposit, and some parts
are clayey grits in which virtually all the small pebbles are
decomposed. The more clayey part develops a rude columnar
structure on drying; it contains irregular minute holes left by
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root hairs, and both joints and holes are lined with a brown,
almost gelatinous film of the clay mineral beidellite. The sandy
phase has numerous layers of gray to black, carbonaceous plastic
clay that range from one-eighth to one inch in thickness. These
in some places appear as discontinuous horizontal lenslike lay-
ers and in others as irregular branching dikelike masses that cut
through the sand at any angle to the horizontal.

R. B. Muffett Brick & Tile Co.—The clay is dug by means of
a very efficient gasoline-powered channeling machine built by
Mr. Muffett. This device has a cutting head armed with re-
volving knives and operates on a boom like that of a power
shovel. It cuts a 2-foot channel from bottom to top of the pit
face; when this cut is 10 feet deep the machine is moved on its
track into position for a new cut until the entire face is traversed.
The disintegrated clay from the cutting head drops on a con-
veyor belt, which leads to a hopper in the machine. A car
passes under this, is filled, and is then pulled by cable to the
plant.

The plant is equipped with rolls, horizontal plunger-type
stiff-mud machine, and hand cutter. The brick are dried in a
covered shed and fired in a scove kiln. In firing, two days are
allowed for water smoking, and three more to complete the
firing. The product has a good structure and a very pleasing
bright-red color. A year’s run consists of 130,000 to 150,000
rough-textured brick (used for both face and common), about
27,000 hollow block, and about 50,000 various-sized drain tile.

COLUMBIA COUNTY

Columbia County is in southeastern Washington. south of
the Snake River. The area is 858 square miles, made up of
broad, rolling hills which merge into a mountainous region to
the south. The bedrock throughout the county is basalt. In
places residual clays from the decomposition of that rock may
oceur; in general, the surficial deposits are loess and modified
residuum very similar in appearance and physical properties
to the Palouse clay of Whitman County (p. 327). Some alluvial
clays occur in the valley of the Touchet River, but these are
only further modifications of the Palouse clay of the uplands.
All such materials are red firing, though entirely satisfactory
for brick and drain tile and could be utilized if the local market
warranted. A brick yard was in operation at one time on these
clays in Dayton.
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COWLITZ COUNTY

Cowlitz County borders the Columbia River in the south-
western part of the State and has an area of 1,153 square miles.

A rough topography characterizes the county, and the eastern
and extreme western portions are mountainous. This, together
with the prevailing heavy growth of timber, renders much of
the region difficult of access. Eocene basalt forms a considerable
proportion of the bedrock, and in places not subject to rapid
erosion a decomposition residue has accumulated to considerable
depth. The residual product is a dark reddish-brown clay that
varies greatly in texture in different regions, depending on the
composition of the original rock, on the completeness of decom-
position, and on the amount of weathering to which the clay has
been subjected. Miocene basalt occurs also, but is relatively
unaltered.

Tertiary sediments occur in the western part of the county
and are exposed in the Cowlitz Valley and in the hills to the
west. They include shales and sandstones of Eocene, Oligocene,
and Miocene age. Excellent shale exposures occur in the rail-
way cuts and along the various river and creek channels in this
field. The structure of the beds is relatively simple, and low
angles of dip are the rule; some local buckling, however, has
increased the angle in places. Some strata are thin-bedded and
have close intercalation of sandstone, sandy shale, and clay-
shales; but thick beds of shale are numerous and could be
mined without great difficulty.

The shales are commonly associated with coal of subbitumi-
nous rank. In the search for workable coal beds, prospect pits
and tunnnels have been dug in many places. In some of these
the strata can be observed, but many are in a caved or flooded
condition. As development progresses in road work or mines
a careful study of the newly exposed shales would be advan-
tageous; for the series contains a few beds that are buff-firing,
and some have been found to be of great economic value.

A buff-firing bedded material of unusual type is exposed
about 2 miles south of Kelso on the Temple property, where
Highway No. 99 is graded through a prominent ridge. This
material is a tuff—a water-laid deposit of volcanic dust, pumice,
and some rock fragments—that has, to a large degree, been
altered to clay. Slight induration has made it shalelike in hard-
ness and appearance. The cut is about 200 feet long and up to
18 feet in height; so shows the strata to good advantage. They
are medium-thick beds and dip from 5° to 10° SE. Some are
fine-textured, and these are lightest in color, being a slightly
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yellowish gray or nearly white; others are coarse, have a decid-
edly granular appearance, and are darker gray and stained with
iron oxide on the joint planes. Spheroidal weathering and joint-
ing are very prominent throughout the exposure.

Two samples were taken here, one being carefully picked,
to avoid stain, from the fine-textured beds, and the other a
general one. In mining it would no doubt be feasible to sort
the tuff so as to avoid the stained material, but it probably
would be unnecessary to differentiate between the beds.

Sample No. 309, of the finer material, has a uniform texture
and is very compact when dry. It has a harsh feel due to the
large amount of unaltered volcanic glass and to fragments of
quartz and feldspar.

Plastic and dry properties Sample No. 309

Plastiedby i s e e e s e Good Volume shrinkage........ 20.7% dry volume
Shrinkage Water . ..: ivevsinlinismrsans 15.2% Linear shrinkage......... 7.4% dry length
Pore water..........c.oncvneeannncsnnns 33.4%

Water of plasticity...........ccovvnnnn 48.6%

Fired properties Sample No. 309

| |
('?nll--’ Color Condition L.8.%L | LLS%d.L V.8.9d.v. Abs, A.Por,
—_— = e e ] e
(6 | Bright bufl Weak, soft &5 15.9 23.5 | 10.5 2.3
04 | Bright buff Weak, soft 9.0 16.4 24.8 1%.9 3.9
1 | Bright buff Hard 9.7 17.1 .5 15.0 0.8
#7*| Bright buff Hard 10,4 18.3 .3 14.0 9.0

Renmiarks: Best firing range: 02-6. Cone fusion: 9. Short vitrification
range. Small cracks, cones 04, 1, and 6-7%,

Class of ware: The buff color is so unusually bright that it may be use-
ful with other clays for buff-colored structural wares.

Sample No. 308 came from various scattered places in the
exposure. It is mostly less compact and slightly darker gray
than the preceding sample. A granular, mealy appearance,
from larger component grains, is noticeable. Spherical concre-
tionary bodies up to one-half inch in diameter are abundant in
both samples; they are slightly harder than the surrounding
material but crush easily and are practically the same as the
matrix in composition.

Plastic and dry properties Sample No. 308

R e e e Fair Volume shrinkage........ 12.8% dry volume
Shrinkage Water.......coconesisasssna 9.1%  Linear shrinkage......... 4.5% dry length
o S R e e 3429% Dry condition............ Fair

Water of plastieity...................: 43.3%
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Fired properties Sample No. 308

Cone | Color Condition ‘ L.8.9d.1. "[‘,L.H.‘Tﬂl_l. V.8.9%d.v. Abs. | A.Por.
0 . Bright buff Granular, punky, | ....oo.ee. IRTER ‘.!l'i.l-'_ :x\} v
02 | Bright huff |1':I‘l)1:ltl|l'lr, punky, 7.5 12.0 2.8 25,5 8.0

01-1 | Bright huff G ::IEIIHI‘. punky, 5.0 13.1 2.7 2.7 H.i

S0 ! |

Remarks: Best firing range: 6-7. Cone fusion: 9. Excessive pore
water and fired-shrinkage. A buff color is unusual for clays fusing at this
low cone,

Class of ware: Different treatment may make the clay useful for buff-
colored structural ware,

Shales are exposed in road cuts near Castle Rock but are
mostly quite sandy. About 3 miles due west of town in the
SW1j sec. 8, (9-2 W) a rather pure clay-shale occurs, together
with some coal and much sandstone. Two coal prospects on
the property of A. E. Bingham permit sampling a few of the
beds in this vicinity, but a more thorough prospecting at different
places should be undertaken.

North of the Bingham house about 300 yards a shallow hill-
side opening shows over 3 feet of dark-colored shale above bony
coal. Slumping has confused the bedding so the data on the
sample are merely indicative of the general character of this
interesting shale.

Sample No. 311 is of the dark-gray, nearly black shale. It is
compact but is easily cut by a knife. Muscovite is present in
very fine flakes. The material is highly carbonaceous, very
unctuous, and free from sand. On ignition a strong sulphur odor
is evolved, and an astringent, bitter taste is noted when a frag-
ment is taken between the teeth, thus placing the shale among
the alum types.

Plastic and dry properties Sample No. 311

3 T e o e b e Good Volume shrinkage........ 14.3% dry volume
Shrinkage water..........c..ocuovinnnss 9.0%  Linear shrinkage......... 5.0% dry length
Pora Rty e N s SR 24.9% Dry condition............ Good

Water of plasticlty.....coiiveaisarinas 33.9%

Fired properties Sample No. 311

Cone Color | Conddition LBl T.L8.%d.) V.89ulv. Abs, A.Por.
_m Buff-hrown Wenk, soft 0.2 5.2 0.6 3.8 45.7
06 | Buff-brown Punky, soft 5.5 R.5 10.0 284 4.0
4 | Buff-brown Good, hard 6.0 11.0 164 18.4 2.1
2 | Red-hrown Vitreous, slight 7.8 12.8 21.5 2.3 1.4
sticking, 8 H.
3-4* Red-hrown Bloated slightly, 5.1 10,1 14.0 2.0 4.4
N.H.
#-7* Red-brown Bloated badly, ~7.5 2.5 -20.9 4.0
| R | Budly fused

Remarks: Best firing range: 04-01. Cone fusion: 8. High fired-
shrinkage. Short vitrification range.
Class of ware: Red-brown structural ware.
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An incline about 25 feet long has been sunk on a ledge of

coal which crops out some 200 yards east of the prospect noted
above. This is on the east slope of the ravine occupied by a
small stream locally known as Coal Creek, a tributary of Arkan-
sas Creek. The strata exposed have a strike of N. 20° W. and
dip 28° NE. They consist of bone overlain by two seams of
coal each about 2 feet thick, separated by a 2-foot bed of light
bluish-gray shale with a 3-inch parting of bone. Above the
coal, 6 feet of dark-gray sandy shale is exposed, but the total
thickness of this member is unknown.

Sample No. 312 was taken of the shale overlying the coal. It
is dark gray and compact where unweathered but is yellowish
and soft at the surface. Although sandy, the texture is fine and
quite uniform throughout.

Plastic and dry properties Sample No. 312

ok a eda Cac  SRT TE T L Good  Volume shrinkage........24.87% dry volume
Shrinkage water.........c.ccovevvuvsns 14,39 Linear shrinkage......... 9.09% dry length

TPOTE WALBY. o2 it it i e o ble da v e kT alE 19.3% Linear shrinkage......... 6.8% wetlength

Water of plasticity......civsivivenania 33.6% Dry condition............ Good

Fired properties Sample No. 312

Cone Color [ Condition L.8.Sall (T8 %d.1| V.8 Guly. Abs. . | A.Por.
08 | Buff-irown ! Wenk. =oft ] 10,1 5.3 20,3 3.8
2 | Red-hrown Good, S.H. 0.0 18,00 | 2R 5.8 12.6

#4* Dark red-hrown| Good, S.H., 12.4 21.4 8.7 .2 0.4
vitreous
4 | Brown and Fused, 8 H, 12.5 21.8 .8 2.3 4.0

hlack

Remarks: Best firing range: 04-3. Cone fusion: 6-7. High shrinkage.
Class of ware: Red and brown structural ware.

Massive arkosic sandstone occurring in this vicinity has dis-
integrated to considerable depth owing to the weathering of
cementing material. The residual clay thus formed, together
with surficial deposits of clay derived from weathered shales,
has migrated down slopes and has been worked over by surface
water until its character is greatly changed and its origin
obscured.

Sample No. 342 is from a cellar excavation at the house of
A. E. Bingham. At this place the surface clay has been pen-
etrated to a depth of about 4 feet, but a much greater depth
than this is to be expected. It is a soft, very sandy clay that
ranges in color from a decided blue when freshly exposed to
a light gray when dry.
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Plastic and dry properties Sample No. 342

PIASHCIIN . - ai o e s s i s Good  Volume shrinkage........ 24.8% dry volume
Shrinkage water........cccovvaeviinns 12.6%  Linear shrinkage......... 9.0% dry length
o L e e e P P 2 e 13.8%  Linear shrinkage......... 7.5% wet length
Water of plasticity. c...ocoiverirvirine 264%

Fired properties Sample No. 342

Cone Color Condition LSl T.L8S%L| VS%dv. | Abs A.Por.
el e L = At LT o e e s
(4* Bright buff Weak, soft =357 7.3 5.2 15.0 2.7
(2 | Bright buff Weak, soft 0.4 L | -1.8 4.7 2.2
#  Brown-buff | Good. hard 1.7 T | +a.] 114 22.1
12* Buff-hrown Giood, S.H. 3.7 12.7 10.6 2.0 8.4

Remarks: Best firing range: 2-12. Cone fusion: 23. Weak structure
and expansion at low temperature.

Class of ware: Buff and brown structural ware.

The results of tests of four other samples from this vicinity,
not taken by the writer, are included below. The data add to

the general information on the region, although the exact loca-
tions from which these samples came is unknown.

Sample No. 312-A is buff-colored sandy fine-grained shale.
Stringers of carbonaceous material occur throughout, and the
joints are red with iron stain.

Plastic and dry properties Sample No. 312-A

PR A e e, Volume shrinkage........ 12.3% dry volume
Shrinkage water............. wene TR Linear shrinkage......... 4.3% dry length
Pore water....cccvvavesnnnes I ) . 1 Linear shrinkage......... 4.5% wet length
Water of plasticity DY CONMIUION. o vvinviasrive o vns s Good

Cone Color Condition L.S.91.). [T.1.8.%d.].| V.8.5%d.v. Abs.
€10 | Brown-buff Wenk, soft .1 4.4 0.2 25.5
6 | Lt. red-buff Weak. soft 0.2 4.5 0.5 25.4
M | Lt. red-buft Good, hard 1.5 5.8 4.4 18.3
(1 | Lt. red-brown | Good, hard 7.8 12.1 21.6 10.3
#4*| Red-brown Good, S.H. 12.9 17.2 H.0 11
i | Red-brown Good, S.H. 12.8 16.6 325 0.5
(=7*| Red-brown Vesicular, S.H. 1.8 (98| B, 2.6

Remarks: Best firing range: 04-4. Cone fusion: 18.
Class of ware: Red and brown structural ware.

Sample No. 312-B is a gray to gray-green clay which shows
in some parts a peculiar mottled effect from irregular small black
inclusions. The sample is not uniform throughout but on the
whole is fine-grained and rather free from grit. The greenish
portion has the texture and sheen of a hard, brittle wax, quite
resembling bentonite in appearance. As this clay dries a frost-
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like efflorescence appears on the surface due to the development
of minute white crystals of soluble salts.

Plastic and dry properties Sample No. 312-B

Plasticity ......ccnviieainaes ...Good Volume shrinkage........ 81.3% dry volume
Shrinkage water................ e 45.2% Linear shrinkage......... 33.5% dry length
P OTEIWATET 0 (s warsis 4 vin s min-s 1o aia b ..16.8% Dry condition............ Strong

Water of plasticlty. ... iinmiinin 62.09%

Fired properties Sample No. 312-B

Cone | Color Condition L.S. %L1 "l'.I.,N,‘T’mi.I.I V.5.%d.v. Abs. A Por,
08 | Brown-bufl Cracked, hard 4.0 38.1 | 18.2 16.5 27.3
6 | Brown-buil Much eracked, (i1 40.1 | 18.5 14.0 5.4
02 | Lt. hrown-buff h!:::‘l;'(!raﬂkl'l]. 10,1 45.6 27.4 130 2.2

#1-1 | Lt. brown-huff M:;:-lllld{-rutrkml, 0.7 4.2 28.7 12.3 22.0
.’:--l': Brown-huff MEI‘]I_;EI‘&PJ{P&, 11.8 44.8 30.2 12.2 LT
12% Brown S.H. T4 40.9 20.6 7.8 12.0

Remarks: Best firing range: 07-8. Cone fusion: 15. Shrinkage very
high; cracking.

Class of ware: Brown and buff structural wares if nonplastic material is
added.

Sample No. 312-C is a gray nonuniform sandy clay, some-
what iron stained in part.

Plastic and dry properties Sample No. 312-C

Plasticfty . ..ovcrvrrermmocmmrinnassprse Good Volume shrinkage........ 25.6% dry volume
Shrinkage Water........cosvesrsrranas 13.2% Linear shrinkage......... 9.3% dry length
POTE WRLEE , +.+ issis s sis5pid1nieinaials ais arnhinimisin 16.2% Dry condition............ Good

Water of plasticlty. ... ocvcvmsveanecsae 294%

Fired properties Sample No. 312-C

Cone | Color Condition LSdl T L8.Sudl V.5.%d.y. Abs. A.Por.

(= | Brown-buff Good, hard
| Lt brown-buff | Good, hard
053 | Lt. brown-bufl | Good, hard
(1-1 | Lt. brown-bufl | Good, hard
4-4* Lt. brown-buff | Good, S.H.

&-7*| Brown-buft Good, hard
12* Dark brown Slight fusion,
I s5.H. |

Remarks: Best firing range: 07-10. Cone fusion: 14. Low fired-
shrinkage.
Class of ware: Brown-buff structural ware.
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Sample No. 312-D is a dark-gray very sandy material, prob-
ably a poorly consolidated clayey sandstone or sandy shale.

Plastic and dry properties Sample No. 312-D

12 11510 (| s e s A Sl S o Good Volume shrinkage........ 14.5% dry volume
Shyhilcage water, . ... vove s yndas bawes 8.3% Linear shrinkage......... 3.1% dry length
Pofe: WaleY v sisvsinsisnanan sl 189%  Linear shrinkage......... 4.97% wet length
Water of plasticity........coooveinnnnns 272% Dry conditlon............ Good

Fired properties Sample No, 312-D

1
Cone | Color | Condition LS.l 'I‘.L.H.'?.’».:l.l.| V.8.%d.v. Abs, A.Por.
| | e | tas |
07 | Gray-brown Weak, soft 0.1 5.6 0.5 | 2.5 5.4
(4 | Brown-red | Good, hard 5.0 10.1 14.3 15.9 2.0
14| Dark brown-red| Good, 8.H. 8.5 13.6 2.4 8.9 18,2
4-4* Dark red-brown| Good, S.H. 104 16.0 2.3 3.2 7.3
~7* Brown and Good, S.H. 10.9 16.0 2.3 0.7 1.5
hlack

Remarks: Best firing range: 05-5. Cone fusion: 10.
Class of ware: Brown and red structural wares.

Sample No. 313 was taken one-half mile or so west of the
Bingham property, at the old Red Ash coal mine. The material, a
soft fine-grained clay, bluish gray and yellow in color, is exposed
in the hillside above the mine portal. The apparent abundance
should be verified by further prospecting, as the clay is probably
a weathered surface phase of the underlying shale.

Plastic and dry properties Sample No. 313

PIRSHCIY oiniiansaniasie s amaabhes Good Volume shrinkage........ 46.0% dry volume
Shrinkage Water......is.csessminesons 25.0% Linear shrinkage.......... 18.6% dry length
Pore: Water s o s s e 15.0%
Water of plasticlty......covivvrcneoss 40.07%

Fired properties Sample No. 313

L.8.%d.l. T.L.5.9%d.1| V.8.%d.v. Abs. A.Por.

Cone (olor Condition
I |
07 | Buff-hrown Weak, soft | 0.0 18.6 0.0 | 2.6 35.4
02 | Lt. brown-bufl | Good, bhard 2 20.7 6.8 16.9 20,4

Remarks: High shrinkage. Cone fusion: 20.
Class of ware: Brown-buff structural wares.

Sandy concretionary shales are well exposed in road cuts in
sec. 17 (9-2 W) and were sampled at one place in order to
ascertain the general physical characteristics of such material.
Here the beds have undergone advanced weathering and are
greatly jointed and iron stained. Some strata are rather “fat”,
but these are intercalated with the sandy members and others
of very hard blue sandstone. The strike is S. 20° E., and dip
10° NE.
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Sample No. 310 includes a general mixture, only eliminating

the concretionary or sandstone layers. The fragments range in
color from buff to reddish brown and their texture is nonuni-
form but mostly coarse and very sandy.

Plastic and dry properties Sample No. 310
Plasticity «.q:vvivsie S ala s e iy MR Weak Dry condition.........cooenivuivaranes Weak

Fired properties Sample No. 310

Cone Color Condition L.8.%d.). |T.1.8.%d.1.| V.8.%l.v. Abs, A.Por.
07 ‘ Bright Weak, very soft 7y | 10.5 4.7 46.4
| brown-red
02 | Bright Weak, soft B85 [ mwsine 0.4 27.6 38.5

hrown red

Remarks: Short vitrification range. Cone fusion: 6-.
Class of ware: Possible red and brown structural wares.

Cowlitz clay mine.—The Cowlitz clay mine of Gladding,
McBean & Co. is in a newly discovered series of exceptionally
high quality clay-shales that occurs 7 miles northeast of Castle
Rock at approximately the center of the N14N15 sec. 20, (10-
1 W). The beds, when in their normal condition, are so deeply
weathered and stained at the outcrop that there is little to indi-
cate their presence, but they were found when an exposure of
white calcined material, resistant to weathering, was inves-
tigated. The mined clays are shipped to the Renton plant of
the company, where they are used for refractories.

Section at Cowlitz clay mine ©

Ft. in,

134 Soil dand Wealhersd (CTaY ..o v s samsria s s 8
12; Clay ‘and'carbonaceaus Clay: ¢ . .. s oiivios e ssieima s 8 e
I B Pastie el O o A e s A e e et e e ey e 2 10
10. Carbonaceous’clay and sand........ .o ovvenvincenanns 1 1
9. Yellowish clay (fuses at cone 31)......... c.coivinvnn 2 1
8. Gray clay (fuses at cones 33-34)........0c0vivanvann 3 6
7. Gray clay, irregularly iron stained and containing

segregations of iron oxide.... ... ... s emsiseseeye 2 i
6. Gray clay (fusesatcone 34F)........cccivivininaviens 1 T
Bi WOOAY dEENIte 1 s rasiois < bsiaiess Gisirinle s i rsl e Easpeshiese: e 3
4, Gray clay (fuses at cone 34+).....ccvvivvivnrnrnenns 3 3
3. Woady ligntte! o i i e en e st e nasietars 5 -
2. Light bluish gray clay containing pellets of volcanic ash

ATTOL SO s_TAOEITE 0 L e e ity aate trafensy LINRL R, 9 6

1. Slightly consolidated stratum of boulders and gravel....40+

) From the results of prospecting by Gladding, McBean & Co., through the courtesy
of Mr. W. E. Lemley.
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This almost flat-lying clay series occurs near the top of a
prominent hill or ridge that rises several hundred feet and
forms the north side of the Toutle Valley at this place. The

ridge is capped with a thick flow of basalt, and slumped blocks
of this rock have partly disintegrated and lie as huge boulders
on the hillside. The thickness of the basalt is not known, though
it is probably well over 50 feet, and the contact with the under-
lying sediments is concealed. Separating the basalt and the top
bed (No. 13) of the measured section is an undetermined thick-
ness, possibly 20 feet or more, of unprospected shales or clays,
some beds of which are much more consolidated than the lower
strata, if fragments in the soil cover are any indication.

The clays so far exposed do not have any shaly structure and
are only slightly more consolidated than, for instance, the

soft, plastic glacial clays of the Puget Sound region. They are
very “fat”, mostly low in sand (if not free from it), and show

a high, waxy sheen on cut surfaces. The associated carbon-
aceous material is black but soft and quickly disintegrates to
laminated, woody-appearing fragments upon exposure. Aside
from minute lenses and flakes of coaly matter irregularly dis-
seminated through the clays (particularly bed No. 4) the main
impurities are streaks and segregations of limonite and some
discontinuous layers of bog iron in bed No. 7, rounded pellets
of white very fine-grained volcanic ash in bed No. 2, and small
segregations of siderite sand also in bed No. 2.

A ravine is in the series at the clay mine. East of this the
beds are being opened by two tunnels from which the clays will
be stoped by coal-mining methods. An upper drift trends east-
ward in beds No. 4, 5, 6, and part of 7; a lower one trends north-
east in beds No. 2, 3, and 4. Bed No. 2 will probably not be
mined, as the siderite grains and segregations, together with the
ash pellets (fusing at a moderate temperature to a white
enamel), lower the fusion point of a material which, where pure,
has a cone fusion as high as 35.

On the west side of the ravine the clays have been naturally
calcined by the burning out of the associated lignite. Beds No.
4 to 8 are well exposed in a quarry face that has been cut here
and from which the material will be mined. They are also
exposed by tunnels; a main drift trends northwestward for 90
feet; 40 feet from the portal a branch extends at right angles for
60 feet to the northeast and another for 40 feet to the southwest.
Some 300 tons of calcined clay has been mined from the south-
west branch, and a 10-foot face developed.

The calcined clay is remarkably uniform in appearance.
Though iron stained, particularly along joints, for some dis-
tance below the surface, the underground material is mostly
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very light gray to pure white. It has undergone incipient fusion,
so a brittle, almost steel-hard body has resulted. This is still
very porous, and the original shrinkage is reduced only about
50 percent. The material is easily mined, as the greatly jointed
and fractured rock tends to “run” as soon as openings are made
in it.

Interesting variations in the calcined clay are caused by small
amounts of impurities in parts of the beds. Thus a pinkish-
colored rock has been produced in places, and, as its vitrification
is more advanced, the body is harder and less porous. A still
more dense body with a markedly conchoidal fracture and dark
blue-gray color shows the effect of decidedly reducing conditions
on a somewhat impure clay. The original position of the lignite
beds is shown by layers of light-gray loose flinty ash throughout
the workings, though incomplete combustion and possibly a
termination of combustion to the northeast is indicated by
unburned gray clay in the face of that branch drift.

This series is possibly a part of the widespread Eocene sedi-
ments and intercalated basalt flows of the region. The beds,
however, greatly resemble Pleistocene sediments, owing to (1)
the slight consolidation of the underlying gravel stratum, (2)
the very slight induration of the clays and their ready slaking in
water, (3) the presence of bog iron usually associated with lacus-
trine clays, (4) the woody character of the lignite, and (5) the
nearly horizontal structure. Definite correlation must await
further study, but it does not appear reasonable to consider the
overlying basalt of Pleistocene age, the peculiarities of the
sediments being explained, probably, by the very slight diastro-
phism the strata have undergone as compared to coal measures
elsewhere.

Prospecting for continuations of the series should be rel-
atively easy, as the various beds are concordant. The overlying
basalt forms conspicuous outcrops; the underlying bouldery
gravels show through the surface soils in some places; and be-
tween them are the refractory clays. It would not be expected
that materials of such purity would have any great lateral extent,
as their very nature presupposes a rather local basin of sedi-
mentation and freedom from contamination with the more usual
coal-measure sediments. It is known, however, that the presence
of the same or similar clays is indicated below the basalt at
various places around this ridge and for several miles to the
north near the Salmon River of Lewis County.

A large basaltic area lies between Castle Rock and Vader and
is traversed for several miles by the county roads and railways.
Unaltered rock crops out on hillsides and in many road cuts,
but a residual material from the rock decay occurs to great thick-
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ness on the uplands. A road from Castle Rock to Olequa, lying
above the railroad on the west side of the Cowlitz River, is cut
through the clay, and the many excavations show the uniform
character and great extent of this decomposition product.

Sample No. 341 was taken about 2 miles south of Olequa on
the west-bank road where the clay is exposed for 75 feet to a
height of about 6 feet. In color, the clay ranges from deep brown
to reddish brown, depending on the moisture and iron oxide
content. The inclusion of mineral grains less completely altered
to clay than the rest of the mass gives a slightly harsh texture
to the dry clay, but on the whole the material is smooth and
fine-grained. Irregular minute holes traverse the more com-
pact phases, as they do in the Ridgefield clay of Clark County
and the eastern Washington Palouse clay. Lining these holes
and forming a binder for the variously altered mineral grains is
an abundance of the brown waxy beidellite-nontronite mineral

that gives the almost gelatinous appearance under low-power
magnification so commonly observed in such clays.

Plastic and dry properties Sample No. 341

Plagtictly: it Sticky but crumbly Volume shrinkage........ 47.6% dry volume
Shrinkage water............cccenvsnurs 26.2% Linear shrinkage.........194% dry length
P oo T L L e EOR B E e o R 18.6%
Water of plasticity. ....overracveraness 44 8%

Fired properties Sample No, 341

|

Cone Color Condition I L.8.%d.l T.L.S.%d.). V.8.9%d.v. Abs, A.Por.

0%  Lt. red-brown | Weak, soft b | 2.5 8.9 22,0 3.8

(4* Red-brown Small 7.1 2.5 19.9 12.3 4.6
cracks, hard

02 | Red-brown Small B.2 2.6 2.7 10.9 3.1
eracks, hard

6 Red-brown, Small 0.1 25.0 25.1 10,4 23.4
hack specks eracks, S.H. -

10 Red-brown Small 11.1 0.5 2.6 0.2 0.4
and purple- cracks, S.H.

black

Remarks: Best firing range: 06-11. Cone fusion: 16-17. Too much
plastic material and yet weak plastic strength. High shrinkage and cracking.
Class of ware: Red and brown structural wares, with proper treatment.

Pleistocene and Recent clays of alluvial origin occur in many
scattered localities in the county but have not been prospected.
So far as known, they are red firing; but, from the presence of
buff-firing clays of similar age and formation in adjoining coun-
ties, it would be expected that some might burn to a light-
colored product. Possible occurences would be in the old
benches and terraces just back from the Columbia River in the
western part of the county and also to the north among the
interbedded clays of the basalt area.
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Dromore Pottery.—The Dromore Pottery is on Highway No.
99 just north of Kalama. The clay used is from the A. B. pit,
Stevens County, and is obtained by truck from clay shipments

sent to Portland, Oregon, by railroad. - The clay is hand washed,
screened through 60 mesh, allowed to dry to proper plasticity,
and aged. The ware, ornamental pottery. is formed by kick-
wheel and by casting, dried in the open air, and fired in two
kerosene-fired up-draft square kilns of 36-inch inside dimen-
sions. Glazes are mixed in a pebble mill and applied after the
usual preliminary “biscuit” firing.

DOUGLAS COUNTY

Douglas County is in the central part of the State and has an
area of 1,787 square miles. It is a rolling plain and plateau
region flanked on the west by the lower Cascades and on the
north by the Okanogan Highlands. The bedrock of the county
is basalt except in a few places where the Columbia River and
a few short tributaries have eroded through to underlying older
rock. The northern part of the county is mantled with glacial
drift and surficial deposits that are mostly gravelly and of little
value for clay materials. South of that area the surface is
sandy loess, probably with some residual basaltic clay, and,
rather generally, can supply a material suitable for common
red-fired structural ware. A brick yard operated at one time
at Waterville on this sandy clay.

Near the Columbia River, across from Wenatchee, erosion
has cut through the basalt to the Swauk formation, exposing a
small area of sandstones and very high-grade refractory shales.
These beds are a part of the extensive series occurring in Chelan
County which is more fully described under that county head-
ing. The Douglas County beds are best exposed about 400 feet
above the river near the foot of the steep bluffs in the SE14NW14
sec. 23, (23-20 E). Occasional outcrops extend for about 114
miles to the south and, concealed beneath the glacial sediments,
the Swauk formation may underlie much of the broken bench
land west of the basalt cliffs almost as far south as Rock Island.

The contact of the series with the underlying biotite gneiss
is well exposed in the NEV,NW1; sec. 23, (23-20 N). From
there the Swauk rocks thin out to the north and the outcrops are
only remnants left high on the bluffs of metamorphic rock. Some
600 feet south of the first large gneiss outcrops is an abandoned
quarry-pit, 40 feet in diameter, whose 25-foot face exposes both
the Swauk sandstone and the underlying gneiss. The sand-
stone is broken and disintegrated; the gneiss, decomposed and
kaolinized. Intruding the gneiss, irregularly expanding at the
contact, and cutting a short distance into the sandstone is an
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intrusive material probably on the order of rhyolite. Some of
this is merely disintegrated and is composed of quartz, par-
tially altered feldspar, and a small amount of muscovite; much
of it, however, is decomposed, probably hydrothermally altered,
to a bluish-green sericite and the white, kaolin mineral, halloy-
site. The latter when damp is waxlike, though but slightly
plastic; when dry it is hard, brittle, and has the color and texture
of unglazed porcelain. It appears to be a further alteration of
the mica and occurs between the quartz grains in the body of the
rock and as rather pure segregations and veins as much as 2
inches thick.

Another old pit was opened 100 feet to the south. This shows
rock relations similar to the first and, as well, a 1- to 3-foot quartz

vein, with subordinate feldspar entirely altered to kaolinite, that
cuts through the gneiss and for 6 feet into the sandstone before
it lenses out.

South of these pits for 800 feet are excellent exposures of the
near-basal sedimentary beds. The structure varies somewhat,

and 1t 1s probable that there has been some dislocation through
slumping or, possibly, faulting; in general, however, the strike
is parallel to the bluff (N. to N. 10° E.) and the dip is about 10°
easterly or into the hill. A stratigraphic thickness of about 100
feet is exposed here and in cuts along a county road running
east through the center of section 13; higher beds are concealed
by Pleistocene silts, sands, and gravels. The members are mod-
erately well indurated shales and sandstones, mostly buff and
gray but in places showing unusual variations of color from
blood-red to delicate lavender.

Several of the argillaceous strata are light firing and more
or less refractory; while one of the lowest beds exposed, a
member 22 feet thick, is of exceptional quality and has been
extensively mined. Though somewhat laminated at the out-
crop, this lower bed has but little shaly structure underground;
it is a hard smooth bluish-gray claystone, very “fat” and waxy.
Parts of the bed, particularly in the upper half, are carbonaceous,
dark gray and brown in color and contain numerous leaf im-
prints. Also in these portions is considerable coaly matter,
ranging in quantity from minute layers and lenses to occasional
segregations of black blocky coal as much as 2 feet thick. The
bed, near the tunnel portal, is all a No. 1 fire clay, but farther
in the hill the upper 12 feet is less pure, contains scattered coarse
angular sand grains, and ranks as a No. 2 refractory. The lower
10 feet remains of very high quality, however; it has an average
cone fusion of 34, and some parts, not commercial in quantity,
reach cone 35.

Wenatchee clay mine.—Rather extensive mining has been
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carried on here by Gladding, McBean & Co. for a number of

years. Part of the time the lower refractory shale was quar-
ried along a 550-foot face. This work became increasingly diffi-
cult as the face, now 40 feet high in places, exposed more and
more of the upper, unwanted beds. To overcome this, a drift
was driven in a S. 86° E. direction for 150 feet into the hill. This
forms a main haulageway, and the bed has been mined by rooms
and pillars extending both to the north and south. The under-
ground work is not free from trouble, however; to mine the
whole bed requires a 22-foot roof, and this, naturally, is hard
to hold and requires close timbering. Much of the clay to the
south has been lost through caving, and it is probable that drifts
to the north shortly will be terminated by a small fault that may
necessitate driving a new entry.

The company operates the property about 30 weeks per year,
shipping one car (25 tons) per day of the No. 1 or No. 2 fire clay
and occasionally a car of soft clayey arkose, called “Wenatchee
sandy”, that overlies the shale stratum. All are used at Renton
for refractories, the “sandy” being useful to counteract the high
shrinkage of some clays and to give a more porous, open body.

FERRY COUNTY

Ferry County is in the northeastern part of the State and
has an area of 2,220 square miles. The region is a part of the
mountainous Okanogan Highlands, and many different forma-
tions are present. Some of the rocks are metamorphic varieties
such as slate, quartzite, and schist and would not be expected to
produce useful clay materials either in their original form or
upon decomposition. But other very extensive formations are
composed of granite and related rocks that could be a source of
excellent clays. That no high-grade clays have been found in
the county may be due to their rapid removal by erosion in this
area of considerable relief, or it may be because the interest of
prospectors is in metallic rather than nonmetallic minerals.

In the vicinity of Republic is an area several square miles
in extent of Tertiary lacustrine sediments. These are spoken
of by Umpleby® as being buff to grayish-brown finely laminated
sandstones, shales, and tuffs, of predominantly fine grain. The
shale is largely tuffaceous, and this lowers its value for ceramic
use by making the flux content excessive and also making the
material red firing.

A brick yard operated at one time near Republic on a scant
deposit of yellowish-gray clay which occurs about 3 miles west
of town. A very good grade of common brick was made.

@) Umpleby, Joseph B., Geology and ore deposits of Republic mining district: Wash-
ington Geol. Survey Bull. 1, p. 24, 1910,
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The rock around Republic has been considerably faulted, and
“fault gouge” is commonly encountered in the mines of the
district. This is a gritty clay, sometimes called “tale” by miners,
that is formed by the decomposition and, in some places, the
hydrothermal alteration of the crushed rock of brecciated zones.
The material was investigated, not because of possible economic
value, but rather to ascertain the physical properties of an
unusual clay type. A sample was taken in the Quilp mine, one
of the many gold properties of the Republic mining district, at
a place on the 100-foot level 90 feet north of the old Quilp shaft.
Here, a kaolinized shear zone in andesite is from 4 to 5 feet wide
and dips 55° NE. to an unknown depth below the surface.

Sample No. 151, of the gouge, is light blue when damp and
fresh but dries to a very light greenish gray. The groundmass is
a very fine unctuous material composed of sericite and kaolin,
but lumps of the clay are harsh from included angular frag-
ments of rock which have only been partly altered. Crystals of
secondary pyrite are disseminated throughout.

Plastic and dry properties Sample No. 151

PlstiCitY o nii s haa ey e b e Good Volume shrinkage........ 55.09% dry volume
Shrinkage water..............c.ccouvunn 33.5%  Linear shrinkage.........225% dry length
POVE I WRTEE. e L L e b b 14.5%

Water of plasticity.........covviiuennn 48.0%

Fired properties Sample No. 151

Cone Color Condition L.8.%d.]. [T.1.8.9%d.l.| V.B.0d.v. Abs, A.Por.
5 | Buff-brown Bad seum, S.H.- 5.6 28.1 15.8 0.4 18.5
05 | Red-brown Good, S H. sy 0= 1 Ul i, [T 0 L 1.5 9.2
44* Dark buff- Badly awelled, | iiiiiiEii et e 19.5 2.9
hrown S H.
i | Gray-brown Badly swelled, -24.5 2. e, 0 10.0 10.0

Remarks: Best firing range: 08-02. Cone fusion: 8. (Sample was washed
before testing.) 58% residue on a 200-mesh sieve.
Class of ware: Possible red and brown structural wares if not washed.

During Pleistocene time a considerable thickness of glacial
sediment was deposited in Ferry County. The silts that occur in
terraces along the larger rivers are chiefly composed of rock
flour formed by the grinding action of the ice, but some contain a
high percentage of volcanic dust.

Sample No. 150 was taken from a railroad cut on the Great
Northern Railway just south of Rockecut and is representative of
silts occurring at many places along the Kettle River as far as
Laurier. This deposit extends along the track to a height indi-
cative of an immense amount of material. It is gray in color and
not as fine as the silts occurring farther south. The deposit is
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stratified, and many small concretions are present. Under a

microscope the sample shows angular fragments of quartz and
feldspar, a small amount of femic minerals, and a low percentage
of voleanic dust. Very little actual clay substance is present.

Plastic and dry properties Sample No. 150

BT 1 L e e Very weak  Volume shrinkage,........ 9.9% dry volume
Shrinkage water.........c.coevuranennn 6.19% Linear shrinkage......... 3.4% dry length
| 5D s o R e e 20.1% Dry condition............ Weak, sandlike
Water of PIastioity ... wcrs ionessserae 26.2%

Fired properties Sample No. 150

Cone Color Condition LS %d.l. [T.L8.%d.].| V.5.9d.v. Abs, A Por.

08 ' FAlstoDeWaANT | :arss s b s i Fos s s T by s e e e wee e e e e i

2 | Brown Near fusion, fi.1 4.5 17.1 12.2 21.9
hard |

6-7* Brown-blaek Fased, T Ty e fas e s | 0.9 2.0
vesieular, S.H.

Remarks: Best firing range: 04-03. Cone fusion: 2. Weak plastic and
dry strength: slow to develop fired strength; very short vitrification range.
Class of ware: Slip clay.

FRANKLIN COUNTY

Franklin County lies between the Snake and Columbia riv-
ers at their junction, in the southeastern part of the State. It
has an area of 1,206 square miles, including plains, broad rolling
hills, and steep-walled coulees. Columbia River basalt is the
bedrock of the county, but overlying it in many places and
covering a considerable area are sediments of the Ringold forma-
tion. Overlying these and forming the surficial deposits of the
county are eolian sands, silts, and silty clays. The clay content
of the surface materials is decidedly variable from place to place
but, in general, is higher in the northern part of the county. The
widespread, and in places, thick deposits of yellowish-brown
silty surface clays are less plastic than the clays of regions
farther east, but they may be used for common brick and tile.
They have properties similar to the Palouse clays and are the
usual sandy western phase of those clays.

The Ringold beds, because of their striking light color, have
received some mention as possible ceramic materials, and reports
are current of high-grade clays occurring in the formation. For
this reason they were examined in considerable detail, but the
results obtained failed to bear out the various stories. They
are excellently exposed on the east side of the Columbia River
from Wahluke to within 12 miles or so of Pasco, a distance of
nearly 30 miles. In this area of the type section the strata are
known as the White Bluffs, from their general light color. The
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exposure has resulted from the river cutting into the horizontal
lacustrine sediments to a depth of more than 500 feet. The beds
continue several miles eastward from the Columbia, but thin
out as the underlying basalt attains greater elevation. They
extend west of the river, but most of that part in Benton County
has been removed by the Columbia during a time when it was
cutting to the west of its present channel.

Early writers correlated this spectacular series with the
Ellensburg formation, but Merriam and Buwalda®, on paleon-
tologic evidence, give the age as late Pliocene or Pleistocene,
show it to be distinct from the older Ellenshurg, and suggest the
name Ringold for the formation. The series is made up mostly
of fine-grained sands, silts, and clays, though it does contain
some coarse gravel. Mechanically formed material is far in
excess of decomposition products, and the silts and clays include
large amounts of volcanic dust; so little, if any, high-grade clay
is present. Individual beds stand out prominently when viewed
from a distance and may be traced a long way on the face of the
bluffs; but when a near examination is made the line of demar-
cation between strata is indistinet, and sections measured at

points 2 or more miles apart may not check except in a most
general manner.

A traverse made from the SE14SE!} sec. 33, (13-28 E) to the
top of the bluffs in the NW14 of the same section provided the
following stratigraphic section:

Section near Hanford

Feet
Eeoge: gran= claveye sandirrmmmislilm Sl i i L e e bt L 25
1t T L= e T e o Lo i e B 3
Light-buff clay. Contains some ash and fine sandy clay. (Sample No.
L o e B B b el 5
Reddisi=hroWHANEANA. S A w5 b s el b s bt e 6
Yellow: clayey Sandstone: TOOSE | v s tr e el e sl i i 5 s e e arars 75
Nearly white thin-bedded voleanic ash. ..............ccoviiiivinnnnn. 15
Sand. Contains resistant iron-stained layers........................... 50
Thin-bedded light-gray to yellow sand. ...........oviiiniiinseinnnnans 30
Gray clayey siliN(Sample Mol TIFDY . - .. oo i e s e o ot o oo whe s (are 50
Sand and silt, including some gravel..........cooiiieinieinnniianans 100
Covered by reworked material of old river bench...................... 75
504
Water level

(@ Merriam, J. C., and Buwalda, J. P., Age of strata referred to the Ellensburg forma-
tion in the White Bluffs of the Columbia River: Univ. of California Publications, Bull.
of the Dept. of Geol. vol. 10, no. 15, 1917.
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Certain of the above beds are better consolidated than the
rest and stand out in vertical faces, but most of the material is
not very compact and so slumps easily. If it were not for the
aridity of the region the cliffs could not stand long.

Sample No. 11-D was taken from a 50-foot bed of gray clayey
silt. It is very fine-grained and free from sand and has consoli-
dated into a rather compact bed.

Plastic and dry properties Sample No. 11-D

PUAEHICINY Vaiasiainaw e s sl siatnanm s e A vie Fair Volume shrinkage........ 19.6% dry volume
Shrinkage Water. .. i ccuisiviessiass 132%  Linear shrinkage........... 7.1% dry length
POre SR LT o e i ard g i 28.6%  Linear shrinkage........... 7.1% wet length
Water of plagticlty. ... .. oaiiiiic o 41.8%

Fired properties Sample No. 11-D

Cone Color Condition ‘ L.B.%d.l T L5.9.L| V.B.9d.v, Abs. A.Por.

08 | Buff-red Fair, soft
04 | Lt. bufl-brown| Good, hard
03 | Lt, red-brown | Good, hard
01 { Dark red-brown| Near
vitreous, 8, H.

Remarks: Best firing range: 04-01. Cone fusion: 6. High shrinkage,
poor plastic and dry properties; short firing range.

Sample No. 11-A, from a 75-foot bed of light-buff clay, is also
very fine-grained but contains considerable volcanic dust.

Plastic and dry properties Sample No. 11-A

15 12 Dot ey S L T 3= B NS e e Good Volume shrinkage........ 26.29 dry volume
Shrinkage Water........c...ovevesionns 16.1% Linear shrinkage......... 9.6% dry length
T RN L v o o e a4 e e ot e 22.7% Linear shrinkage......... 6.5% wet length

Water of plasticity.....i.oveisnsivemess 38.8% Dry condition............ Porous, weak

Fired properties Sample No. 11-A

Cone| Color Condition LS.dl T.L.8.%d.1. V.5.9d.v. Abs. A.For.
S S P N o S | ESSSNS o S i | ST e E W || NSRS, o S MO, —_— ——
|
010 | Buff-brown Weak, very L%} 10.4 2.5 2.3 LT
soft
07 | Red-buil Good, light 3.4 13.0 0.8 0.1 3.5
scum, hard
03 | Dark red-brown| Good, B.H. | ..iciiviaiiecliaiidvsivans B e e L2 6.2
02 | Dark red-brown| Seum; near 14.5 241 37.5 0.0 0.0
vitreous, 5.H.

Remarks: Best firing range: 07-02. Cone fusion: 6.
Class of ware: Common red-brown structural wares by the addition of
non-plastic material to reduce high shrinkage.

A traverse was made from a point just north of the old
Ringold School, at about the center of sec. 14, (14-28 E) up a
coulee to the top of the bluffs, following a general N. 65° E. direc-
tion. The material here, although similar, is more affected by
weathering than that of the preceding location; hence outcrops
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do not show as prominently, and dependable measurements and
determinations are more difficult to obtain.

Section near Ringold Feet
DIararrcH F T o o= ) B S ey B0 6 (RS R S S e P P el S, e 75
Alternate strata of loose and very resistant coarse calcareous sandstone.. 25
Light-buff clayey silt; very fine, even textured, in part sandy and con-

taining voleanic ash. (Sample No. 12-D) . ..o 75
Light yellowish-gray clay; thin-bedded. (Sample No. 12-B) . ............ 15
Light-gray unconsolidated micaceous sand. Contains resistant iron-

b T B e o A LR S 50
Light-buff fine thin-bedded sandy clay and ash......................... 50
Alternate strata of greenish clay, sand, sandstone, and gravel with pebbles

o L e T A A el P el L S e 50
Dark greenish-gray smooth clay. Some sandstone partings included. . ... 15
Dark greenish-gray clay; smooth and fine. (Sample No. 12-A).......... 12
Fine-grained ash, in part calcareous and resistant; bedding distinct. ..... 15
Concealed by slide materials . oo . . oo fimteaiss o s atas e s e iieia e 80
Covered by reworked material of old river bench...................... 55

517

Water level

Sample No. 12-A was taken from the 12-foot bed mentioned
in the above stratigraphic section and was the best-appearing
clay seen in the writer's examination of the White Bluffs, yet
it proved unsatisfactory for ceramic use. Allowing for the few
sandstone partings in the overlying bed, there is a thickness of
about 25 feet of this clay that is very uniform in color and tex-
ture. It is gray with a slightly greenish tone and is quite dark
when fresh. It is soft and has a smooth, waxlike feel but con-
tains a small amount of grit.

Remarks: Only a fair plasticity was developed with 66.3 percent tem-
pering water. Cracking and high shrinkage render the clay unfit for com-
mercial use alone. The cone fusion is cone 6-7, and the fired color is a
red-brown.

Sample No. 12-B, from a stratum 10 to 20 feet in thickness,
is a very light yellowish-gray clay that is nearly white when
dry. Itis free from grit and fairly smooth but probably contains
volcanic dust in a very finely divided state. The material is
excellently bedded and is compact enough to break in great
blocks showing smooth fractures.

Remarks: The plastic strength is poor. High shrinkage combined with
cracking renders the sample, alone, unfit for commercial ware. The cone
fusion is 7, and the fired color is red-brown.

Sample No. 12-D from a 75-foot stratum is a very fine even-
textured clayey silt that is light buff in color and weathers to
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gray. The material is thin-bedded and contains sandy portions
and some ash.

Plastic and dry properties Sample No. 12-D

PLasteiEY . . oo oo smvmmmames e Fair, crumbly  Volume shrinkage........ 17.0% dry volume
Shrinkage water.........icoveeiansass 10.6% Linear shrinkage......... 6.0% dry length
j Sles Wl b ) e S R S e 23.4% Linear shrinkage......... 7.1% wet length
Water of plasticity........ ..o iiiais 34.0% Dry condition............ Porous, weak

Fired properties Sample No. 12-D

| |

Cone Color Condition L.8.%d.) |T.L.8.%d.L| V.8.5.d.v. Abs. | A.Por.
016G | Buff brown Weak, seam, 0.0 .0 0.0 5.7 ‘ 48,5
| very soft
07 | Red-buft Weak, seum, soft 1.0 7.0 8.1 o0 | 5
04 | Red-bufr Good, Seam U HATAL . . st e s easa b | vee v arrrene 17.5
13.0 16.0 H.2 4.2 0.6

02 Good, senm, 8.H.

Vitreous, 8.H.

| Dark red-brown
5% Dark red-hrown

Remarks: Best firing range: 03-2. Cone fusion: 5-6. High shrinkage,
rapid change after cone 07, poor plastic and dry properties.

About 35 miles south of the Ringold School on the line
between T. 11 and 12 N., R. 28 E., the river has cut into the
east bank, exposing the lower beds of the series which are in
most other places concealed by old river benches and colluvial
materials. This lower part is made up of alternate beds of coarse
well-rounded and flattened gravels and poorly assorted sands.
The member exposed at water level is over 40 feet in thickness
and is composed of gravel averaging about 3 inches in diameter
(maximum 12 inches), in a matrix of clayey sand. For the first
100 feet the materials are greatly iron stained, and this, with
the concretionary sandstone layers and the general coarse char-
acter of the sediments, offers a striking contrast to the strata
of higher elevation making up the bulk of the White Bluff series.

Sample No. 14-B was taken from a 10-foot stratum exposed
in a coulee in the S sec. 1, (11-28 E) at an elevation of about
130 feet above the Columbia. It is a soft greenish-gray clay
practically identical with sample No. 12-A, perviously noted.
At this point the clay is immediately overlain by a 10-foot bed
of very compact light-gray ash, above which are 300 feet of silts
and sands. Below the clay sampled lies a sandy gray clay that
grades in 30 feet through clayey sand to pure sand. Gravels
and red sands form the outcrops from that point down the
coulee to the river.

Plastic and dry properties Sample No. 14-B

PIRBIICIAN (oins slis sias s ciea = im s prota s T Torvseve' Sticky Volume shrinkage........ 86.2% dry volume
Shrinkage Water. .. .. iasanisvamrsns 42.5% Linear shrinkage......... 35.2% dry length
P OTR R, 177 s s s s win il e s e ala ey 12.8% Linear shrinkage......... 12.5% wet length

Water of plagtieity. . ... i 54.8% Dry condition............ Cracked badly
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Fired properties Sample No. 14-B

Cone Color Condition L.8 %od.L. !T.l..!‘i_%ll.l.' V.5.9%d.v. Abs, | A.Por.
.i.. — - Pt S— e R e i 1T
07 | Buff-brown Badly eracked, 5.8 40.5 15.1 0.7 18,6
S.H.-

3 | Red-brown Badly eracked, 8.0 3.2 2.1 1.2 2.7
vitreous, no | |
fusion. S.H. | [
|

Remarks: Best firing range: 08-02. Cone fusion: 9. High shrinkage,
cracking.

Class of ware: Alone, it is unfit for commercial wares.

In utilizing individual beds of the White Bluff clays, recourse
would eventually be necessary to underground mining methods,
although for a time a large tonnage could be secured from some
of the members by quarrying the outcrops. As the beds are very
thick a great amount of material could be easily handled by a
series of drifts and stopes. With a high-grade clay the expense
of operating and of bringing needed timber for this work into

the region would not be prohibitive, but the common clays that
do exist here would not warrant such treatment.

GARFIELD COUNTY

Garfield County is in the southeastern part of the State,
south of the Snake River, and has an area of 694 square miles.
High rolling plateau country borders the Snake River on the
north and merges into the Blue Mountains on the south. The
river, in one place, has eroded through 2,000 feet of Columbia
River lava and has exposed underlying granite, but nearly
everywhere else basalt forms the bedrock of the county. Eolian
deposits of red-firing clay together with some residual materials,
all classified under the general term Palouse clay, overlie the
basalt and form deposits which in most places are very thick.
Quite generally, such material is suitable for ordinary brick and
tile. So far, however, the only use made of local clays was in
a small yard, operated at one time at Pomeroy. This was a
grayer, more silty clay than is usual and probably the bed was
of Recent alluvial origin.

GRANT COUNTY

Grant County, with an area of 2,720 square miles, is a semi-
arid region of plains and rolling hills in the central part of the
State. The conditions here, bearing on clay resources, are very
similar to those of Franklin County. The bedrock basalt is
exposed in many coulees and scabland areas, but is mostly
covered by a variable mantle of silty eolian material. Gravels
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occur over a small area in the north-central part, and there the
finer surface deposits are predominantly sandy.

Large deposits of diatomite occur south of Quincy and have
associated with them some smooth light-gray to greenish-gray
clays. Such clays no doubt will be found in greater abundance
as the diatomite beds are more fully developed, but they have
no particular value for ceramic ware, as they are red-firing and
have high shrinkage. Similar clays, occurring above the diat-
omite of Squaw Creek, Kittitas County, were tested and the
results are given on page 166.

As in Franklin County, great thicknesses of well-stratified
sediments overlie the basalt in some places. These beds are
excellently exposed along the Chicago, Milwaukee, St. Paul &
Pacific Railway at the foot of the Saddle Mountains, in the
southern part of the county. The basalt, here, forms a great
escarpment that rises precipitously to a height of 2,000 feet
above the coulee floor of Crab Creek. For several miles in the
vicinity of Corfu and of Taunton, Adams County, erosional rem-
nants of a one-time very extensive sedimentary series show on
the mountain side. That the beds are correlatives of the Ringold
formation of White Bluffs is indicated by the lithology and
general relations. The following section was measured one-half
mile west of Corfu where the strata were particularly well
exposed. The strike here is S. 70° E., with a dip of 5°-10° NE.;
however, the variation from the horizontal may be due to pos-
sible landslip.

Section near Corfu

Feet
Sandy, consn: surface mRTETIAL, | oo sz asmisie i s s e 5-10
Conglomerate; subangular basalt cobbles with calcareous cement....... 15
Unconformity
Even-grained buff-colored silt. (Sample No. 1)............c0vrnnnn.. 30
FEF 510 [ o s 21 0 Lo B3 e s L R DU A AT PO S PP A B o P A e AR 2
Fine loose conglomerate and loose sandstone. ...............covuiennn. 6-12
Brownish-yellow sandy clay; uneven texture......................... 5
Buff-colore@ 8l Bs - aBOVeS i s s e s saliis et % a5 et ATt st e el 6
(9555 (o4 (o) (08 ol = 0 PN TR S B N W, | A0 T e 10
Dark-green fine-grained clay (Sample No. 2), containing calcareous
concretions and a 1-foot parting of ash.............. ... .ol 4
Buff-colored fine thin-bedded clayey sandstone....................... 25
Very coarse gray, green, and red sandstone, grading into conglomerate
= L e o o S S N S e B T n A T Y O et i (o) 10
Alternate strata of light-buff and gray clayey sand and sandy clay...... 20
Basall to railroad Araek . ahomt. o e s s et st sla fa it s e ) v 280
Basalt to vallev Hoor; aboUl. « i e e e nss s als sras sl stes ks sisieie 80

(Approximate) 500
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Sample No. 1, from a 30-foot bed near the top of the section,
is a fine-grained buff-colored compact silt of very even texture.

It contains a large amount of very finely divided muscovite, and,
from its low specific gravity, no doubt considerable volcanic
dust.

Plastic and dry properties Sample No. 1

PIARHCHIT | 1 2 eias i s e aarats i hies s e Poor Volume shrinkage........ 15.0% dry volume
Shrinkage water..............coonnns 879,  Linear shrinkage......... 520, dry length

POTe Waler oty S g e s s e 21.1% Linear shrinkage......... 3.0% wet length

Water of plasticity......covuvvieeravans 2989  Dry condition............. Weak

Fired properties Sample No. 1

Cone Color Condition LS.l (T.LS.%d1.| V.8.%dv. [ Abs. A.Por.
(% Buff-brown Weak, very soft (1 5,3 04 9.2 5.1
2 ' Red-brown Good, hard 7.9 13.1 22,0 13.0 2.7

2 Red-brown Good, S.H. 10.4 15.6 w0 1.8 3.8
~7* Red-hrown Fused, S.H. 9.8 15.0 206.7 0.2 0.4
and black

Remarks: Best firing range: 01-2. Cone fusion: 5.
Class of ware: Not usable for commercial wares alone. Needs greater
plastic and dry strength. The dry pore space and fired shrinkage are too large.

Sample No. 2 occurs in 2 beds, totaling 3 feet in thickness,
separated by a 1-foot bed of coarse gray volcanic dust. This clay
when fresh is dark greenish gray but dries to a light gray. It
is rather smooth, but the texture is not even. Lumps are very
compact, when compared with the associated silts, and are
brittle. Minute irregular and tortuous holes are a peculiar
feature of this clay.

Plastic and dry properties Sample No. 2

P 3 ET g0 D b Nt S g b e s S A St oo Good Volume shrinkage........ 30.7% dry volume
Shrinkage water.......i.. e iianing 18.0% Linear shrinkage......... 11.5% dry length
POPIWRIBE: b e s v i S Ose e g 20.6% Linear shrinkage......... 8.5% wet length
Water of DlaBHCIEY oo davnans vumalbssas 38.6% Dry condition..... ..o High shrinkage

Fired properties Sample No. 2

Cone Color Condition L.8.9d.1. |T.L.S.9%d.l. V.8.%d.v. Abs, A.Por.
05 Light bufl- Soft 28.7 12.9
brown
™ | Lt. red-brown | Soft 7.8 3.7
03 | Lt, red-brown | Fair, hard 2.5 a7.1
01 Red-brown Good, S.H. 8.5 17.6
&4 | Dark red- Vitreons, 8S.H. 1.2 2.6
hrown

Remarks: Best firing range: 03-2. Cone fusion: 6. A few cracks. Needs
reduction in shrinkage.

Class of ware: Mix with sandy or shalelike clays for common red and
brown structural wares.
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The Ringold beds are situated so that mining would be rel-
atively cheap; and certainly great tonnages are available, but
none is of a quality suitable for other than the commonest red-
firing ware, and great care would be required in their use even
for such products.

Other clays interbedded with basalt occur between Corfu
and Taunton. Some of these are smooth, plastic, and appear to
be of good quality, but they are all red-firing and of high shrink-
age. Although it is not known that these belong to the Ellens-
burg formation, they are interbasalt, similar in most respects
to typical Ellensburg clays of Yakima and Kittitas counties, and
may be tentatively correlated with them.

Two other clay types occur in Grant County in the vicinity
of the Grand Coulee dam. One forms erosional remnants on
the granite at the head of Grand Coulee. It has been correlated
by Berry® with the Latah formation and doubtless has ceramic
properties rather similar to those of the red-firing shales of the
Spokane region. The other occurs in the river gorge and pos-
sibly also at higher elevations. It is a well-bedded, in places
finely laminated or varved, soft bluish-gray clay with interbedded
silty phases. Such material accumulated to considerable thick-
ness during a ponding of the Pleistocene Columbia River. Most
of the deposit has been removed by erosion, but large remnants
remain that are suitable for ordinary red-fired ware. The
physical properties are similar to the related silts and clays
described more fully from Pend Oreille and other northeastern
counties.

GRAYS HARBOR COUNTY

Grays Harbor County borders the Pacific Ocean in the west-
central part of the State and has an area of 1,927 square miles.
The topography varies from lowlands and rolling hills in the
southern part along the ocean to the high mountains of the
Olympics to the north. This latter more inaccessible area is
made up of extrusive rocks and sediments which have been more
or less metamorphosed to greenstone, argillite, and quartzite
These rocks do not contain usable shales and are not associated
with clays that are valuable for ceramic purposes. Elsewhere,
however, the bedrock is sandstone, sandy shale, and shale, with
some interbedded basalt and pyroclastic material, and useful
clay materials are abundant.

Throughout some 800 square miles, which includes the whole
area of greatest development and population, various Tertiary
sediments crop out or underlie a mantle of residual soil or Pleis-

@ Berry, E. W., A Miocene flora from Grand Coulee, Washington: U. 5. Geol. Sur-
vey Prof. Paper 170, pp. 31-42, 1932,
—4
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tocene sediments. The lowest, of Eocene age, are rather tuffa-
ceous and contain interbeds of agglomerate and basalt. The
dominant formations, however, are of Oligocene and Miocene
age and total several thousand feet in stratigraphic thickness.
They mostly accumulated in marine embayments under vary-
ing depths of water, so the resultant rocks, though ranging from
fine conglomerates to the most unctuous clay-shales, are com-
monly thick-bedded, and consequently a given type could be
easily mined.

During Pleistocene time flood-plain deposits of silty clays,
sands, and gravels were spread over the older surface of Ter-
tiary strata. The resultant aggraded plain, later uplifted, has
been dissected by the many rivers until now tilted beds of shale
and sandstone are exposed in many places under unconsolidated
horizontally bedded alluvial sediments. These more recent clays
and sands are designated by the general term of “Willapa Pleis-

tocene deposits”; and, although probably contemporaneous with
the glacial sediments which mask the bedrock in the eastern part
of the county and occur throughout the Puget Sound region,
they are rather different in occurrence and character.

Probably color and hardness serve best to distinguish the
Willapa Pleistocene and glacial sediments. The Willapa mate-
rials are commonly stained to various shades of yellow and
reddish brown, and it is only where the strata are laid open to

considerable depth that unoxidized bluish-gray material occurs.
Aside from the staining, there is marked decomposition of sand
grains and softening and disintegration of pebbles in the gravels,
only the silica grains and the quartzite pebbles having escaped
some alteration. On the other hand, heavy ferric oxide stain
on glacial pebbles of the Puget Sound vicinity is not common;
so deep reds and browns are not characteristic, and pebbles are
seldom altered except in the oldest till and there to a compara-
tively slight degree.

SHALES

The lower course of Humptulips River is through Willapa
sands and clays, but at a place 114 miles east of the Humptulips
post office a thick series of fine-grained dark-blue shales is
exposed. These occur in the south side of the river channel for
more than a quarter of a mile above the old bridge site but are
covered at high water. The strata are thick-bedded. Siliceous
phases are rare, but some small limonite nodules occur. Part
of the exposed beds are slightly sandy, though in general the
shale is “fat” and free from any but fine grit. These beds strike
N. 50°-65" W. and dip from 70° NE. to nearly vertical. Back
from the water, a river bench of sand and coarse gravel covers
the upturned strata to a depth of 12 feet, while beyond this the
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Pleistocene sediments probably form a much greater over-
burden.

Sample No. 356 is a general one from the east end of the ex-
posure in the SW. cor. sec. 9, (20-10 W). It is unweathered
dark-gray to nearly black shale, uniform in texture, and con-
taining only the finest grit. The material is hard and compact,
breaks with a clean subconchoidal fracture, and shows a decided
sheen on freshly cut surfaces.

Plastic and dry properties Sample No. 356

Fg FE e Do) T S ] e L Good Volume shrinkage........ 26.9% dry volume
Shrinkage wWater......cocvsimsssansnss 13.6% Linear shrinkage.,....... 9.9% dry length
2y T o L e R L S 13.2% Dry condition........ See under “"Remarks."”
Water of plasticity.......cccovivinaanns 26.8%

Fired properties Sample No. 356

Cone Color Condition L.S.9%L) [T.1.85:d)| V.8.%d.v. Abs, A.Por.
06 | Lt. red-brown | Good, hard 2.8 12.7 8.1 15.6 30.3
M* Dk. brown-red | Good, S.H. 4.5 4.4 12.7 7.0 16.2
2 | Dk. brown-red | Surface cracks, il 17.0 19.7 8.4 7.0

seum, S.H.
1 | Dk. red-brown | Slight swelling, 3.0 13.8 1.1 4.5 8.8
vitreous, 8.H.
6-7% Red-brown Vesjeular, 0.4 10,8 1:1 iR | 6.3
and black fused, 8.H.

Remarks: Best firing range: 06-02. Cone fusion: 5. Needs weathering
and thorough pugging.
Class of ware: Red and brown structural wares.

Although the above exposure is close to transportation facili-
ties it could only be mined with difficulty and so is of little eco-
nomic importance; however, it is a good example of the purer
Oligocene shales in this vicinity.

Shales are exposed at several places along the Ocean Beach
Highway northwest of Hoquiam. About 3 miles from the town,
in the NE1j sec. 21, (18-10 W), a road cuts the strata for about
75 feet. The shale here is greatly weathered and jointed but is
apparently quite uniform in character. The only overburden
is a foot or so of soil, but thicker sands and gravels occur in the
near vicinity.

Sample No. 358, from this cut, is a soft very sandy shale of
uniform texture. The color is gray, weathering to buff and
reddish brown.

Plastic and dry properties Sample No. 358

|2 £ 70~ § o, ot T W e 4 Fair, crumbly  Volume shrinkage........ 41.9% dry volume
Shrinkage water.....ccvcvereresasnens 25.6%% Linear shrinkage......... 16.6% dry length
oo gy 1o ot T e T L 25.6%

Water of plasticity......cocerencvearsn 51.29%
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Fired properties Sample No. 358

l‘llllt'[ Color Condition | L.S.%%d.l |T.L.S.5d.l| V.5.5%d.v. Abs, | A.Por.
(4% Bright Good, hard 4.6 n.2 15.2 18.5 8.5
brown-red |
01 | Bright Good, hard 5.7 2.3 16.0 13.1 2.9
brown-red [
i | Brown-red Good, S.H.~ 8.8 2%5.4 4.0 12.2 .2
7.2 93.8 20.0 .1 14.8

10 | Dark brown Fused, deformed,
| SH

Remarks: Best firing range: 04-7. Cone fusion: 10. Too much plastic
material, causing high shrinkage.

Class of ware: Good color and firing range for red and brown structural
wares, but shrinkage needs reduction.

North of Aberdeen on the Wishkah road shales occur at close
intervals for several miles. In some places the cuts show large
exposures of very uniform material with little overburden; in
others, the beds have a considerable covering of Pleistocene

gravel or clay. Throughout, there is a great similarity in the
appearance of outcrops, and doubtless this applies to the physi-
cal characteristics.

Sample No. 361, from a cut in the SW1/ sec. 28, (18-9 W), was
taken as fairly representative of the series here. The bank
sampled was 15 feet high and 200 feet long and contained nothing
but the greatly jointed shale and a slight overburden of gravels.
The shale is greenish gray when fresh and damp and dries to a
gray-buff color. Iron staining is profound in places and has been
added to by leachings from the rust-colored gravels overlying
the shale. This probably would be less apparent with further
development of the deposit. The material is sandy but is me-
dium fine-grained and uniform and is not very hard.

Plastic and dry properties Sample No. 361

Vg £ 0 § o ST s ok AN, Weak, crumbly Volume shrinkage........ 49.3% dry volume
Shrinkage water..........cooevvueaies 30.89 Linear shrinkage......... 20.3% dry length
POre WEEEE (o s s ey e e 24 8%
Water of plasticity.......ccvuvieniviinn 55.6%¢

Fired properties Sample No. 361

Clone Color | Condition L.8.%d.1 T.L.S.9ed.l| V.B.%d.v. Abs, A.Por.
06 Lt. buff-brown| Weak, soft 2.4 .7 7.0 0.7 4.3
(:4* Bright Few eracks, soft a7 4.0 10,6 18.3 1.1
buff-red |

02 Bright Few cracks, hard b.1 25.4 4.7 15.7 27.8
buff-red | |

6 Bright Good, 8.H.- 7.0 28,2 21.5 11.2 2.2
hrown-red

10 Brown Veslendar: = |sasaeiiciaes QAT ach e aS i AT AR R 8.7 19.2
and black | fused, SH. |

Remarks: Best firing range: 02-8. Cone fusion: 10. Too high shrinkage
from excessive amount of fine-grained material which has weak plastic
strength.

Class of ware: Good color and firing range for red and brown structural
wares, but shrinkage needs reduction.
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Similar exposures occur in the northwest corner of the same

section and at other places up the river. Bluish-gray compact
shales in beds as much as 500 feet thick are reported to occur in
mostly low-dipping strata on the middle fork of the Wishkah
River to the north of sec. 14, (19-9 W). Other thick shales are
reported from the higher reaches of the Satsop River, but all are
too remote to be of economic importance at this time.

Five miles northwest of Montesano, on the Wynooche road,
are cuts in which beds of shale are exposed, and a few others of
similar nature occur between that point and the town. In the
NE4 sec. 33 and the NW1/ sec. 34, (18-8 W) the road, in skirting
the foot of the hills, has been graded through several spurs.
One such cut, 400 feet long by 18 feet high, exposes a thick shale
member that strikes N. 15° E. and dips 55° NW. It is uncon-
formably overlain by about 12 feet of horizontal lenticular Pleis-
tocene beds which include gravel, sand, and clay.

Sample No. 362, of the shale, is a dark bluish-gray to nearly
black material. It is hard and compact, uniform in texture, and
slightly sandy. Clay substance is present in sufficient quantity
to give a bright sheen to freshly cut damp surfaces.

Plastic and dry properties Sample No. 362

PLAt bl oot e s e s e s e i Sy sl Good Volume shrinkage........ 46.8% dry volume
Shrinkage Water........iviviviiesosss 25.9% Linear shrinkage.......... 19.0% dry length
P oTe WREET . r.n s s e w s .00 20.9%
Water of plasticity. ... ciiivdieieinrs 46.87

Fired properties Sample No. 362

Cone | Color | Condition L.8.%d] |T.1.8.5%d.1.| V.8.9d.v.

| Abs. A.Por.
| P
06 | Lt. red-brown | Few cracks, hard 4.3 93,9 123 | 148 20,8
4* Mottled bufr Few eracks, S.H. a.0 2.0 14.3 | 11.3 2.7
and red |
2 | Dk, red-brown | Few cracks, near 5.0 2.5 15.5 1.0 1.9
fusion, 5.H. |

3-4* Dk. red-brown | Vesieular, S.H. -23.6 =14.6 073 | 11.0 | 1%:8

Remarks: Best firing range: 06-01. Cone fusion: 6.
Class of ware: Red and brown structural wares if content of plastic
material is reduced.

WILLAPA PLEISTOCENE CLAYS

Several samples were taken from the abundant exposures of
Pleistocene clay, although it is not a material suited to anything
but ordinary red-firing ware. For common brick, it is usual to
develop the deposit which is most advantageously situated
rather than to go far afield for one of slightly better grade; so
the samples are important more for general information and
for comparison with the glacial clays and others of similar type
than for the commercial application of the data to the particular
deposit where found.
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Two general varieties of this clay are recognized. One is a
typical silty flood-plain deposit that corresponds to the mud that
is accumulating at the present time in the large estuaries such as
Grays Harbor. The other is more local in occurrence, is often
closely associated with sand and gravel, and is a more plastic,
better grade of clay. The latter corresponds to river- and lake-
deposited material which may be seen accumulating in quiet
water where a slight change of conditions will cause it to be
covered with sand or gravel.

Prate 1

CHARACTERISTIC ROAD CUT IN PLEISTOCENE SANDY CLAY AND DECOMPOSED
GRAVEL, GRAYS HARBOR COUNTY.

The upper gravelly member is essentially contemporaneous with the clays, but the two
are separated by an uneven erosional surface, The working properties of the clay,
sampled as No. 354, would be improved by the inclusion of the gravel.

A sample was taken from a road cut 9 miles southwest of
Aberdeen, in the center of the N4 sec. 32, (17-10 W). This is on
the highway and near a branch of the Northern Pacific Railway.
The cut exposes a 12-foot bank of massive clay for about 200
feet along the road. The upper 6 feet is weathered and brown
in color, rather sandy, and contains a few pebbles, mostly small.
The lower 6 feet with base concealed is more argillaceous and has
proved impervious to weathering. No pebbles were seen in this
lower portion of the exposure.
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Sample No. 354, from this cut, is a bluish-gray soft, silty clay

that is very dark colored when damp. The texture is uniform
and fine.

Plastic and dry properties Sample No. 354

Flasticdly wovosniiliseaves Fair, rather silty  Volume shrinkage........ 26.9% dry volume
Shrinkage water. . ... AT MR e T 174%  Linear shrinkage ........ 9.9% dry length
Pare Water.......voccersnrsnernsansnes 28.0%

Water of plasticity........convienennnn 4549

Fired properties Sample No. 354

Cone Color Condition L.822d). [P.L.S.gedl| V.S %y, Ahs, A.Por.
010 | Buff-brown Weak, soft PP T (001 0 [ et ) o R e
06 | Red-brown Weak, soft 2.2 12.1 .10 27.9 42,3
(4*| Bright Good, hard 55 13.4 10,0 25.0 .0
brown-red
02 | Red-brown Slight scum, 9.7 19.6 2.3 10.4 20,8
good, 8 H.-
2 | Purple-brown Good, slight 15.9 25.8 40.3 0.4 0.8
sticking, S.H.
6-7*| Red brown- Fused, vesicular, 9.9 19.8 .0 0.7 1.8
hlack 8.H.

Remarks: Best firing range: 03-01. Cone fusion: 5. High shrinkage; near
vitrification.

Class of ware: Red and brown structural wares.

Except in a few places, the Willapa Pleistocene sediments
completely conceal the older formations for several miles back
from the ocean, and even the river banks and sea cliffs are
formed of the poorly consolidated sands and clays. A typical
section is exposed in the 25-foot cliff at Pacific Beach. Here,
under 2 feet of gravelly soil, is a 12-foot bed of gravel containing
a few thin layers of clay. Below the gravel a massive clay mem-
ber is exposed for 10 feet to where its base is concealed beneath
the beach sands. At other places in the vicinity the gravelly
bluffs extend upward to a much greater height.

Sample No. 357, taken of the clay member mentioned above,
is soft bluish-gray silty material very similar to sample No. 354.

Plastic and dry properties Sample No. 357

PIRRHICIEY: v o viovs v crie s din ia o006 Weak, silty Volume shrinkage....... 28.6% dry volume
SHrinkage WabeT. ...« o vzaman- senuon 18.9% Linear shrinkage.......... 10.69 dry length
T O R Tty s s e e LR w44 b e R 28.8%

Water of plasticlty. .. v..vidovinsinsai 47.7%
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Fired properties Sample No. 357

|
Cona| Color Condition L.8.9d.1. '[‘.L_H)‘;}.d.].l V.8.%dv. Abs, A.Por.
06 | Lt, red-brown | Weak, soft 3.0 4.1 | 102 26,2 0.3
04* Bright Good, hard 4.5 %1 | %5 19.3 5.8
| brown-red |
(5 | Bright Seum, good, 16.5 7.1 | 41.6 2.3 3.4
hrown-red S.H.
01 | Red-hrown Slightly stuck, 15.4 2.0 39.5 0.3 0.8
S.H.
9 | Dk.red-brown: | Stuck, notdes || ricoiensnrre|rsnsanenenilennieises R o e ey e
formed, S.H. |
6-7* Dk. red-brown | Vitreous, 7.8 18.4 2.5 0.1 0.2
fused, S.H, |

Remarks: Best firing range: 04-02. Cone fusion: 5.

Class of ware: High shrinkage and short firing range for red and brown
structural wares.

Road cuts in Willapa sediments are frequent on the McKay

road north of Hoquiam. In some of these, common clays of fair
quality are exposed which show the beneficial effect of advanced
weathering and leaching.

Sample No. 355 was taken in a roadside excavation about 5
feet deep where a representative example of these clays could be
obtained. The clay is reddish yellow except where light-gray
phases show the effect of leaching. It is smooth and unctuous,
for although originally sandy most of the grains are decomposed
to clay.

Plastic and dry properties Sample No. 355

Plastiolby - oicrmen samiese + <o v Good Volume shrinkage ....... 47.3% dry volume
Shrinkage WAater ...i...vovessssssis 217%  Linear shrinkage ........ 19.3% dry length
Pore aWater . e e ilS S Al e 23.7%
Water of plastieity ................. 51.4%

Fired properties Sample No. 355

Cono Color Condition L.8.9d.1. :’l‘.],,ﬁ.'_-;:.l.l, V.8.%d.v. Abs. I A.Por.
M* Buff-red Few eracks, hard .3 25.6 17.7 18.6 2.6
2 | Buff-red Few eracks, 8.H,- 6.0 26,2 19.4 13.5 5.

6 | Buff-red Good, S.H.- 9.1 28.4 23.1 12.5 5.1
10 | Brown Slight cracking, 15.8 .6 8.2 2.4 8.0
and black S H. |

Remarks: Best firing range: 04-9. Cone fusion: 11-12. High content
of plastic material causing high shrinkage.

Class of ware: Good color and firing range for red and brown structural
wares.

A clay very similar to the above is exposed in a cut on High-
way No. 101, 1% miles northwest of Hoquiam. This is in the
NW1 sec. 27, (8-10 W). In grading through a low ridge, a cut
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50 feet long by 12 feet high has been made in a rather light-
colored clay. Weathering has progressed to a depth of about 8
feet, and farther along joints, leaving the clay buff and dark yel-
low in color. A few harder layers of limonite occur, and the foot
of the exposure is on reddish-stained gravels.

Sample No. 359 is of the least-weathered portion. It is con-
siderably stained but has portions that are gray in color. Al-
though soft, the clay is tough and shows a sheen on cut surfaces
that is absent in more silty phases.

Plastic and dry properties Sample No. 359

PIAStICILY et vt s oo ola poluiisias ahls Good Volume shrinkage ....... 62.5% dry volume
Shrinkage water ........ccioieveivan 36.9% Linear shrinkage ........ 25.7% «ry length
Pore Waller: oo nen vl ihss ey seiaieeres 18.3%
Water of plasticity .....ccovciverses 55.2%

Fired properties Sample No. 359

Cone | Color Condition L.8.%d] T.L.8.%d.l| V.8.%dy. | Abs. A Por.
06 | Lt. red-brown | Good, hard 5.9 31.6 16.6 16.7 3%B.2
(4* Bright Few cracks, 8.7 A 3.9 11.0 2.8

| brown-red good, 8.H.
5 | Bright Few cracks, 115 .2 80.5 4.7 10.8
brown-red good, 8.H.
6-7* Brown-red, Good, S.H. 10.6 36.3 | 28 .4 3.7 7.9
speckles |
10 Brown and Edge blisters, 11.7 7.4 31.0 0.7 1.7
black deformed, 5.H. |

Remarks: Best firing range: 06-5. Cone fusion: 10. Too much plastic
material causing high shrinkage.

Class of ware: Good color and firing range for red and brown structural
wares.

High bluffs parallel the shore in the vicinity of Grays Harbor
station on the Northern Pacific Railway, just west of Hoquiam.
The upper beds are composed of reddish gravels, but in the lower
15 feet are clayey sands and sandy clays with one 5-foot stratum
of purer clay that has been so compressed as to be almost shale-
like.

Sample No. 360, of the clay member, is an even brownish-
buff color. It has a fine uniform texture and is free from any but
very fine grit. The amount of clay substance is very high, so that
in drying, the material has become greatly cracked and jointed.
It is compact and breaks with a subconchoidal fracture.

Plastic and dry properties Sample No. 360

BIagticity o in e et aa Fair, crumbly Volume shrinkage ....... 28.5% dry volume
Shrinkage water ...............oc000es 19.8%  Linear shrinkage ........ 11.0% dry length
HoruRter. . Ll o ol i 31.3%

Water of plasticlty .......ccieeveuss 51.1%
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Fired properties Sample No. 360

Cone Color Condition L.S.gd ), |T. L8], V.8.%d.v. Abs, A.Por.
|
06 Brown-red Weak, soft £.4 19.3 2.9 2.3 ®Ad
* Brown-red (I Feoi B M| oSt G R ST it RS 2.9 36.2
02 | Red-hrown Cracks, hard 1.3 2.3 30.1 18.7 [ 2.8
6 Red-brown Vitreous, 18,5 2.5 45.8 0.9 )
and hlack fused, S.H.

Remarks: Best firing range: 03-3. Cone fusion: 7+. High percentage
dry pore space and firing shrinkage.
Class of ware: Red and brown structural wares, if properly handled.

ISLAND COUNTY

This county, with an area of 208 square miles, lies in northern
Puget Sound and is composed entirely of islands, the largest
being Whidbey and Camano. The land surface is rolling and un-

even, as is characteristic of all the glaciated Sound area, and
there are no distinctive elevations. A mantle of glacial drift
effectually conceals the bedrock except in the extreme northern
part of Whidbey Island, where metamorphic rocks of probable
Mesozoic age outcrop.

The clay resources are confined to glacial deposits in which
unassorted till predominates. Beds of stratified sands and
gravels occur at different places, and associated with them, as
at Useless Bay on Whidbey Island and at Algiers Bay on Camano
Island, are the bluish-gray glacial clays, characteristic of the
Puget Sound region.

JEFFERSON COUNTY

Jefferson County is in the Olympic Peninsula and has an area
of 1,747 square miles. The most rugged portion of the Olympic
Mountains is in the central part of the county, and the foothills
reach to tidewater on the east, while a broad lowland area ex-
tends from the Olympics westward to the ocean. The Olympic
Mountains form a great area barren of clay reserves. At the
base of the mountains to the southeast, the bedrock is basalt
that is altered, in part, to greenstone. Also present is a relatively
small amount of sandstone that is almost quartzite, and shale
which is so indurated that plasticity is destroyed. These rocks
are readily seen in outcrops along Hood Canal. The situation for
ceramic materials is better in the northeastern portion of the
county. There marine shales and sandstones of Oligocene age
and Eocene basalts, tuffs, and intercalated sediments form the
bedrock and crop out in many places. Concealing the bedrock
over much of the eastern region are extensive deposits of glacial
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sediments with properties similar to the glacial clays that are

worked extensively elsewhere in the Puget Sound region.

West of the mountains, under a cover of Pleistocene sedi-
ments, are chiefly conglomerates, sandstones, and shales of the
Hoh formation. The shales of the Hoh series appear unsuitable
for ceramic use, partly because of the scarcity of thick beds (they
are mostly thin to moderately thick and interbedded with hard
sandstone), and partly because of their hard, nonplastic condi-
tion. However, the Pleistocene clays are abundant and suitable
for common red-fired ware. Tests on similar clays from Grays
Harbor County are given on pages 101/106.

Three miles north of Quilcene a cut has exposed much-weath-
ered shale to a depth of 12 feet. The exposure lies 50 yards from
the railroad under a very slight overburden of glacial gravel.
The material is stained and jointed, rendering structural data
obscure; no doubt the beds have considerable thickness.

Sample No. 369, from this place, is a very sandy brown and
yvellowish-brown shale. It is rather hard and of nonuniform
texture.

Plastic and dry properties Sample No. 369

PIABLICIET, i e nats e s st s s e Weak Volume shrinkage .......24.3% dry volume
Shrinkage water .......c...cisemeiss 12.9% Linear shrinkage ........ 8.9% dry length
Pole Water sl oma e s 1529
Water:of plasticity ot 28.1%

Fired properties Sample No. 369

Cono Color Condition L.8.9%d] IT.L.S%dl| V.5.9%d.v. Abg; A.Por.
Mo | Red-brown Weak, soft 1.6 | 10.5 4.5 18.9 34,0
M-05 | Bright brown- | Good, 8.H. 5.5 14 .4 15.7 6.7 4.9
red
1 | Brown-red | Good, 8.H. B,7 14.46 16.1 4.8 10.2
i*| Dark brown- | Good, 8.H. 4.5 1.4 | 128 2.8 5.7
red

Remarks: Best firing range: 07-5. Cone fusion: 7-8. Mix sandy and
plastic portions to control shrinkage.
Class of ware: Red and brown structural wares.

Bolton Peninsula, which forms the eastern shore of Quilcene
Bay, has a great thickness of shale exposed at its southern end
for a quarter of a mile along the beach. The beds appear at the
foot of a cliff of glacial drift, so the overburden is excessive.

Sample No. 364 includes material from several places at the
west part of this exposure. It is a much-jointed gray shale that
is weathered to a buff and brown color. The sample contains a
very small amount of fine grit, but the texture is smooth and
quite uniform. Most of the shale is compact and brittle and
shows spheroidal weathering.
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Plastic and dry properties Sample No. 364

BIABHCHENY, v s sin mesie neita s s Good  Volume shrinkage ..... 18.1% dry volume
Shrinkage water .........c.ooviiieains 9.1% Linear shrinkage ......... 6.4% dry length
350 g o0y o ol R SO D S B 13.3%  Linear shrinkage ......... 4.0% wet length
Water of plasticity ...... SAARA A 2247,

Fired properties Sample No. 364

(lono Color | Condition LSSl T.LSY%dl| V.S5.9d.v. Abs, A Por.
010 | Buff-hrown | Weak, soft ot 12.1 16.0 17.3 31.8
(4* Brown-red Seummed, good, i 13.7 20.4 1.9 3.8

S.H.
01 Brown-red Seanmmed, good, | b 14.1 7.3 1.0 2.4
|ERS
2 Dark brown-red| Vitreous, 8 H. .8 13.2 18.9 1.4 pr
6* Dark red-brown| Vesicular, .0 6.4 0.0 1.7 5.4
swelled, S.H.

Remarks: Best firing range: 06-01. Cone fusion: 11.
Class of ware: Red and brown structural wares.

KING COUNTY

King County extends from Puget Sound to the summit of
the Cascade Mountains and has an area of 2,111 square miles.
In the western part of the county, broad, low valleys and hills of
rather uniform elevation form the characteristic topography.
These merge into the foothills of the Cascades, which farther
east make up a region of deeply incised valleys and high, rugged
mountains. A greater variety of clays is known to occur here
than in any other county in Washington. This is due partly to
the variety of rock formations in the county, and partly to the
intensive prospecting for clay materials stimulated by the local
market. Other counties have great clay reserves but lack the
combination of raw material and convenient market. The oldest
rock formations of the county occur in the Cascade Mountains
and foothills and consist of metamorphosed sediments of Meso-
zoic or Paleozoic age. These are rocks that do not commonly
alter to clays and that are useless in their present condition as a
source of clay material. Intruded into the older formations are
great masses of granodiorite and related igneous rocks, which
subsequent and continued erosion has made the predominating
surface feature over large areas. This erosion keeps the accumu-
lation of clays down to a minimum in the granite areas where
under other circumstances excellent clays would develop.

CASCADE RESIDUAL CLAYS

Other igneous rocks, mostly flows, are of widespread occur-
rence, though chiefly in the eastern part of the county. They
include Eocene basalts and Miocene andesites and pyroclastics.
Upon decomposition, they give rise to residual clays, instances of
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which are found along Highway No. 410 east of Enumclaw.

These have never been worked in this county, and so the type
is described in greater detail under the heading of Pierce County,
where similar clays occur and, at one place, have been utilized
on a large scale.

Only two locations were sampled along the Highway, one
8 miles east of Enumclaw, and the other up East Twin Creek. At
the former place a small prospect pit north of the road and a
tunnel driven under the road show a varicolored residual clay.

Sample No. 182 is a general mixture from the pit. It isin part
dark brown and yellow from surface weathering and concentra-
tion of limonite, and in part light blue with white grains. It is
soft, friable material still showing the original texture and when
dry crushes to a harsh powder between the fingers.

Plastic and dry properties Sample No. 182

PIaatey s e s e e s Good  Volume shrinkage ...... 44.7% dry volume
Shrinkage water ...............o.... 25.0% Linear shrinkage ........ 18.0% dry length
0w g e R o L 18.1%  Linear shrinkage ........ 10.0%; wet length
Water of plasticity ........coo0vvinen 43.1% Dry condition ............ Strong, tough

Fired properties Sample No. 182

Cone Color Condition L8.%d.l, M. L85ul)| V.8.5%d.v. Abg, A.Por.
NS Lt Buhrown 8ol =0 | cerrsesas hvemseme s rne] buremn s 22.9 480
05 | Lt red-bufl Soft | 4.3 22.3 12.4 21.0 5.7
M Lt. red-buff Soft | 5.3 23.8 15.1 19.8 .9
01-1 | Buff and red- Hard 5.0 2.0 223 18.8 23.2
hrown
-4 Spotted buff Hard 10.5 28.5 25.2 16.3 33.4
and brown |
12* Brown S.H. 8.5 26.5 5.4 10.6 20,0
15 | Brown 8. H. S T e s P e T TS e {1 | AR AT A

Remarks: Best firing range: 1-10. Cone fusion: 17-18. Too much
plastic material. Needs finer grinding and larger quantity of nonplastic
content.

Class of ware: Brown structural wares after treatment.

A nearby prospect tunnel has been driven under the road and
into the hill for 165 feet. The trend is N. 15° W. The first 30
feet is in yellow-stained clay, but there are parts where leaching
by circulating waters has removed the oxidized iron and left
the residual clay nearly white. The next 30 feet or so is in a
similar but unoxidized clay that is blue in color; the rest is in
hard rock where the component minerals show only slight al-
teration. The tunnel enters at a low angle and gives an exag-
gerated impression of the amount of clay. The known depth of
the material here is only about 15 feet, but greater amounts may
exist in some places. Certainly much less is the rule, and an
entire absence would be expected where the hills are steep.

Sample No. 185 is general, having been taken at various
places along the tunnel walls. It contains blue, yellow, and
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white phases and so, in texture as well as color, is decidedly non-
uniform. Although sticky-plastic when fresh, the material dries

to harsh compact lumps.

Plastic and dry properties Sample No. 185

B AR L R R iy Cre e A Cas Good Volume shrinkage ....... 18.1% dry volume
Shrinkage WAater ..ovevcvossiibme s 9.8% Linear shrinkage .......... 6.4% dry length
HOER:Watan im o LT e g 16.5%  Linear shrinkage ......... 5.0% wet length
Water of plasticity ........oovuuinniss 263% Dry condition ...ciceeshsomaeansesis Good
Fired properties Sample No. 183
Cone Color Condition L.8.%d.) ML V.8.%dy. Abs, A.Por.
5 | Light gray T e b e ey 2.5 .3
edges, soft
14| Light gray R O R O S v v A s e e | Aad <l e IS 2.9 3.2
| soit
i Gray-brown Soft 7.9 13,9 2,8 19.8 41.5
7% Spotted brown | Expanded with- 1.4 5.0 4.3 P46 3.7
| out eracking or
sticking. Soft
12*| Deep brown Expanded with- 4.5 1.9 12,89 2.6 36.9
and black out eracking or
| sticking. Scft
15 | Mottled brown | Expanded with- -1.5 1.9 14 2.5 H.B

and blaek

out cracking or
sticking. Hard

Remarks: Cone fusion: 18-20. No fired strength produced.

Sample No. 186 is of the blue phase alone. It is soft and
plastic when freshly mined and shows the texture of the original
rock, which is composed of feldspar phenocrysts in a dense dark-
gray groundmass. Undecomposed fragments and some sec-
ondary cementation make the dried clay hard and very harsh.
Pyrite, occurring as minute crystals, is abundantly disseminated
throughout.

Plastic and dry properties Sample No. 186

Blastioi by et s e v Tt Good Volume shrinkage ..... 34.049, dry volume
Shrinkage water ........ievinewnass 17.2% Linear shrinkage ....... 12.9% dry length
Pore witer s rir NS 13.8% Linear shrinkage ......... 8.0% wet length
Water of plasticity........ccaveveenss 31.0% Dry condition ......... Strong., Scumming
from soluble salts
Fired properties Sample No. 186
Cone Color Condition LS | TLS%AL] VS%dv. | Abs. A Por.
012 | Red-gray From stalneds: . =i it e i e e s A e 18.5% 32.8
and buff weak, soft
04 Gray and Iron stained, v.e | s 1.4 17.9 82.1
red-hrown wenk, soft |
01 Gray and Iron stained, 1.6 14.5 4.7 17.3 1.9
red-brown weak, soft |
24" Gray-brown Iron stained, | |.cccceimonas e A e o 1ot 1 TR NP R Sie
good, hard |
£-i*| Duark buff- (oo w1y o L R e T T yrirs o L e 17.4 20.5
hirown |
12, Dark brown Good, 8.H. 20 | 5.9 LT i g e iy o
Remarks: Best firing range: 3-12. Cone fusion: 20-23. Dry shrinkage

is high; fired shrinkage, low.
Class of ware: Brown structural wares, after treatment.
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Clays like the preceding occur in many places, but data are

from surface showings except in one other place. A prospect
tunnel, trending north into a hillside, has been dug 200 yards
east of East Twin Creek and one-half mile north of the highway
in the NEVANW1} sec. 1, (19-8 E). Only the first 10 feet could
be examined because of water, but the indications are that the
clay and the conditions under which it occurs are very similar
to that of the prospect tunnel mentioned above.

Sample No. 184, from the tunnel, is nearly pure white in color,
but it is only a leached phase, for the intensely blue clay occurs
here also. The texture is coarse, and dry lumps are hard and
very harsh.

g Plastic and fired properties Sample No. 184

When tempered with 258 percent water a weak plastic strength was developed.
A larger content of plastic material is needed for gray and brown structural wares.
The sample fused at cones 23-26.

Large beds of tuff occur in this vicinity. At one place, in the
SE. cor. sec. 1, (19-8 E), a ravine north of the highway exposes
the rock to good advantage. This location was once staked as
fire clay, owing probably to the light-gray color of the outcrop.
It was sampled and tested to add to the general information on
the region.

Sample No. 183 is characteristic of these tuffaceous rocks. It
is soft and poorly consolidated, light gray in color, and contains
volcanic ash, pumice, mineral and rock fragments, and a small
amount of clayey cement.

Plastic and dry properties Sample No. 183

Plasticity: oooniislivaaddin Weak, granular Volume shrinkage .......4.29% dry volume
Bhrinkage Water: (cciiiessisbiaaamees 28% Linear shrinkage ......... 1.49 dry length
HOT e WRECE ey vt on ) i P Lo 28.19% Dry conditon .........coreveenensene Weak
Water of plasticity ................... 30.99

Fired properties Sample No. 183

Cone| color | condition | LSzl [rLsgar] vsgay. ave | aror
08 | Brown-red Weak, soft -0.9 +0.5 —2.6 LR 41.5
4*| Dark hrown- Rough surface, 6.3 (B e 1.5 217
rodd hard

1 | Red-brown Roueh surface, 10.2 11.6 0.7 3.8 6.8
hard

8

6-7*| Dark red- Fuged, 8.H. 12.2 13.6 82.3 0.8 1
hrown

Remarks: Best firing range: 04-3. Cone fusion: 7. Needs more plastic
clay for greater plastic and dry strength. Dry pore space and fired shrinkage
are excessive,

Class of ware: Red and brown structural wares, after treatment.
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Sample No. 181 is from a quarry opened for road metal about
5 miles southeast of Greenwater, in sec. 19, (19-10 E). The rock
is well exposed for 200 feet along the road and, owing to a slide,

for 75 feet above that level. It is a buff-colored well-indurated
tuff that has a pronounced shaly structure. The material at-
tracted some attention at one time but has no particular value,
as it is almost nonplastic, fires to a brown color, and fuses below
cone 10.

If after carefully testing samples and investigating the trans-
portation problem, it should be found desirable to use any of the
Cascade residual clays, they should be intensively prospected
before a location is decided upon. It might be possible to mine
a large tonnage by stripping the clay from a broad area; but it
is doubtful if the material extends to any great depth, and the
deposits are local in character.

SHALES

The Puget group of Eocene shales, sandstones, and carbonace-
ous strata underlie about 340 square miles in the southwestern
quarter of King County. Outcrops are abundant, though chiefly
confined to river canyons, creek beds, and steeper hillsides. In
other places, a mantle of glacial drift of variable thickness to-
gether with surface loam and dense undergrowth commonly
cover the bedrock. This formation has been extensively studled
because of the importance of its coal beds.

Other sedimentary beds, of Oligocene age, occur in the area
north of that underlain by the Puget formation. They are
thought to form the bedrock over some 275 square miles, al-
though outcrops are rare, owing to the great thickness of drift.
The series is not commonly coal bearing but might be valuable
as a source of shale suitable for ceramic purposes.

The Tertiary strata have been tilted from their original po-
sition, and in some places the folding has been extreme. This
makes underground mining necessary for beds of usual thick-
ness—an expensive system which the usual character of the
shales seldom warrants. In a few occurrences, it is feasible to
mine shale and coal together. This might prove advantageous
with some of the thinner coal beds which otherwise could not be
handled at a profit. Very thick shales or several beds that can
be used in aggregate may be mined by open cut or quarry meth-
ods, as is done at the Newcastle shale quarry, if the overburden
is not too great. What can be accomplished in the way of strip-
ping overburden was demonstrated at the Renton plant of Glad-
ding, McBean & Co.

Shales occur at many places in the south part of Seattle and
the near vicinity, but for the most part bedrock is effectively
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buried beneath an immense thickness of glaclal drift. In only

one place have the shales been utilized. This is at Renton, 12
miles southeast of Seattle, where one of the largest clay pIants in
the State is located. The following section was made from
measurements obtained in the old Renton coal mines, at the
shale quarry of Gladding, McBean & Co., and along the track of
the Columbia & Puget Sound Railway as far as the bridge over
the Cedar River.

Section of Renton coal series

Feet
Pleistocene
GREIAY. OE e e e AT e L I A —
Unconformity
Oligocene
Txon-stained: CONZIOMETATE . .. . vaivr s o b o ate ssiats s sl e s 165
oncealedt e e S L A e SALE ST e 335
Gray sandstone, with granite pebbles and tuffs.................. 230
Coneealed . . nmasm i niae e e T AR S T S R e e TS A e S 285
Shale 100
Sandstone Worked by Gladding, McBean & Co.). ... 30
Shale, sandy at base 110
Unconformity
Eocene
S ATTOASEONE S L e s T tsrate el S b e A S oo R e N SR R 2o S A oA s 40
(B, Y M 570 B e iR e S A o o e B S LT R eI e 17
Sandatone candiERalen: i ol s W s e e R s b e e e 110
Coal i Bed - Nod ) i o it et s A ks o a5 S e AR RN 13
Gray shale, shaly sandstone, and sandy shale.................... 25
Medium-grained massive light-gray sandstone................... 37
Slightly. laminated’ sandstone:. . i aiei i s it e sieai s o 10
CORL (Bl IO, B0, e 2o st ocr i) S rels e F ol sl = et ool s o (o i e 11
Massive coarse-grained iron-stained sandstone.................. 42+
5oL TR eY 0 etz Lo e AR o e L Oy u T Sl B e e ] e g e e 1,560

The plant is one-half mile east of Renton on the south side of
the Cedar River Valley. The shale that crops out there is of
good quality and where first opened had only a scant overburden.
As the quarry was pushed back into the hill, a greater face of
shale was developed; but the overburden of drift also increased
until it now stands 150 feet thick, equal to the vertical thickness
of the shale mined. This enormous overburden was formerly
removed by hydraulic “‘giants” and carried by flume out into the
valley, where it was impounded. By this means, stripping was
contmued untll a suf’ﬁment bench of shale was exposed to run

@ In part after Evans, G. W., The coal fields of King County: Washington Geol.
Survey Bull. 3, 1912.
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the plant for several years. Very little is mined now, as use is
made of other materials.

In the quarry is a 30-foot bed of massive sandstone which is
overlain by shales similar to the lower beds but not so well ex-
posed. Lenticular masses of sandstone, some of great size, also
occur in the upper strata. Under the sandstone stratum are 100
feet of laminated dark-gray and brown shales. This is the main
portion worked. Parting the lower shales are two thin sand-
stone members, and massive sandstone underlies the series
worked. Some of the shales are unctuous and “fat”; others,
especially the lower members, are very sandy; and lateral varia-
tion in all the beds is marked.

Landslide has altered the original structure in the east side
of the quarry but the general strike is N. 10°-20° E. and the dip,
10°-16° SE. This dip carries the beds down into the hill of
glacial drift, so that the thickness of the overburden is increas-
ing. It is said, however, that a little farther to the southeast the
overburden decreases decidedly where a more elevated pre-

Glacial surface, composed of shales stratigraphically above those
in the quarry, has allowed less drift to accumulate.

Sample No. 392 is a general one of the shale from the quarry.
It is dark brownish gray in color and moderately soft. Although
sandy in texture, it is uniform and rather fine.

Plastic and dry properties Sample No. 392

ERARTICIRY: g e e U e e Good Volume shrinkage ......16.09% dry volume
Shrinkage. Water .. iih csesseeinees 8.47% Linear shrinkage .......... 5.7% dry length
¥ R o) RPN e P S R 13.49%
Water of plasticity ........ e 21.8%

Fired properties Sample No. 392

l‘-tlm'i Color Condition L&8.%d.), [T.L8.od) V.8.%d.y. Abs, A.Por.

M0 | Purple-brown Weak, =soft -5 5.2 1.4 15.8 28.5

05 | Brown-red Light seum, 3.6 9.3 10.3 14.4 27.9
good, hard

02 | Red-brown Light seum, 0.7 12.4 18.7 4.0 10.4
good, 8. H.

Remarks: Best firing range: 06-02. Cone fusion: 6-7.
Class of ware: Used for red-brown structural wares, face and paving
brick, and hollow tile.

Gladding, McBean & Co., Renton plant (formerly Denny-
Renton Clay & Coal Co.).—The shale is mined by driving tunnels
10 feet horizontally in the foot of the quarry face, then timbering
over the track for 15 feet out from the face. The shale is blasted
and caved down onto muck-boards which roof the covered
tracks, and by lifting these boards, the shale drops into the cars.
Formerly there were 22 of these tunnels and tracks in the 750
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feet of workings, but for future work it is anticipated that a

power shovel will be used. The cars run by gravity 200 yards
to the tipple, where a gravity car-dump empties the shale onto
a grizzly, a jaw-crusher breaks the oversize, and a conveyor belt
carries the crushed material to a storage bunker.

Other bunkers contain clays and shales (up to 6,000-8,000 tons
in all) from the various mines and pits operated by the company.
From any of these storage supplies the materials feed by under-
ground conveyor belts to one of the six 9-foot dry-pans. From
these it is elevated, passed over screens, and then sent to the
ground-clay storage bunkers. A proportioning-and-distributing
belt system feeds the clay from these bins to three complete
lines of pug mills and auger machines. In two of these lines the
clay is vacuum deaired for making paving brick and all struc-
tural materials; the other and largest line is used for all refrac-
tories. The equipment also includes one 4-brick dry-press and
facilities for hand molding of special fire-brick shapes.

The drying system includes one 8-track carrier drier, of 120-
car capacity that uses waste heat and steam, and a 28-tunnel
double-track drier, 30 cars to the tunnel, using heat from an
auxiliary furnace.

A Harrop tunnel kiln, the only one of its kind in the State, is
used for firing the refractory ware and also for buff face brick
and glazed wall block. This kiln is 31914 feet long and has a
capacity of 52 cars, each car holding 1,200 fire brick or their
equivalent. The cars take 104 hours in their passage through
the kiln. The hot zone, fired by 6 oil-burners on each side, now
reaches a temperature of cone 13, and is later to be increased
to cone 16. All red-firing ware and some of the buff face brick
are fired in 5 rectangular periodic down-draft kilns, 16 feet wide
and ranging from 70 to 150 feet in length, and four 30- to 34-foot
diameter round down-draft kilns. Temperatures are measured
by thermocouple pyrometers and checked by optical pyrometers
and cones, so a careful control is maintained at all times.

Some 150 tons of raw clay are used per day. Refractories are
the major product manufactured and form 75 percent of the out-
put. The other products, in order of yearly tonnage output,
rank approximately as follows: paving brick, acid brick, blow-
pit brick, face brick, roofing tile, glazed wall block, quarry tile,
miscellaneous.

For many years a plant was operated at Van Asselt, in
south Seattle, by the old Denny-Renton Clay & Coal Co. Fire
brick, silica brick, and other specialties were made there at one
time. Later, production was confined to terra cotta. Although
no longer in operation (the plant was destroyed by fire), the
following tests, made on three of their terra cotta bodies, are



116 Clays and Shales of Washington

recorded in order to show the properties of mixtures that were
long in use. The clays were shipped in from various places, such
as Sumas, Hammer Bluff on Green River, and even the Spokane
distriet.

Plastic and dry properties Denny=-Renton No. 2

PIASHEILY . coonicnnnnnsbsanramssimem Good Volume shrinkage ...... 13.5% dry volume
Shrinkage water ... lidiited 7.2%  Linear shrinkage ......... 4.7% dry length
POTEWALET © .o risinisemin anaiar i s 16.77,
Water of plasticity ................ 23.99,

Fired properties Denny-Renton No. 2

(one Color Condition LS.9d] T L85, V.8.%dv. | Abs, A.Por,
{8 | Mottled gray- | Soft 2.4 7.1 6.9 17.7 3.8
buff
01 = Buff-brown Good, hard 2.0 7.3 7.7 141 7.3
10 Dark brown Blistered amd 1.1 9.1 12,6 6.9 13.6
and black stuck, S.H. I

Remarks: Cone fusion: 23.
Class of ware: Used for terra cotta body.

Plastic and dry properties Denny-Renton No. 5

Plasticity .o cocibiman vaicaioe dutaseaeia Good Volume shrinkage ...... 13.69% dry wvolume
Shrinkage water ... i 7.3% Linear shrinkage ......... 4.8% dry length
Pore waber | s el 14.37%,
Water of plasticity ..........cc0000e 21.6%

| |
Cone Color Condition L8.%d.). |T.L.S.9:d.) V.5.9%d.v. Abs. | A.Por
=naito] : : x I ‘,___ L
05 | Mottled gray- | Good, hard | ....cioeunn P ey 18.3 | 8.1
buff and
brown |
02 | Buff-brown Good, hard 1.7 6.5 5.0 16.7 81.3
10 | Dark brown Stuck, part 4.8 9.6 13,8 T2 4.3
__and black blistered, 8 H, N
Remarks: Cone fusion: 23-26.
Class of ware: Terra cotta body.
Plastic and dry properties Denny-Renton No. 6
PLRBHRTE | L riamtne et A e o Good Volume shrinkage ...... 11.4% dry volume
Shrinkage Water .....crscunernasssens 6.2%, Linear shrinkage .........4.0% dry length
POTe I WatEE .o asenth e e me s 15.3%
Water of plasticlty .......cesvsninmas 21.5%
Fired properties Denny-Renton No. 6
[Ty I S e
Cone Color Condition | L.8%dI1 i'l‘.l._h.'/;«:l.], V.8.9%d.v. Abs, | A.Por.
SRS L et S =L | | £
05 Gray-buff Soft 2.1 6.1 6.4 L A
(2 | Light bufl- Good, hard | 2.8 4.8 6.8 17.0 | 3l.
hrown | |
10 Dark brown Blistered and | 5.8 9.3 15.0 .2 14.4
and black stuck, S.H. |

Remarks: Cone fusion: 20-23.
Class of ware: Used for terra cotta body.
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Many beds of shale and sandstone occur in or near Seattle.

At Columbia City a measured thickness of 2,000 feet, much of
which is free from overburden, is exposed in street cuts. Sim-
ilar rock outcrops at Bailey Peninsula, on Lake Washington,
and as far south as Rainier Beach. Shales and sandstones form
Alki Point; and at South Park, on the west side of the Duwamish
River, three small rounded hills of these rocks project through
the alluvial deposits of the valley. On the eastern side of the
valley similar strata are exposed in the bluff for over 1,000 feet
between Brandon Street and Georgetown. None of these has
been investigated as a source of ceramic material, but there is
every reason to believe that beds of suitable size and quality
could be found by a little prospecting.

South of Seattle at the foot of Beacon Hill, one-half mile
north of Black River Junction, the Beacon Coal Mining Co.
opened a series of coal, shale, and sandstone strata. The struc-
ture is very regular and dips 27° SW. The following section was
made from measurements taken in the main rock tunnel.

Section from Beacon coal mine

Feet
Top of section at portal of tunnel
SAROSLONE, (GHALY . 5 s s el e s s T T T T e e i e e B s 252+
Shile: Hehi-gray. (SHmple N0 805, Ly i it e Sonire oo s svsa ke 11
b (8 1 T S T ) LN e ey e P e e e e 13
Shale, very dark-gray. (Sample No. 396).......00iiiuiniinininans 18
e G L e Py o e e b e o et o B B
Sandstone and | Shale Sy =g oS e e e e B O S 3
Coalwith partings (N2 o e 2 sty s s B e s e A s et e 7
SNBLE. SBIIAN oo e rer v o i 5 Shedne a0 e e 5 S o w7 WS o eyt S e o s Ak s e 45
Shale, very dark-gray. (Sample No. 397) . .....cvviiirnnnenennnnenns 32
Shale BRNGY: Jind s i co o R s T S tal YR e A S e el TR 23
Coal, shale: and clay: hinsBedAetd. ..o vresivime sty o e S e e 17
Shadecandlsandsione. o2 oo o L e IR B B 36+
Base concealed

461+

Sample No. 395 is from an 11-foot bed of shale lying 31 feet,
stratigraphically, above No. 1 coal bed. It is light gray in color,
and the texture is very fine and uniform. The material is so
hard and compact as to be almost flintlike and breaks with a
conchoidal fracture, leaving cutting edges.

Plastic and dry properties Sample No. 395

Phastieity e e e e Good Volume shrinkage .......10.8% dry volume
Shrinkage Water ... i iiiuisaasasass 6.3% Linear shrinkage ........3.8% dry length
FIOTE - WRIET Lol s rmr s ns s m b 19.8% N O ON . e S v e e vee v Good

Water of plasticity ............ccvu0s 26.19
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Fired properties Sample No. 395

| |
Cone Color | Condition | LS9 (T.1.8.5:.)., V.5.%d.v. Abs, A.Por.
2 | Red-hrown Seum, 8.H. 3.l 8.9 14.7 10.3 20.2
01 | Red-brown S H. T4 11:2 20.5 7.0 13.8
1| Red-hrown Light scum, 8.2 120 0.7 3.9 9.6

good, 8.H.

Remarks: Best firing range: 06-1. Cone fusion: 6-7. Some scumming.
Class of ware: Red-brown structural wares.

Sample No. 396 is from an 18-foot bed of shale overlying
coal bed No. 1. It is very dark gray in color, and the texture is
fine and uniform. Minute carbonaceous stringers are abundant
throughout. Although only moderately hard, it is brittle and
breaks readily into small very irregular lumps with points and
rounded faces.

Plastic and dry properties Sample No. 396

Plastitity =i i s LR Good  Volume shrinkage ...... 21.8% dry volume
Shrinkage water ..........ccivieeeen 11.7%  Linear shrinkage ......... 7.9% dry length
POTE - WATEE . iivurrnsoonseemes s sl 16.9%, 2 1y s o T 03 Lo - (IR I L Good
Water of plasticity ..........cev0venn 28.6%

Fired properties Sample No. 396

Cone | Color Condition LSSl T L.Ssdl] V.S.%d.v. Abs, A.Por,
== “ha sl § N '] [V =t o LaelG< =X
010 | Buff-brown Good, hard Tk 9.0 3.2 15.6 28.0
06 | Buff-red Seammed, good, 6.6 14.5 18.6 10,0 21.4
| S.H.-
2 | Dk. red-brown | Scummed, good, 9.6 17.5 24.2 0.7 1.0
S.H.
2 | Dk. red-brown | Light seum, 0.7 17.6 26.3 0.2 | 0.4
good, 8. H. |

Remarks: Best firing range: 08-2+. Cone fusion: 12. Needs reduc-
tion in shrinkage by mixing with sandy beds. Needs careful oxidation treat-
ment to remove carbonaceous material.

Class of ware: Red-brown structural wares.

Sample No. 397, from a 32-foot shale bed lying 45 feet below
No. 2 coal bed, is almost identical in appearance with sample No.
396, though the texture may be slightly finer.

Plastic and dry properties Sample No. 397

PIABHEILY .o vesiar mnimimimmier e e e n Good Volume shrinkage ...... 24.7% dry volume
Shrinkage wWater ........ccoevvemneres 13.7% Linear shrinkage .........9.0% dry length
Pore Water . ...t s s toms s 16.3% PEY con@Iton .. ..un e s sa s sonsnss Good

Water of plasticity ..c.-civrvasvraees 30.09
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Fired properties Sample No. 397

Cone Color Candition L8S%d I |T.LSGedl| V.5.9%d.v. Abs. A.Por.
010 | Buff-brown Weski8uIE L et s s 4.0 18.4 32,8
05 Dk, brown-red | Seommed, good, 8.8 17.8 .5 a.4 12.4
S.H.
02 Dk. brown-red | Seammed, good, 9.1 181 5.0 2.8 8.5
S.H.
1 Dk red-brown | Viterous, good, 9.8 15.8 2.7 0.9 2.2
S.H.
1t | Black ¥emeaueht . S T e e R {1 | e S
hloated and
fused, S.H.

Remarks: Best firing range: 08-2+. Cone fusion: 12. Mix with
sandier beds to reduce shrinkage. Oxidize carefully to remove carbon.

The Newecastle Hills-Grand Ridge region, lying east of Lake
Washington and between the Cedar River and Snoqualmie
Valley, is an area of Eocene and Oligocene rock more or less
mantled by glacial drift. The bedrock contains great thicknesses
of shale, though exposures are mostly confined to the southern
part of the field. Good sections of the Eocene Puget group show
on Coal Creek, Tibbetts Creek, and in the rock tunnels of the
mines. A total of 4,055 feet of beds was measured® from the base
of the coal series on Coal Creek to the top of the productive coal
measures at bed No. 4 in the rock tunnel of the old Ford mine.
Shale forms some 32 percent of this amount and occurs in beds
as much as 36 feet thick.

Another section, measured® at the Superior mine of the
Harris Coal Co., in the SW14{SE1 sec. 32, (24-6 E), also shows
the large amount of shale that is available. In 1,320 feet of beds,
21 percent is shale and individual shale members are as much as
271 feet in thickness.

Shales of the Puget formation are being mined at three places
by Gladding, McBean & Co., and shipped to Renton for use in
various bodies.

Newcastle shale quarry.—This is by the county road just
outside (SW.) of Newecastle in the NEV/NW!/SW1} sec. 27,
(24-5 E). A quarry 420 feet long has been opened in the west
slope of a hill. Work has been carried 50 feet or so into the hill
and a 10- to 18-foot face developed. Thin-bedded unctuous
shales, sandy shales, and a few hard sandstone layers are ex-
posed across a strike varying from E. to S. 60° E., with a dip of
35° northerly. The shales are dark bluish gray when fresh; they

T Weaver, C. E., The Tertiary formations of western Washington: Washington
Geol. Survey Bull, 13, p. 109, 1916.

@ Evans, G. W., The coal fields of King County: Washington Geol. Survey Bull,
3, pl. 16, 1912,
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dry to a much lighter blue gray and weather buff. They are
without overburden in part of the exposure and have a scant
cover (up to 5 feet of gravel) in other places. An immense
amount of easily mined material is available, as the quarry face
will steadily increase in height as work is carried eastward into
the gradually rising hillside. The strata are mined by power
shovel, and the “run-of-pit” mixture is taken to Renton by truck.
The material is similar in properties to that obtained from the
Renton quarry—a red-firing, low-fusing (approximately cone 5)
ordinary shale used for brick, drain tile, and all red ware.

Harris clay mine.—This property is 200 feet or so south of the
Superior mine of the Harris Coal Co. and is located just east of
the highway in the S14S%SEY, sec. 32, (24-6 E). It is an en-
tirely separate operation from that of the coal company, though
the “clay” is part of the same series and only a short distance
stratigraphically below the coal that is being mined. A drift has

been driven for 750 feet eastward into the hillside on a thick
bed of hard claystone. The strata have a northerly dip of 30°-
35", and mining has been carried up the dip some 250 feet by
rooms and pillars in the same way coal is mined. The claystone
is a very compact. dark-gray to nearly black, carbonaceous ma-
terial that is high in clay substance and very low in sand. It
lacks shaly structure and when dry is brittle, breaking with a
subconchoidal fracture. The material is light firing and, in gen-
eral, has a fusion temperature of approximately cone 31. Some
parts of the bed are less refractory, but only that with a cone
fusion above 29 is saved. The cone 29-31 material is taken by
truck to Renton and used there for No. 2 fire brick and shapes.

Issaqua clay pit.—This is, as yet, a small development located
one-fourth mile west of Issaqua in the SV4SEV{NW1, sec. 33,
(24-6E). A hillside pit, about 100 by 125 feet in area, has been
made through 2 or 3 feet of soil and glacial overburden into a
blanket of gray and stained plastic clay and sandy clay derived
by weathering from underlying strata of the Eocene coal mea-
sures. Part of the pit has a quarry face 18 feet high, and there
the unweathered well-stratified, moderately thin-bedded shales,
sandy shales, and clayey sandstones are well exposed. These
beds strike N. 70° E. and dip 28° NW. The tough plastic sur-
face clay is light firing and has a fusion temperature of about
cone 15. It is hauled by truck to the Renton plant, where it is
used as a bond and tightener in some refractory bodies. Doubt-
less a large amount of similar material is available, though the
physical properties will vary with changes in the underlying
beds and in the amount of leaching the surficial clay has under-
gone; but the good-bonding, plastic material will be confined
to the weathered zone.
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Cedar Mountain is an outcropping mass of Eocene strata in
secs. 29 and 30, (23-6 E). Deep glacial drift surrounds the area,
but the shales and sandstones are well exposed along the river
in sec. 29 and along the county road in sec. 30. The dip is mostly
southeasterly at angles ranging from 15° to 45°. Extensive
prospecting for coal has been carried on, and one mine, that of
the Pacific Coast Coal Co. at New Black Diamond, was operating
in 1939. Shales in this vicinity form a large proportion of the
total exposed series. Their great thickness together with con-
venient location may sometime make them economically valu-
able. A section®, which has been measured along the county
road and in mine workings, shows shale to form 67 percent of the
1,958 feet of exposed beds and to occur in individual members as
much as 570 feet thick.

Sample No. 381 is from a sandy shale interbedded with sand-
stone exposed at one place along the road in sec. 30, (23-6 E), and
is merely indicative of general characteristics. The material is
very dark gray in color, of uniform texture, and, although sandy,
is fine-grained. It is compact and moderately hard.

Plastic and dry properties Sample No. 381

Blastictty ..l e sn e v e el Good  Volume shrinkage ......20.7% dry volume
Shrinkage Water ,....cvceveeevressses 11.6% Linear shrinkage ......... 7.4% dry length
OIS WBLBE 4 sreais e baaToat o o s s 18.1%
Water of plasticity ........c.ivvieens 29.7%

Fired properties Sample No. 381

t!nm-: Color | Condition Li8.%d] |T.LSSed.L| V.8.%d.v. Abs, A.Por.
(18 | Buff-red Good, soft 3.8 [ 11.2 11.0 16.9 20.1
01 | Dk. red-brown | Near vitreous, 0.4 16.8 25.6 0.9 2.0
good, S.H.
6 | Brown and Vesicular, 14.5 21.9 8.4 | 8.0 21.6
black sticking, S.H.

Remarks: Best firing range: 06-01. Cone fusion: 7-8. Mix with
neighboring sandy beds for better control.

Class of ware: Red and brown structural wares.

Sample No. 382 was taken from a 30-foot face exposed in a
road cut above Cedar Mountain Station. A large quantity of
shale is available and could be quarried and handled without
great difficulty. The material is mostly sandy and is moderately
hard. The color is gray with considerable variation in shade, and
the texture is uniform and medium fine.

@ Evans, G. W,, The coal fields of King County: Washington Geol. Survey Bull. 3, pl.
13, 1912,
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Plastic and dry properties Sample No. 382

PLastioity. osvcmiiannin sl saleasinie Good Volume shrinkage ......9.5% dry volume
Shrinkage water ............ccconeees 46%  Linear shrinkage ........ 3.3% dry length
Fore wWBler o ey 23%
Water of plasticity ......covvvenrnnns 6.9%

Fired properties Sample No. 382

Cone Color ‘ Condition L8.%d.1 |T.L8.%d.) V.8.%dy. Abs, ‘ A Por.
05 | Brown-gray Good, soft 2.3 5.6 6.7 I‘s‘.!j 35.3
01 | Gray-brown | Good, 8.H. - 0.8 9.1 16.4 8.5 17.6

6 | Dk. gray-brown| Near vitreous, 8.6 11.9 2.7 1.2 1.9
| | SH.

Remarks: Best firing range: 04-01. Cone fusion: 8.
Class of ware: See No. 381 for mixing to make red-brown structural
wares.

The beds of the Puget group occurring at Taylor are of par-

ticular interest because they have been mined not only for coal
but for the accompanying shales as well. It is one of the few
places in the State where this has been done on an extensive
scale, although some other coal mines have marketed shale from
time to time. One of the plants of Gladding, McBean & Co. is
located here and various products have been manufactured, al-
though only sewer pipe and allied wares have been made re-
cently.

The region is rough and hilly and the larger valleys are
filled to great depth with glacial drift. Outcrops are restricted
to hillside erosion channels. At the mine, located just uphill from
the town of Taylor, the beds have been folded into a well-defined
syncline which trends N. 45° W. Igneous intrusions of andesite
and rhyolite are common and complicate the working of the beds.
A 22-foot rhyolite sill, completely altered, was formerly mined
on the west side of the syncline. This clay was called “Taylor
White,” and was mined from two drifts for 2,600 feet on one level
and for 6,800 feet on a lower level. A large amount of this clay
probably still lies along the strike of the sill, so that a demand
for material to be used with ball clay for common whiteware
could be met.

Sample No. 179 is of the greatly altered rhyolite mentioned
above. Part of the sample is snowy white and part is light buff
in color. Kaolinization has not progressed to the colloidal, unctu-
ous state found in some of the eastern Washington residual clays,
and so the material is mealy, crumbles easily, and is very harsh
feeling. It is composed of partly altered feldspar, quartz, some
white mica, and a small amount of calcite. Extensive leaching
has removed the femic minerals and their alteration products.
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Some samples are so homogeneous that component minerals are
recognized with difficulty.

Plastic and dry properties Sample No. 179

RISl e e e e Very weak Volume shrinkage ...... .9.3% dry volume
Shrinkage water ... .o ciivins v 32% Linear shrinkage ........ 1.8% dry length
POPe WabBT. ol e Wa s e b e 20.3% Linear shrinkage ........ 1.5% wet length
Water of plasticity .................. 235%  Dry condition ........ Weak and crumbly

Fired properties Sample No. 179

Cone Color Condition | LS.%d.]. [T.L.8.9%d.1.| V.8.9d.v. Abs, A Por.
01-1 | Lt. eream, Granular, very 2.2 4.0 6.5 24.0 7.8
near white soft, punky
¢-7* Lt, cream, Granular, 8.3 5.1 9.4 3.6 3.4
near white soft, punky
10 | Lt. cream, Granular, 7.8 0.6 2.7 10,3 22.9
near white good, 5. H.
12* Light spotted | Granular, 10.7 12.5 28.8 3.9 7.6
gray, near ° good, S.H,
white

Remarks: Best firing range: 8-15. Cone fusion: 28. Very little plastic
material. Needs a bonding clay.
Class of ware: Has been used for light-gray dry-pressed face brick fired
to high temperatures. Could be used as a siliceous grog.
PrATE 2

“GLORY HOLE"” USED IN MINING SHALE AT TAYLOR,

The broken shale is drawn off through an adit below the bottom of the funnel-like
opening. Sampled as No. 384.
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Farther along the rhyolite sill toward the east side of the
syncline, the rock is less kaolinized and has been termed the
“Taylor Buff” or “Soft Purple”, and the unaltered rock which
occurs in the east side is known as the “Taylor Hard Purple”.
The more extensive alteration on the west limb appears to be
due to better jointing, which allowed an easier percolation of
ground water and the consequent formation of leached residual
clay.

The sedimentary series at Taylor is well exposed in the various
tunnels, crosscuts, and “glory holes”. A stratigraphic thickness
of 1,414 feet has been measured®. Of this amount some 35 per-
cent is shale which occurs in beds as much as 496 feet thick.

Sample No. 176 is mixed material representative of about 85
feet of strata encountered in the old No. 1 clay tunnel. These
beds are mainly shale and sandy shale with a small amount of

sandstone. They overlie No. 1 coal bed by 30 feet or so. The
sample is very dark-gray shale and light-gray sandstone. The
fragments are all hard.

Plastic and dry properties Sample No. 176

PLaBtICILY . e iin it o distie s ata s v s al aatnia Good Volume shrinkage ......27.3% dry volume
Shrinkage water ........c.cveevmssine 13.7% Linear shrinkage ........10.1% dry length
FOTE. YRTEE: o o el L0 oa R 135% Dry condition ............oc0venunnnn, Good
Water of plasticity ......ccvoisensnss 27.2%

Fired properties Sample No. 176

Cone Color Condition L.8.%d.]l, |T.1.8.9d.1.| V.8.%d.v. Abs, A Por.
07 | Lt. red-brown Weak, soft 0.5 10.6 1.4 18.7 32.4
04 | Lt. red-brown | Slight geum, 1.5 12.0 5.7 15.4 29.1
good, hard
14+ | Red-brown Slight seum 4.6 4.7 B e ranies | warm i it
4% Red-hrown Good, S.H. 6.9 17.0 19.4 6.7 13.8
&1 15.2 14.6 3.7 7.6

6-7* Dk. red-brown | Good, S.H. 5 5. H
B o s Ll L1 4T L R e B T R

Remarks: Best firing range: 04-4. Cone fusion: 9.
Class of ware: Red-brown structural wares.

Sample No. 177 is representative of about 80 feet of strata im-
mediately overlying the beds of sample No. 176. It is composed of
nearly black fine-grained shale, coarser sandy phases, and a
small amount of sandstone. It is a more argillaceous material
than the preceding sample but on the whole is rather similar.
Leaf impressions are common, as in most of the Taylor shales.

(@) Weaver, C. E, The Tertiary formations of western Washington: Washington
Geol. Survey Bull. 13, p. 121, 1916.
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Plastic and dry properties Sample No. 177

Plasticlfy ouiiaissiaivs svveinanes Good  Volume shrinkage ....... 12.0% dry volume
Shrinkage: Water < atiie.siitvidiei s 6.7%  Linear shrinkage ........ 429% dry length
POre: WRLED:. iy e e s 14.9% Py con@iten’ ol RS e s Good
Water of plasticlly . isvarsvsrvisi 21.6%

Fired properties Sample No. 177

Cone Color | Condition L850 e'l‘.l,,:-i_',-ill.l_l V.5.9d.v. Abs, A Por.
10 | Lt. parple- Wonlt, VErE 8O0 |5 o vantamasahramen s tnane] b eeiesnans 19,8 H.E
hrown
8 | Lt. red-brown | Light seum. 4.3 8.4 11.9 18.5 26.9
i good, hard
(2 Red-brown | Light seum, 4.9 9.1 14.1 9.1 18.9
good, S H.

2 | Red-brown | Good, S.H. 6.0 11.1 194 [ st
44* Red-brown | Good, S.H. 7.8 2.0 21.6 2.8 6.2
#-7* Brown Much bloated, 4.7 -2.5 -18.7 4.0 5.0

S.H.
12* Brown-hluck lAInch-Tused; [ cissnisvanpetesersasvevstbosssrnnsmas|isnsnsisenstsasapasssnss
S H.

Remarks: Best firing range: 06-3. Cone fusion: 10+.
Class of ware: Used for sewer pipe and general red-brown structural
wares.

Sample No. 384 is of the general mixture from the “glory
hole” and represents about 140 feet of strata composed of shale,
sandy shale, and some sandstone. In this thickness was 12 feet
of intrusive igneous rock that is eliminated in mining and so was
not included in the sample. The sandstone is beneficial to the
sewer-pipe body, for which the mixture is used, and so is in-
cluded. The sample corresponds to the underground material
forming samples No. 176 and 177 and was mixed with these for
testing.

The “Taylor fire clay” was obtained from a small quarry by
No. 3 mine, in the NW14 sec. 3, (22-7T E), where an 11-foot
stratum of very “fat” claystone crops out. This bed, with some
associated fine-grained clayey sandstone, was formerly mined
by open-cut methods, transported one-half mile to the plant by
electric motor, and used for fire brick and shapes. Ware of this
kind is no longer made at Taylor, and the pit has been abandoned.
The following section of the beds here was given by Mr. W. E.
Lemley, superintendent at that time of the Taylor plant.

Section including “Taylor fire clay”

Top of section Feet
snale. Dearing Ienl FORSIIS, . . o r e s sl pr e s 4o s e e 24
Clay, sticky-plastic, buff-firing, found at No. 4 mine opening... 4
S e O A e 2 S A St ST RS T b I o o 10
SARGAT0NEL i e A T AP 92
“Taylor fire clay.!” (SampleNo; 383). i viiivaianvsivisn s 11
Shale, various types, all red-firing. ..........coiiiiiiiinnannn 50
CONCRALEA. . i inievrnase fTarssl e e e s s a TS A e e s e e e e s 70

Fire clay, buff-firing; outcropping on west side Webster Creek.. 2+
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PLATE 3

GREAT WALL OF SHALE DEVELOPED IN THE TAYLOR “GLORY HOLE".

Some 140 feet of nearly vertical beds were mined in this particular opening.

Sample No. 383, of the fire clay, is a very dark-gray material

more resembling clay than shale. It is free from grit and cuts
with the sheen of wax. When dry the lumps are compact and
brittle, breaking with almost a cubic fracture.

Plasticity
Shrinkage water
Pore water
Water of plasticity

Plastic and dry properties

Sample No. 383

.......................... Good  Volume shrinkage .
e L e (8ol BT 14.89 Linear shrinkage ..
.......................... 39.3% Dry condition .....Cracked, strong, tough

,,,,, 72,9% dry volume
...... 30.19% dry length
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Fired properties Sample No. 383

Cone | Color Condition L.8.%dA] |T.1:8.9%d..| V.8.%d.v.

Abs, A.Por.

05 | Lt. brown-buff | Cracked, | .,.....cc0v0s e s | S 14.0 l 28.0
otherwise
gooil, hard
14 | Lt. brown-buff | Cracked, 4.1 3.2 11.4 10.9 214
otherwise
good, S H. -
7% Spotted buff- Cracked, 4.3 B4 I e e e i
hrown otherwise
good, S.H,
12* Brown Cracked, a8 | 35.9 16.4 8.5 16.0
otherwise
good, S H.

Remarks: Best firing range: 06-15. Cone fusion: 23+. Too much
plastic material.
Class of ware: Add grog or less plastic clay for structural wares.

Gladding, McBean & Co., Taylor plant.—The Taylor shales
and clays have been mined by several methods during different
periods. Some have been mined with coal, using the same system
of tunnels and slopes or stoping from separate entries. In this
method, ordinary coal-mining procedure for steeply dipping beds
was followed. Some beds have been mined from open-cut quar-
ries at the outcrops of the thicker strata. The principal system,
however, and the one used at present, is known as the “glory-
hole” method. By this means, a raise is extended up the shale
bed to the surface of the ground from a loading tunnel. The
shale is blasted down from around the upper part of the raise
and is carried by gravity down to the loading trap in the tunnel,
ready for the short haul of a few hundred yards to the plant.
Eventually, a great funnel-shaped opening is evolved, making
possible quantity production at minimum expense. It is prob-
able, however, that future mining will be once more by open
cuts and quarries along the face of the hill.

As much as 16,000 tons has been mined and stored during the
summer months of some years, a quantity sufficient to run the
plant at capacity for the rest of the year. Lately, less is used, as
the present body is a mixture of Taylor shale, grog from the old
slack dump, and shale shipped in from the Newcastle quarry.
Tunnels under the storage piles allow easy loading of the cars,
which carry the shale to a jaw-crusher, and from there conveyor
belts carry it to any one of four dry-pans. The ground shale is
elevated, screened, and then dropped to two wet-pans which pre-
pare it for the sewer-pipe press. The press is equipped with a
deairing unit, and a combination pug mill and auger machine
as well as a dry-press are available for certain work. The ware is
dried on hot-floors. The 14 kilns, all of round down-draft type,
include nine 34-foot, two 30-foot, two 28-foot, and one of 18-foot
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diameter. Drying is completed in from 5 to 15 days and firing
in from 120 to 240 hours, depending on the size of the ware.

Sewer pipe is made in sizes varying from 3 inches to 30 inches,
and all types of standard fittings as well as plain pipe are made.
Flue lining is practically the only other product made at present.
The capacity of the plant is about 40 tons per day, though the
present output is only a little over one-half that amount.

Shales are exposed in a few places east and west of Taylor
in the same township and also in the township to the north. Coal
is interbedded with the shales and sandstones, but the abundant
intrusions and surface flows of igneous rock together with com-
plicated structure render most of the region of doubtful value
for ceramic materials. Promising areas for prospecting are secs.
9, 16, 21, 26, 32, and 33, (22-TE).

The Green River, in much of its course, has cut a deep gorge
through the Eocene sediments of the Puget group. Some 9,000

feet of strata are exposed here, forming one of the most com-
plete stratigraphic sections in the State. Some very pure shales
occur, notably in the Kummer vicinity, but most of the rock is
sandy shale and sandstone, representing a shallow-water deposi-
tion in extensive estuaries. Detailed measurements of these beds
by Weaver® show that shales comprise about 36 percent of the
total and are present in members as much as 246 feet thick.

Kummer is in the NE4 sec. 26, (21-6 E) where a coal and
shale mine has been worked intermittently, at times extensively,
for many years. The property is owned by Gladding, McBean
& Co.; formerly, by the Denny-Renton Clay & Coal Co. The gorge
of the Green River is over 300 feet deep here; the upper part
is in glacial drift, but the lower is in the coal series comprising
massive argillaceous sandstone, coal, flint fire clay, and various
kinds of shale. The mine is on the western limb of a northward
trending syncline near the basal sandstone member, where the
dip is about 52° SE. The opposite limb of the syncline is crossed
by the river along the east line of R. 6 E., but so far no attempt
has been made to work this side for clay. Flint clay is reported
from the east limb and probably could be readily prospected by
using the underlying Kummer sandstone as a marker, but the
physical properties of the clay might not be the same as on the
west limb.

The flint clay is of particular interest because of the scarcity
of such material in the Pacific Northwest. Deposits have been
known and mined for many years in eastern States, but few oc-
currences have been reported elsewhere. This is the only known
deposit in Washington, although there could well be others in

@ Weaver, C. E., op. cit.,, pp. 112-116.
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the great thickness of Tertiary strata. The bed is & feet thick

near the river, but increases in thickness along the strike to the
north to 10 feet, though only the lower 7 feet, of best quality,
is mined. It is as persistent as an ordinary shale stratum, not
showing the lenticular character which is a feature of so many of
the eastern deposits, nor is it associated with limestone. It over-
lies 6 feet of bony, impure coal and is overlain in turn by 7 feet
of lighter-colored claystone, much like the flint bed though less
pure. Shaly partings are lacking, but the material is somewhat
jointed.

The average of eight analyses of the flint clay shows a silica
content of 39.66 percent and an alumina content of 40.85 percent.
The amount of combined water is not known but is thought to
be small, since the ignition loss of 15.46 percent would be mostly
accounted for by the large carbon content of the clay. Analyses
and physical properties suggest that the clay was deposited as
a colloidal aluminum silicate closely resembling kaolinite in
composition, and that the alumina content was increased above
that of theoretical kaolinite by the removal of impurities and
some silica through the action of organic material in swamp
waters. The flinty nature might be due to a partial setting of
the colloids after deposition, but the fact that this entirely non-
plastic clay may be rendered plastic by prolonged grinding in
water makes it appear that the induration is due to loss of com-
bined water through pressure.

Sample No. 168 was taken at the outcrop of the flint clay a
few feet above the water on the north side of the river. It is
very dark gray, nearly black, and shows mottling due to thin
layers, lenses, and specks of less carbonaceous material. The
sample shows no sand and has an extremely fine and uniform
texture. Brittle, hard, and dense, the clay breaks with a smooth
conchoidal fracture, the chips commonly having sharp, cutting
edges. It does not slake in water. The specific gravity varies
with the content of carbonaceous matter and other impurities,
ranging from 2.3 to 2.6. Coarser fragments are brown and trans-
lucent in polarized light, have very low refractive index, and
are isotropic, suggesting colloidal character. The fired sample
at first became light gray in color and showed a large ignition
loss, through the burning out of carbonaceous matter. The buff
color that developed at higher temperatures may be due in part
to contamination at the outcrop by iron oxide derived from over-
lying strata, though no staining was apparent.

Plastic and dry properties Sample No. 168

b o B e € o SRR T B None (see below) Volume shrinkage ......27,0% dry volume
BhEREage: Water .. ..vucocecoenamos e 16.0%% Linear shrinkage ........3.7% dry length
FOPC AWBEET vors ais v o mivis s iriins s eioys ot s 15.6% Dry condition ....... Good dry strength

Water of plasticity ..............0.s 31.6%
—5
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Fired properties Sample No. 168

|
Cone Color Condition | L8.%d.1 |T.L.S.%.L| V.8.5%dv. Abs. | A.Por.
6 | Buft Weak, soft I 5 ‘ 10.9 14.9 2.3 8.0
10 | Buff Good, hard 1 12.8 19.7 17.2 2.2
12 | Deep buff Good, hard 7.7 154 21.8 16.0 25.4
15 | Deep buff Good, hard 8.4 ‘ 14.1 23.2 15.4 24.6

Remarks: Best firing range: 10-18. Cone fusion: 32-+. This sample
was ground for 17 minutes in a wet-pan, after which it showed good plasticity.

Class of ware: No. 1 refractory, needing a plastic and refractory bond
clay or grinding in water.

Considerable change occurs in the character of the flint clay
along its strike to the north. The bed becomes thicker, more car-
bonaceous, and a little less refractory. At a new slope, 1,100 feet
or so from the outcrop, the clay can hardly be called “flint”. It
is uniformly very dark gray, almost black, contains minute lenses

and seams of coal, and is no more hard than many other compact
Eocene claystones. Under a microscope the clay appears no dif-
ferent from samples taken in the old tunnel except that quartz
grains are sparsely but rather uniformly scattered throughout.
It is a good, usable material, calcines rather white, has a cone
fusion of about 31, and is used as a grog in more plastic mixes for
refractories.

Sample No. 171 is flint clay from the continuation of the bed
sampled as No. 168. This is from an exposure at No. 1 tunnel on
the south side of the river. It was the intention of the owners to
operate mainly from here, mining both clay and an underlying
coal bed, but the location was abandoned after a short time. The
sample was taken from the working face 168 feet due south from
the portal of the tunnel and is, in appearance, exactly like sample

No. 168.
Plastic and dry properties Sample No. 171

Plagtiefty=! oo o r SR See No. 168 Volume shrinkage ....... 17.9% dry volume
Shrinkage water ...... . .0 virsanss 10.3% Linear shrinkage ........ 6.6% dry length
v 2 o e e e o 20.0% Linear shrinkage ........6.3% wet length
Water of plasticity ........ ) 30.3% DY concion it v v Fair strength

Fired properties Sample No. 171

Cone Color | Condition LS. %ad1. !'I'.I..-‘i.’.-(li.l, V.8.%d.v. Ahg. A.Por,

0= | Gray-buff Weak, soft 6.4 13.0 17.9 16.4 35.0
2. Buft Weak, soft 11.3 17.9 40.1 13.2 20.2
i Buff Weak, soft 12.2 18.8 322 11:% | 2.8

Buff Weak, soft 12,5 19.1 550 10.7 | 22,0
10 Buff Good, hard 13.5 20.1 35.3 0.2 | 19.3
12 | Buff-hrown Good, hard 13.8 20.4 .0 8.8 18.46
15 Buff-brown Good, hard 4.0 20,6 36.4 8.4 18.0

|
|
|
|

Remarks: Best firing range: 10-18. Cone fusion: 32+.
Class of ware: See No. 168.
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Overlying the flint clay where it crops out along the river is
a 6-foot bed of lighter-colored hard claystone similar to the lower
material but relatively impure, containing, especially, dissemi-
nated crystals of magnetite with crusts and masses of hematite
and limonite.

Sample No. 169, of this shale, is gray in color with the same
peculiar mottling of the lower member but in lighter shade. The
texture, fracture, and other physical characteristics are prac-
tically identical with the lower member (see sample No. 168, p.

129).
Plastic and dry properties Sample No. 169

Plaatiofty: ... 0L 00 s e i very weak Volume shrinkage ...... 3.2% dry volume
Shrinkage WAET . .......cscsssasssns 1.8% Linear shrinkage .........1.1% dry length
POLe: WALEE s o cinmxlela painiam 15.9% iy L eORON §5 s iy i na e e A Weak
Water of plasticity ................. 17.7%

Fired properties Sample No. 169

Cone | Color n Candition 1.8.%d.). "l'.L_S."-,M.L| V.8.%d.v. | Abva | A.Por.
(118 ! Giray | Punky, very coft T.B 4.0 ‘ 218 21.0 8.3
1¢ | Brown and Punky, soft 5.6 | 0.6 23.3 21.3 37.8

| black |

12| Dark brown Punky, soft 8.1 | 10.2 25.1 18.1 n.T

Remarks: Cone fusion: 28. Variable refractoriness.
Class of ware: No. 2 refractory.

A thin bed of carbonaceous shale overlies the last-mentioned
flinty shale and this, in turn, is overlain by 20 feet of gray shale.
The latter is a material that was extensively used for sewer
pipe at one time but was supplanted by other shales.

Sample No. 172, of this shale, is dark gray in color with occa-
sional flecks of black carbonaceous matter. It is sandy and hard,
but the texture is uniform and moderately fine.

Plastic and dry properties Sample No. 172

o Ty L e o T e et Good Volume shrinkage ........ 9.1% dry volume
Shrinkage: water ..........coooiii 4.8% Linear shrinkage . dry length
POre WaTED. o5 it e i s s el 14.8% Dry conton ...icvcieisiqnrinerians Good
Water of plasticity ... cesvssrnses o 19.6%
Fired properties Sample No. 172
Cone Color Condition LS%dl |T.L.8.%d.)| V.5.%dy. Abs. A.Por.
04 | Buff-brown Good, S.H. 2.6 | 5.8 7.5 12.0 =2
01-1 | Dark brown Good, S.H. 7.0 10.7 20.8 6.7 .7
.'l—l"i Brown-black \’1‘Lri’unr_=, good 9.0 | 13,2 24.8 0.0 0.0

l'.?'i ....... RS R R Hlll’“)” fused

Remarks: Best firing range: 06-2. Cone fusion: 11.
Class of ware: Brown structural wares. Formerly used for sewer pipe.
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A 20-inch bed of soft, plastic clay crops out on the hillside
about 400 feet southwest of the portal of tunnel No. 1 South. Its
relation to the coal-bearing strata is unknown but the material is
probably a correlative of the Hammer Bluff clays (see p. 137).
This particular bed cannot be traced far, so the material is rela-
tively unimportant. It had been sought as a possible bond for the
nonplastic flint clay.

Sample No. 170, of the soft clay, is blue and unweathered,
though the outcrop has mostly oxidized to yellowish gray. It is
sandy, but with fine uniform grain, and is abundantly filled with
carbonized leaf fragments.

Plastic and dry properties Sample No. 170

Plasticity ..... e e e BTt SR Good Volume shrinkage ...... 14.5% dry volume
Shrinkage WELEE  uevssssessamesrs 80% Linear shrinkage ........5.1% dry length
|21 Vel 0 e e AR e b e e 16.3%.  Linear shrinkage ........ 4.07% wet length
Water of plasticity «.....oieeiivann 243% Dry condition .........cvvensvvenvins Good

Fired properties Sample No. 170

Cone olor Clondition | LS.l |T.L.8.9%1).| V.8.%d.v. Abs. A.Por.
|
5 Light buff Weak, soft | .................................... B Brsersvassass
02 Red-buft Giood, hard 4.8 8.8 13.6 12.4 23.9
-1 | Bufl, dark Good, S.H. .4 10.4 17.9 10.8 21.7
a4*| Buff-brown Good, S.H. =4 12.4 23.0 3.8 <4
6-7* Buff-brown Good, 8.H. 1.1 14.1 27.3 2.5 5.0
12* Buff-brown Vesicular, 8.H. 5.9 9 16.0 4.7 0.3
15 | Gray and FAEIIAT HEOOR, B i e e s sannnrs b ol av e n s iriaes B8 Nscswiersnres
hrown 5.H.

Remarks: Best firing range: 02-8. Cone fusion: 23-+.
Class of ware: Brown structural wares.

A sample (No. 167) was taken from the talus at the foot of the
cliff of sandstone exposed in the canyon just west of the old mine
openings. It is a light-gray, coarse-grained, friable arkose, con-
taining feldspar, quartz, hornblende, and micas, the weathering
of the feldspars having produced a large clay content and a
crumbly texture. The material exhibited no plastic strength
upon being ground, so no further tests were made. At one time
this arkose was mined on a small scale and used in various clay
bodies in much the same manner that grog is employed.

Kummer mine.—Tunnels and drifts have been used here for
developing clay, shale, and coal, and stoping has followed the
ordinary coal-mining methods of chutes and pillars. When the
mine was operated by the original owners (Denny-Renton Clay
& Coal Co.), the mined products were hoisted up a steep incline,
700 feet long, from the bottom of the canyon to the tipple and
railroad spur at the top. The various shales were distributed to
the different plants of the company for manufacture into fire
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brick, sewer pipe, and other ware, and the coal was used in the
burning process. Later all mining was from a slope sunk about
1,100 feet north of the edge of the canyon. It has a pitch of 50°,
and, except for an overburden of 30 feet of glacial drift, is in the
flint clay to a total depth of 900 feet from the surface. The old
drifts and stopes, driven in some 900 feet or so, reached to within
about 120 feet of the new slope and will be used in evacuating
water from the newer workings. The new slope has the advan-
tage of providing 520 feet more lift than the old and will make
possible the recovery of a very large tonnage of the excellent clay
near the river (below the old mine). It will also allow the de-
velopment of the clay along its strike to the north and provide
a means for mining a 5-foot bed of good coal lying about 60 feet
stratigraphically above the flint clay.

In practice, a fire is started with cordwood and the newly
mined clay is dumped on top until a long pile 15 or 20 feet high
has been built. Once ignited, the carbonaceous clay is able to
support slow combustion, finally becoming calcined to a pinkish-
gray to nearly white product that is minutely cracked, friable,
and somewhat under steel hard. It is then shipped to Renton for
use in refractory bodies.

Brook’s Bridge crosses the Green River near the center of sec.
28, (21-6 E), where some of the highest beds in the Kummer
member are exposed. The strata dip about 30° SW. and crop out
only in the immediate river bank. Most of the exposures are of
sandstone or very sandy shale, but one 8-foot bed with higher
clay content, exposed under the bridge, was sampled.

Sample No. 165 is a medium-grained gray shale. It is hard
and very sandy.

Plastic and dry properties Sample No. 165
PINBRIOII. o in s st sy Tt s Good Linear shrinkage ........4.1% wet length

Shrinkage Water ..., i:seisseiisises 5.8% Dry condition ...... Moderate dry strength
Pore Ewaber o A G e A v 1447,
Water of plastielty ..o iciiaisiieaes 20.2%;

Fired properties Sample No. 165

Cone | Color Condition

| LS89 |T.L.8Sd.L V.5%d.y. Abs, A.Por.
=== ——— == ] [ ; 1 e i ‘s
0z | Lt. pink-gray Giood, soft [Eeems i) inta st PR R A 201 5.0
(2-01 | Lt. gray-brown| Good, hard 4.4 | 5.4 12.4 13.0 25.2
1+ E Gray-hrown GoodyBH. | dsLdliasin AP P A WA R AP 0.7 19,3
4% Gray-brown Good, S H 1.5 134 .0 44 10.1
50 | Dk. gray-brown| Good, B H, | ..ciiivvvrrrlrimnrpronssslssrnsrrannns 2.0 8.6
ti~7*! Red-hrown Good, S.H. 10.4 | 14.5 28.1 2.8 6.9

Remarks: Best firing range: 02-8. Cone fusion: 13.
Class of ware: Brown structural wares. Too dark for terra cotta.
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About 1910, a large plant was built at Bayne for the manu-
facture of paving brick. Shales were well located on the hillside
above the site for gravity handling to the plant. Although
equipped with modern machinery the plant failed to turn out a
salable brick and after much fruitless experimentation it was
scrapped. For products other than paving brick these shales are
probably satisfactory and the venture shows the desirability of
thorough testing of clays before plants are designed and built.

Sample No. 173 was taken in the old Bayne quarry from one
of the exposed beds of workable thickness. It is a dark-gray
carbonaceous shale, sandy and very hard but of uniform texture.

Plastic and dry properties Sample No. 173
POTE WALED! &5l i i e 19.3%

Fired properties Sample No. 173

Cone Color Condition | L.S.d.L "lnl..sﬁed,l, V.SYdv.| Abs. | A.Por.
010 Original Weak, soft | T | I 2.3 20.3 5.9
2  Brown Good. 8.H.- R ek 16.3 9.1 18.0
-7 Gray-brown Vitreous, vesi- 0 i 5.9 3.8 7.5
cular, S.H.

Remarks: Best firing range: 04-2. Cone fusion: 7.
Class of ware: Brown structural wares. Failed commercially for paving
block fired in a continuous kiln.

Shales encountered in the Durham coal mine were used com-
mercially many years ago, but details are not at hand. A sample
of shale, taken 50 feet inside the portal, may be from the bed that
was mined.

Sample No. 174, of this shale, is a rather light gray medium
fine grained very sandy material. It is hard and contains a con-
siderable amount of carbonaceous matter.

Plastic and dry properties Sample No. 174

PIASHICIEY i oo n o e AR ek Weak  Volume shrinkage ........8.7% dry volume
Shrinkage WALET: .5 s ssesessabiaisi 4.5% Linear shrinkage ........3.0% dry length
POTE WRTRE = v s atas s sin s oeloeis i e i a Wars s 1439 Byt 110 s (b Dy e S S AR SR e S O Weak
Water of plasticity ...............00. 18.8%

Fired properties Sample No. 174

[ |
Cone Color Condition | L2 |T.L.S.%d.].| V.8.5d.v. Abs. A.Por.
06 | Lt, bMue-gray Weak, soft | -0.3 o -0.8 16.2 2.6
M | Buff-gray Good, hard | 1.8 4.8 5.4 15.4 28.9
N-1 | Dark gray Good, hard | 4.0 7.0 11.5 1Y 15,6
34* Dark gray Good, S.H. 6.4 9.4 18.0 5.7 12.4
6-7*| Gray-brown Good, S.H. .0 0.6 18.5 Z.0 b.o
124/ Brown ani Bloated and 4.0 T.0 11.5 4.3 | sS4
black | fused, 8. H.

Remarks: Best firing range: 04-6. Cone fusion: 8-9. Color poor.
Class of ware: Brown structural wares.



King County 135

In an effort to locate a reported body of good clay along the
Bix Six Spur of the Northern Pacific Railway, a large amount
of glacial clay and one shale stratum were examined. The shale,
in the NW1/4 sec. 14, (21-7 E), is over 5 feet thick and is overlain
by sandy iron-stained shale and underlain by intrusive rhyolite.
The bed strikes N. 50° E. and dips 40" SE.

Sample No. 175 is a hard sandy dark-gray shale with a uni-
form and moderately fine texture.

Plastic and dry properties Sample No. 175

P T O I I ) o Fair Volume shrinkage ....... 27.3% dry volume
Shrinkage water ........coovivsvnesns 13.7% Linear shrinkage ....... 10.19, dry length
Pore Water .......oeevivecroesrannnns 33.5% Dry condition .............. Fair strength
Water of plastlcity ... cvcovsesennenss 27.2¢,

Fired properties Sample No. 175
[

| | . |
{‘mmi Caolor Condition L.8.9%0.1 [T.1L.8.%d.) V.8.9%d.v, Ahs. A.Por,
06 | Lt. brown Weak, soft 0.0 10.7 1.8 bk 7.4
: 26.0

2 ! Red-brown Good, 8.H.- 4.8 | 14.9 18.7 1.1

Remarks: Best firing range: 03-6. Cone fusion: 8-9. Carbonaceous
material must be oxidized before the vitrification period is reached.

Class of ware: Red-brown structural wares.

Buff-firing plastic clay was reported to occur in workable
quantity in the old Hudson coal mine at Palmer Junction, but
at the time of the writer’s visit the tunnels were caved, so no
examination could be made. From the appearance of material
on the dump, such a clay exists, but its relation to the coal series
is in doubt, and its extent and continuity is unknown. It re-
sembles sample No. 379 (p. 150) and probably has similar geo-
logic relations.

Sample No. 380 is of a very sandy shale thought to be of value
by the residents which crops out along the railroad track near
Palmer Junction station. It is almost a sandstone. It is brownish
gray in color, hard and not very uniform in texture. Some parts
contain abundant fragments of carbonaceous matter.

Plastic and dry properties Sample No. 380

o1y I L < L e Very weak  Volume shrinkage ..... 2439 dry volume
Shrinkage Water ...........covvuiais 11.7% Linear shrinkage ......... 8.9% dry length
POTE  WRLED i oalinle s el ta e e 10.6%

Water of plasticity ................... 22.3%
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Fired properties Sample No. 380

Cone Color Condition L8.%d) |T.LSG%dL| V.SGdy.| Abs. A.Por.
|
L 1 LT Tl - | e
010 | Pink-brown Weak, soft 0.6 £.3 -1.7 20,8 i .7
07 | Gray-brown Weak, soft 0.8 8.1 2.4 9.7 | &
(3 | Dk. red-brown | Good hard 4.8 13.7 15.7 9.0 | 85
i | Dark brown Near vitreous, 8.0 16.9 2.2 2.8 6.2

good, 8.H.

Remarks: Best firing range: 04-6. Cone fusion: 9. Poor plastic
strength.

Class of ware: By proper treatment could be used for red-brown struc-
tural wares.

It would be out of the question to mention all the known
occurrences of shale in King County, but an effort has been made
to give some data on the more accessible deposits. To round out
the foregoing it would be well to mention certain shales which

have been measured by different investigators in connection with
other reports. These have not been sampled by the writer, but
some of the beds might well be investigated as sources of shale.

A 456-foot section measured in the old May Creek coal mine®,
in sec. 2, (23-5 E), shows shale, in beds as much as 50 feet thick,
to form about 30 percent of the exposures. A 295-foot section at
the Grand Ridge mine?, in sec. 26, (24-6 E), shows 35 percent
shale in beds up to 24 feet thick. At the Danville mine®, in sec.
24, (22-6 E), 48 percent of a measured 229-foot section is shale,
and one bed has a thickness of 74 feet. At Black Diamond® shale
forms 18 percent of a 370-foot measured section, and one bed is
58 feet thick. At the Daly mine®, Bayne, a measured section of
478 feet is 49 percent shale and individual beds are as much as
48 feet thick. At the Fleet mine® a 378-foot section shows 62 per-
cent shale and single beds up to 56 feet thick. At the Pocahontas
mine?, in sec. 23, (21-7 E), a 1,130-foot measured section shows
19 percent shale, and thicknesses up to 62 feet for individual
beds.

An extension of the Swauk formation of Chelan and Kittitas
counties occurs in the vicinity of Skykomish and covers a con-
siderable area to the southeast. As this formation includes high-
quality refractory shales near Wenatchee, the report of such ma-
terials in King County beds warrants careful prospecting.

@ Evans, G. W., The coal fields of King County: Washington Geol. Survey Bull.
3. p. 64, 1912,
@ Idem, p
@ Idem, p. 143.
@ Idem, p. 156.
® Idem, p. 190.
@ Idem, p. 194.
@ Idem, pp. 199, 200.

. 130.
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HAMMER BLUFF CLAYS

Many years ago deposits of soft, plastic clays, that were un-
usual in being buff firing, were discovered on the Green River
about 10 miles east of Auburn. The material was hauled to that
town and used for several years as a pottery body; later it was
used exclusively for terra cotta; now pottery is once more taking
most of the clay that is mined. With the possible exception of
local clays in Lewis and Wahkiakum counties this clay type is
unique in western Washington and has considerable economic
value.

These clays occur interstratified with highly argillaceous
sands in beds of distinctive appearance, characterized by the
presence of woody lignite. The name Hammer Bluff formation
has been applied” to these sediments. The sands are composed of
quartz grains in a white clay matrix and are described in detail
as samples No. 158, 159-A, 166, and 378. The clays are described
as samples No. 157, 159, and 164.

The sediments were deposited in pre-Glacial Pleistocene time
as fresh-water accumulations on a bedrock of Eocene shale and
sandstone. They resulted from the erosion of the Puget for-
mation, particularly the massive arkosic sandstones of that group.
The inherent physical properties of this sandstone, together with
later leaching of the decomposed rock by solutions rich in the
products of plant growth and decay, probably account for the
present characteristics of the clays.

" Glacral 5. s
: AR D Hammer Bluff

P S T .‘ged,‘mg;;f,’ Green
o DA e, v Fiver
A Nt
e AN e

25 e rmperrer \ UMY

Ficure 1.—Section illustrating the sedimentary seguence at Hammer Bluff on Green
River, King County.

The Eocene sediments in which the Green River Gorge is cut
decrease in elevation and disappear under river alluvium in the
vicinity of Hammer Bluff. Concordantly, the valley widens, but
the 300-foot height of the valley sides remains essentially the
same throughout, owing to an increase in thickness of glacial

i1 Glover, Sheldon L., Hammer Bluff formation of Washington (Abst.): Pan-Am.
Geol. vol. 65, pp. T7-78, 1936.
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drift bordering the valley. The Hammer Bluff sediments under-
lie the glacial deposits and make up an area of low knolls and
dissected terraces near the valley bottom. Formerly the series

was much more extensive, but only erosional remnants remain
and these commonly have an overburden of glacial gravel,
slumped from the valley sides, and Recent alluvium.

The pits of the old Auburn Pottery, later used by the North-
ern Clay Co. and now owned by Gladding, McBean & Co., are in
the SE?j sec. 28, (21-6 E) on a low bench between the county
road and the Green River. The excavation, 200 feet by 75 feet,
and 25 feet deep at the place of greatest development, exposes 6
feet of gravel and loam underlain by some 30 feet of gray clay
of which about half is below the water level. A section of the
different members follows, but there is some lateral variation.

Section from pit of Northern Clay Co.

Top of section

Feet
Gravels and JoaAm: i ces i e okl 6
Unconformity
Dark-gray clay, iron-stained.................... 2
Carbonaceons: Clay s siusin s s b s i ealos 1
Greenish-colored clay with layers of very compact
light-gray volecanic ash..................... 3
Very dark gray sandy clay containing abundant
slightly carbonized woody fragments.......... 2|
Grayclay,sandyinpart................. b NI 5
Water level }Minced
85 h At o it )R L A pe b e e B CR e =+
284

The beds strike N. 30” W. and dip 7° NE. They thin out north-
ward and finally disappear as the elevation of the underlying
Tertiary strata increases. In other directions, at no great dis-
tance from the present workings, the bench containing the clays
has been removed by erosion.

Sample No. 164 was taken above water level of the main body
of sandy gray clay showing fine to rather coarse texture. When
dry, the lumps are soft and friable, but the plasticity is good
when the material is moist.

Plastic and dry properties Sample No. 164

PRSIy . i s e e s Good Volume shrinkage .....15.6% dry volume
Shrinkage water ...........ssv0 e e 9.1% Linear shrinkage ........55% dry length
TOPE: WALEEL .. s s i R ek 19.1% Dry condition .......................Good

Water‘of plasticity ........covvcnvenss 28.29%
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Fired properties Sample No. 164

Cone Color Condition L.5.%d. |T.L8.%d.1l! V.8.%dv. Abs, | A.Por.
01-1 | Buff Good, soft | 2.3 78 6.7 10.7 33.3
4* Buft Good, 8.H.- 3.9 0.4 11,2 17.2 30.4
6 | Buff Good, 8.H. [ 6.3 11.8 17.7 11.1 27.0
12*| Buff-brown Good, S.H. | 7.0 13.1 21.1 5.9 12.0
15 | Gray and Good, 8.H. I R PP P P P B s
It. brown | |

Remarks: Best firing range: 3-15. Cone fusion: 23-26.
Class of ware: Siliceous buff-colored structural wares. Terra cotta. Buff
pottery ware if sand is removed.

As the sand content of the different members varies from
place to place, considerable care was taken in mining to get
a mixture which experience proved most usable. The upper
greenish-colored clay is red firing, from the content of iron

PLaTE 4

PIT OF THE OLD NORTHERN CLAY CO, EAST OF AUBURN.

Some 16 feet of clay was worked here. Only the upper 9 teet of this shows in the view
above water level. The upper dark colored material includes 6 feet of the same
series which was stripped with 6 feet of soil and gravel overburden. Sample No.
164 is of the lower 5 feet shown in the view.

oxide leached from the layer of volcanic dust; so the upper
members were stripped off with the overburden. The clay
was loaded by hand into trucks and hauled 10 miles to the
plant at Auburn. The terra cotta plant there is no longer
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operating, but as the process may be of interest to other users
of this clay type a brief description of it is given here.

Northern Clay Co. (out of business)—The different kinds of
clay were stored in bins at the plant, and the mixtures from
these were dried, when necessary, before grinding. From
the 6-foot dry-pan the clay was elevated to screens and then
went to the storage bins. The ground clay was tempered in
a pug mill and then aged in cellars. Before using, a second
pugging was given and the blanks were then formed for use
in the pressing shop. Drying was accomplished on heated
floors, and the usual procedure was followed in spraying. The
ware was fired in five round muffle kilns; it then went to the
fitting shop where it was prepared for shipment. Terra cotta
was the only product made.

Sample No. 702 is of ground material constituting one of the
general mixtures used for terra cotta body at the plant.

Plastic and dry properties Sample No. 702

PAABHEIET: s are st alom sk e aTere e Good Volume shrinkage ...... 32.69 dry volume
Shrinkage water .........ccivieeneins 17.7% Linear shrinkage ........12.3% dry length
PO, WaLEE: 0k L i oy a ettt 13.8%
Water of plasticity .......c.o0000i000 31.5%

Fired properties Sample No. 702

Cone Color Condition LS. L ’I',L.S,%d.l.[ VE.%d.v. Abs. A.For.
4* Lt. buff | Good, hard 1.5 13.8 4.5 14.9 7.
4 | Lt. buff Good, S H.- 5T 6.0 | 10.¢ )G 15.7
6-7* Lt, buff fiood, 8 H.- | 4.6 16.9 13.2 15 18.5
12* Speckled Good, S H. T.4 19.7 20,7 4.1 .1

15 | Spotted gray Good, S H.

huff-brown ‘ |
....................... [sessasannnas
|

Remarks: Best firing range: 05-15. Cone fusion: 23. Needs addition of
nonplastics to reduce shrinkage.
Class of ware: Used for terra cotta. Buff-colored pottery.

Sample No. 703 is also of a ground mixture used for a terra
cotta body.

Plastic and dry properties Sample No. 703

Blasticity: st Very good Volume shrinkage ......27.9% dry volume
Shrinkage Water: ... ..c.cmrenovressis 17.0% Linear shrinkage ......10.3% dry length
Pore (WAPEE it s e s el 19.47; Linear shrinkage ........84% wet length

Water of plasticity ...... ... 36.4% Dry condition ......... Tough and strong
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Fired properties Sample No. 703

Cone | Color Candition L8.9ed), |T.1.8.%d.)| V.8.5d.v, Abs, A Por
1

03 | Light buff Weuk, =oft 0.8 11.1 2.4 4.5 | 88.6

07 | Light buft Weak, soft 1.5 11.8 4.5 21.9 M.

(4*| Light buft Good, hard 4.0 13.8 8.5 16.7 31.2

02 | Deep bufl Good, hard B.7 16.0 16.0 14.7 .o 5 |

6 | Light hrown- Good, 8.H, 7.6 17.0 2 6.4 12.8
buff |

12*| Spotted bufl- Good, S.H. 11.5 21.8 30,6 2.2 | 4.0
hrown

15 | Gray and TR I e RRE | [SHEs SN O R | it ‘ ............
brown S.H.

Remarks: Best firing range: 04-12, Cone fusion: 23-26.

Class of ware: Used for terra cotta. Could be used for buff-colored
structural wares (with nonplastics) and pottery.

Sample No. 704 is representative of a third terra cotta mix-
ture that was used at the plant.

Plastic and dry properties Sample No. 704

b4 T T L o S A T 2 S e e Good Volume shrinkage ..... 20.59% dry volume
Shrinkage water ...........ccovvunes 11.0% Linear shrinkage ........ 7.4% dry length
Pore water ............cosievinnninann 13.19,  Linear shrinkage ......... 6.6 wet length
Water of plastelty .....cccvvvennvans 24.1%

Fired properties Sample No. 704

Cone | Color Condition L8951 |"l‘.].,!-i‘°,‘{:ll,l.| V.S.Gedv. | Abs. A.For.
N'I Buff s 1 i Y [ SY AU (RS | — 18.6 82,3
02 | Buff Good, hard 0.6 | 8.0 | 1.7 | 18.3 82.2
4 | Buff, Good, S.H.~ 2.1 | .5 6.2 | 12.9 23.5
10 | Brown-gray Good, 8.H. 4.1 1.5 | 1.7 10.0 195
12¢ Spotted Good, 8.H. 4.4 n.1 12.5 9.6 19.1

brown-huff

Remarks: Best firing range: 6-8 (terra cotta). Cone fusion: 23-26.
Class of ware: Used for terra cotta.

The farthest westerly known occurrence of Hammer Bluff
clays is in the low knolls just north of the Diamond Mineral
Spring, in the SW1/ sec. 21, (21-6 E). The clay showed here in
a shallow prospect pit. Drilling would no doubt prove the
clay to extend on down the valley, possibly for considerable
distance, and would give the necessary information on the
thickness of the deposit.

Sample No. 157, from this shallow opening, is a soft gray
clay, mostly stained to a yellow color and showing the effects
of surface weathering. The texture is rather fine and uniform
and only moderately sandy.
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Plastic and dry properties Sample No. 157

2F1 L A A P A AR AP P A e Good Volume shrinkage ...... 51.8% dry volume
Shrinkage water ..........c.ouvrenens 26.7%  Linear shrinkage ........ 21.2% dry length
POTE WRTEL! aiuyviaaa s g wuia s v «118% Dry condition ............... Good, strong
Water of plasticity .................. 38.6%

Fired properties Sample No. 157

[ I
Cone Color Condition | LS50 | T.LS%L V.S5dy. — Abs. | APor.
0504 Light buff-red | Some eracking, 3.2 .4 4.8 11.3 ‘ 2.6
otherwise |
good, hard [
01-1  Bright red- Some eracking, 5.5 2.7 15.7 ne | &84
hrown otherwise [
good, S.H. [ |
34* Bright Some eracking, 57 | 2039 16,2 8.4 17.7
hrown-rod otherwise [ | |
good, S.H. |
¢ Bright Some cracking, | 65 | AT 18.2 7.3 15.2
brown-red otherwise |
good, 8.H. |
12* Brown-black Vitreous, good 8.0 29.2 22.2 1.2 | 2.1
15 | Red-brown VItPeDUE: OO, | [z abciiaeuats s vassssani ) smaviereansas B0 Lot
and black S.H. |

Remarks: Best firing range: 04-10. Cone fusion: 18. Too much plastic

material.
Class of ware: Reduce shrinkage for use in red and brown structural

wares.

Hammer Bluff clays are exposed in one work pit and several
prospect pits on the Brooks property, in the NE'j sec. 28,
(21-6 E).

Sample No. 161, from the base of the hill northeast of the
house and just south of the hop drier, is a buff-colored soft
clay, and although sandy is of fine uniform texture.

Plastic and dry properties Sample No. 161

Plasticity ....cccvverersnnresisesrosnsns Good  Volume shrinkage ....... 24.2% dry volume
Shrinkage water ...........cocvv0ues 13.8%  Linear shrinkage ......... 8.8% dry length
POTe: WAET . /i aiiian it cinnss s nsisers sl 13.9% Linear shrinkage ......... 5.5% wet length
Water of plasticlty .......:ico0iiiiaas 27.9% Dry condition ........ Good dry strength

Fired properties Sample No. 161

|
Cone Color Condition L.B.%d.), |T.LB.%d.L| V.85 v, Abs. | A Por.
012  Buff-brown Weak, soft T R SR e | A A 22.6 | 5.7
0% | Lt. red-brown | Weak, soft | ..ooiiiiein. T S Bt wntein iy s S e
0808 [/ st wre e e nn S Gl 2.4 | 1.2 0.9 17.4 | 30.4
1 | Lt. red-buff Good, hard 0.8 4.6 16.5 11.8 2.5
6 | Dk. red-brown | Good, 8.H. 8.2 | 17.0 2.5 4.0 8.4
l.'.!"l Brown Vitreous, few 1.5 15.3 12.9 31 5.8

blisters, S.H.

Remarks: Best firing range: 1-8. Cone fusion: 15. Develops strength

slowly.
Class of ware: Red and brown structural wares.
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At the old hop drier, a pit 30 feet long and 15 feet wide

exposes the series to a depth of 28 feet. The beds, chiefly
argillaceous sand, strike about N. 30 E. and dip 10° NW. The
following section was measured.

Section at Brooks pit

Top of section Feet
Glacial arift, probably reworked: . il i s i v ot oo misie s se o aee 6
Unconformity
Bluigh=gray tough gritty Clay v fiv i veanm e s ey da e sl aie e g LS
Brown-stained sand s i e e s e e s (e B e e e e NS 1
Gt and COBRES B o o e e e s e e R S B e A e e S e 1
FANE B BB ol L e o e N At e R e A e e e ba 1
Grit and sand; SERTNE & 0 et e i e e e e L eal 1l gl e e VA e G 1
Light-gray clayey sand with 2 inches of gray clay and lignite at the base 2
Massive very light-gray clayey sand...........coiiiviniiirrnninesnn 5
Massive gray. clayey Sand. i s i iaemaasotmie ovibnl et sy s s T
28-+

Sample No. 378 is of the lower 12 feet of sand. It is un-
consolidated material, gray to nearly white in color, with a
moderately fine and uniform texture. The parts that are nearest
white are composed of quartz grains and a powdery kaolin.
The clay is readily washed out, leaving quartz sand, white
mica, and a very small amount of minute fragments of basalt
and black quartzite. The clay obtained by this means would
have much the same characteristics as sample No. 159 but a
somewhat higher fusion point (see sample No. 162). The sand
residue is suitable for the manufacture of glass of ordinary
white grade, if the usual decolorizers are added. For this
purpose the quartzite grains are not harmful, and the basalt
particles, as indicated by a test melt, do not contribute sufficient
iron impurity to be very objectionable. The clayey sand was
formerly mined “run-of-pit” and used as grog in certain clay
bodies.

Sample No. 162 is from an extension of the same pit and
is similar to sample No. 378.

Plastic and dry properties Sample No. 162

PIASUICIEY oovncsamoininnsasinarins Weak, sandy Volume shrinkage .......4.9% dry volume
BHNEREE. WRLBE it al s via's éisia s 2.6% Linear shrinkage .........1.6% dry length
POTe WALET 0. vrinsiana misidenis 14.1% DYy celduon o s aiaiiat Weak

‘Water of plasticity ......cciviiivinine 16.7%
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Fired properties Sample No. 162

Cone Color ‘ Condition ' L8.%d.l. |T.L8.%d.] V.8fdw. Abs, A.Por.

(2 | Very light bhuff | Granular, weak, 0.3 1.9 (LX) 17.3 35.2
| soft

4% Light buff | Granular, weak, 0.9 2.5 2.8 16.2 20,3
soft

#-7% Light gray, | Granular, weak, 1.3 2.0 4.0 12.8 3.7
nearly white | soft

10 | Light gray, Sandy, good, j.2 4.8 4.3 9.3 18.3

nearly white hard |
12* Light gray, Sandy, good, | 47 6.3 15.4 5.3 10.7

nearly white hard

Remarks: Best firing range: 10-15. Cone fusion: 23-26. Not enough
plastic material to use alone. Could use as nonplastic portion, with a more
plastic clay, for some structural wares.

This sand was mined formerly on a small scale by the
Denny-Renton Clay & Coal Co. for use at the old Van Asselt

plant as a component of their terra cotta mixture.

Sample No. 163 was taken from a prospect pit a short dis-
tance east and up the hill from the hop drier. This is a dark
bluish-gray arkose of uneven coarse texture, composed of frag-
ments of feldspar and quartz in a tough fine-grained clay cement.

Plastic and dry properties Sample No. 163

Plastiotbys G e A na Good  Volume shrinkage ....... 25.27% dry volume
Shrinkage Waler . iiicessoivimsssms 13.0% Linear shrinkage ....... 9.2% dry length
Pore WAter ...... ..c.sseessssnsnssnnss 13.3% Linear shrinkage ....... 639 wet length
WWater of DIAGHICItY . e wamnnlrimias 26.39 Dry condition .........ess04 Good, strong

Fired properties Sample No. 163

Cone Color Condition L8.%d.] T.L8.9d1 V.85%dv. Abs, A.Por.
¢1-1  Brown-buff Granular, weak, (1.8 10.1 2.7 16.5 30.3
soft
3-4* Light brown Granminar, - wenk, || s il i b S s e s ks 146.5 20.3
soft
6 | Light brown Granular, weak, 0.4 10,1 2.8 15.0 28.0
soft
124 Dark brown Granular, S.H. 1.7 10,9 A N e U
15 | Buff-brown BANAY, DUDKY ;. | recvarsnnvnn|vanrdsiy s ey 12.& Lrsineienana
soft

Remarks: Best firing range: 8-15. Cone fusion: 23-26. Weak fired body
unless high temperatures are used.
Class of ware: Structural wares if mixed with plastic clay.

Hammer Bluft is in the NE; sec. 28, (21-6 E). It is a 38-foot
face formed by the Green River impinging against a short spur
that projects from the valley side. A roadway has been graded
along the bluff and before slumping took place exposed 22 feet
of gray clay and clayey sand and 6 feet of overburden. The



King County 145

clay series strikes approximately east and dips 25°-30° N.,
though possibly involved in landslide. Below are Puget beds,
sandstone and thin shales that are exposed to a height of 10
feet above the river. The road is on the contact of the two
series.

PLATE 5

HAMMER BLUFF ON GREEN RIVER, EAST OF AUBURN.

The 4 feet of clay above the 18-inch dark, lignite layer was sampled as No. 159; the 12
feet of clay below was sampled as No. 158. Overlying these and only partly shown
in the view is 5 feet of stained clay, then 6 feet of reworked glacial drift.

Sample No. 158 is of a 12-foot bed of clayey sand, exposed
at the foot of the cut just above the road grade. It is similar
to sample No. 378 (p. 143) but is more compact, owing to the
somewhat higher clay content. The material is nearly white
in color and has a uniformly coarse texture. It is composed
of quartz sand, kaolin, muscovite, and some few grains of basalt.
When dry the lumps are so friable as to pulverize easily be-
tween the fingers.

Plastic and dry properties Sample No. 158

1 ATy o e B e e e e Weak  Volume shrinkage ....... 8.7% dry volume
Shrinkigge WAaEDr ' . sievaeens 3.69 Linear shrinkage ......... 2.3% dry length
PO R LB sy sian viialbbsend e flae s s ies 13.9% Dy O O ot s a s e ra e e Weak

Water of plastieity .................. 17.5%
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Fired properties Sample No. 158

Cone Color . Condition L.8.%d.). |T.L.8.%d.l.| V.5.9d.v. Abs, A.Por.

4 | Light gray, Granular, weak, 0.7 3.0 B2 s viaivreatedag s
near white soft

01 | Light gray, Granular; Wesky | veissinwvealssnsmsnsnens faasvavsis soe I 19.0 n.7
near white soft N 4

i~ | Light gray, Granular, soft 0.8 3.1 2.6 18.5 2.5

| near white ) )

6-7*| Spotted light | Granular, BOIt | ..ciovververfonmssonsenoalersssrneors | 158 25.1
gray

12" Spotted light | Granular, hard 1.7 4,0 5.0 12.9 2.6
gray

Remarks: Best firing range: 8-15. Cone fusion: 28-29. Weak plastic and
dry strength. Does not develop strength until late. Needs mixing with more
plastic clay.

Class of ware: No. 2 siliceous refractory.

Sample No. 159, also from Hammer Bluff, is from 4 feet of

tough gray clay that overlies the clayey sand and is separated
from it by 114 feet of woody lignite. It is nearly white in color
and is rather fine-grained, especially so when compared with
the foregoing sample. In fact, the chief difference between
the two is in fineness of grain and in the greater amount of
clay substance of No. 159 which makes it more compact.

Plastic and dry properties Sample No. 159

PLasticityr rcii s aeeame i dos et o Volume shrinkage ....... 10.9% dry volume
Shrinkage water ... o Linear shrinkage ......... 3.8% dry length
Pore Water: ot tanaa e s d 1% Dry condition ..... Moderate dry strength

Water of plasticity

Fired properties Sample No. 159

Cone Color Condition LS. |T.LS.%d.L| V.8 %ul.v. Abs. A.Por.
1

M | Light eream Weak, soft 0.9 4.7 o CTR T e LT [ranaen—
03 | Light eream RRR L BOTE S e e sis heka s [ s s et a e e bas | 18.8 33.1

1 | Light cream WERICHBOTE | s et aiten | s i sraiia s Lo Lo e et | 16.4 2.0
3-4* Light buff Good, hard 2.2 6.0 6.5 | 14.7 28.9
674 Li}gh:rs]mttml Good, 5.H. 2.8 (W] 8.2 12.7 | 23.4

n

12*| Gray-buff Good, 8. H. 34 0.2 15.2 | 82 | 174

Remarks: Best firing range: 3-15. Cone fusion: 27.
Class of ware: Buff-firing structural wares; terra cotta. Buff-colored
pottery, siliceous type.

Sample No. 160 is similar to No. 159 but is of more weathered
material from a little farther east in the same exposure. It is
somewhat stained in part with iron oxide.

Plastic and dry properties Sample No. 160

PIERHISIEr o et aif st o R PR e Good  Volume shrinkage ....... 20.9% dry volume
Shrinkage Water .......s.cccosssnses 11.6% Linear shrinkage ......... 7.59% dry length
FOVe. WAKEE b ain o4 iy s 16.2% Linear shrinkage .........6.0% wet length

Water of plasticity ........cccovivann. 27.8% DIy, CORMIEION: v ciesnnsiants aaes sqemas o Good
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Fired properties Sample No. 160

1
Cone ! Caolor | Condition LS.%d) [T.L8.9dL| V.8.%dy. Abs. | A.Por,

|

M2 | Light gray, Wenk, soft 2.3 6.7
near white |

01 | Light buff Good, hard 20.4 3.6

44* Light buft Good, 8. H.- 14.2 2%.6

& | Light bufr Good, S.H. 10,9 22.0

15 | Spotted gray Good, 8.H. Tl 1 K, Ce

Remarks: Best firing range: 01-8. Cone fusion: 27.
Class of ware: Buff-colored structural wares; terra cotta.

Between Hammer Bluff and the pits of the Northern Clay
Co. are old workings of that company. They are known as the
“upper pits” as they lie north of, and about 50 feet above, the
road. A continuation of the clay of Hammer Bluff was mined
here, but work stopped when a slide of overburden occurred.
A small exposure of sandy clay is still accessible, and the two
samples below were taken there.

Sample No. 159-A is similar to No. 158, but is an iron-stained
surface sample with coarse grains of quartz and quartzite.

Plastic and dry properties Sample No. 159-A

PIBSHICIEY oo ateiniaeoinbaini s s s 2 Bold's Fair Linear shrinkage ......... 2.7% wet length
Water of plasticity .....ccoievvivises 17.4% Doy condIon «vees v non s Fair strength
Fired properties Sample No. 159-A
Cone Color Condition L8.%d.) |T.L.8.%d4L| V.85dy. Abs, | A.Por.
| i =
012 | Pink-cream GEATMIAE, WORK, | crsicsasva] bvanvisnines fsavasesssnes | 17.1 31.2
very soft | |
01-1 | Light eream ﬁrnnilillu‘. weak, bl AR 3.9 | 16.3 30.2
50
44| Light eream Granular, weak, i R e prars 4.5 12,7 24,2
hard
6 | Light buff, Granular, good, IR || i 4.4 10.3 10.8
spotted hard
12*| Light buff, Granular, good, LT e vent 8.0 7.8 13.2
spotted hard |

Remarks: Best firing range: 3-15. Cone fusion: 28-29.
Class of ware: No. 2 siliceous refractory; buff-colored structural wares;
terra cotta.

Sample No. 160-A is from the same pit. It is of a car-
bonaceous clay underlying a stratum of woody material. Though
fine-grained, it is very sandy.

Plastic and dry properties Sample No. 160-A

T Lo e A R T A A R Good  Volume shrinkage ........ 9.3% dry volume
Shrinkage water ..........c..crernnas 4.87% Linear shrinkage .,....... 3.2% dry length
POTEINRUEE . 1. ot D arer s i i e 116% Dry condition .................... Sandlike

Water of plasticity ....vocvvrernsvanas 16.4%
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Fired properties Sample No. 160-A

Cone | | lnlor Condition L.8.%d.l. |l I H%(II \ k'(fl V. Abg. A.Por.

03-02 | Light gray, Weak, #80f6 | .oereeiens o E e e e e 154 b
near white

-1 | Lt. eream Weak, soft 1.4 1.6 1.3 14.1 2.9

H'l Lt. buft ool Bard || ciesenislnaminisinran v sinnsnsaes 13.0 4.0

6-7* Lt. buff Good, hard g8 | fi.0 8.0 10,5 2.9

?' Lt. buff Good, S.H. 4.2 74 11.9 7.8 13.6

Remarks: Best firing range: 3-15. Cone fusion: 28+.
Class of ware: No. 2 siliceous refractory; buff-colored structural wares;
terra cotta.

The easternmost extension of the Hammer Bluff formation
known in this immediate vicinity is in the SEY} sec. 27, (21-6 E)
on the south side of the Green River. Here, on the old Shor ey
property, a prospect tunnel was driven hor1zonta11y for 80
feet or so on an argillaceous sand similar to sample No. 158

from Hammer Bluff. As in the other instances, the beds lie
near the valley bottom and have only been uncovered by the
stream erosion which has cut through the 300 feet of overlying
glacial drift. Near the tunnel portal a prospect pit exposes
more of the sand to a depth of 6 feet. The total thickness of
sand and clay overlying the Tertiary bedrock is probably some
50 feet, judging by the log of the adjacent Lawson’s drill hole.
The structure of the Hammer Bluff series, here, is not known.

Sample No. 166 is taken in part from each prospect. It is
nearly white in color but contains abundant dark-brown grains.
These grains are siderite (iron carbonate) mixed with clay;
the rest of the sample is composed of quartz grains, muscovite,
and kaolin. The texture is moderately fine but not uniform.
Lumps of the material when dry are very soft and friable.

Plastic and dry properties Sample No. 166

FIABHEILY v weres s ae i a e ains bebin iatass Fair Volume shrinkage ....... 10.1% dry volume
Shrinkage water .......icicaveaaissin 5.4% Linear shrinkage .........3.5% dry length
Pore: WAVEI™ oiiiiiiea s s 14.6% ey eondiien. occicinininn s A Fair
Water of plasticity ......coiiivivenes 20.0%

Fired properties Sample No. 166

Cone Color ( ﬂllllilinu L.8. %), |T.L.S.%d.]. \ B.opdy. Abs, A.Por.

xS G VA L [ Adysins e e R | ) =T,
14 | Spotted eream | Good, hard 2.4 9 i (I | 17.0 8.0
#4* Spotted light Good, hard 3.9 T,i 11.1 14.53 | 2.3
buff | I
7% Spotted light Good, S.H. 4.7 8.2 13.6 9.4 | 18.3
buft
b

12* Badly spotted | Good, S.H. 5.8 9§

16.4 0.9 0
gray |

Remarks: Best firing range: 1-12. Cone fusion: 23-26.
Class of ware: Spotted siliceous buff-colored structural wares. Sand
and iron should be removed for terra cotta or pottery work.
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Alcorn pit—Recent work in developing these clays is on

the Alcorn property, on the north side of the Green River, near
the center of the N4 sec. 27, (21-6 E). A terrace-like area
of 200 acres or more has been left here by the river as it has
shifted to the south and continued to deepen its valley.
Throughout this irregular bench, up to 50 feet or so above the
water, the glacial cover has been removed; so that under a
relatively thin mantle of reworked glacial gravel and alluvium
is a variable thickness of the Hammer Bluff sediments and a
few high points of the older Puget rocks. Buff-firing clays
similar to those of the Northern Clay Co’s. pits are said to
have been mined here 40 years or more ago; the pits were
near the river, about opposite the Shorey place. A road cut
just east of the Alcorn house exposes 5 feet of clayey white
sand similar to that found on the Brooks place; it is overlain
by 3 feet of boulders and river wash and underlain by Eocene
sandstones and shales. The best exposed material, however,
is 300 yards or so north of the Alcorn house near the foot of
the bluff. An open cut, 40 feet above the bench, runs 30 feet
into the hill and has a 12-foot face. This shows 2 to 5 feet of
glacial gravel and hillside wash underlain by 8 feet of irregu-
larly iron-stained Hammer Bluff clay. Part of the clay is very
“fat”, and where not stained is blue when damp, but nearly
white when dry. Part is sandy, and this is banded and mottled
with concentrations of limonite. A continuation of these clays
to the east has been partly stripped of gravels over a consider-
able area and could be mined without undue difficulty. Probably
a fairly uniform product free from staining will be available
when this work is completed.

Adjacent to the open cut on the west and 18 feet lower in
elevation is another cut and a 12-foot tunnel in completely de-
composed Eocene sandstone that is being mined for molding
sand. The material is evenly buff colored and massive except
for a few thin clay-shale layers in the upper part. These
strike N. 30” E. and dip 20" NW.

Below the open cut a pit has been dug into the toe of the
bluftf for 25 feet. This exposes an 8-foot face, 25 feet wide,
of variegated plastic clays, some very low in sand, some very
sandy. The different kinds are nearly white, light blue, purple,
very dark bluish gray, and ocher yellow. One phase, dark
green in color, is apparently high in volcanic ash. The dark-
gray clay is micaceous, compact, and may be the decomposed
surface of Eocene rock underlying the Hammer Bluff clays
and upon which they all slumped, for the series here has appar-
ently been involved in a landslip.
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The Alcorn brothers mine these clays intermittently and
obtain also some Eocene shale from an old coal entry near the
east line of the NEY sec. 27, (21-6 E). A wood-fired clay drier
has been improvised to lower the high content of moisture
before the clay is trucked to the users. A much larger mar-
ket could be obtained if shipments of uniform physical properties
could be maintained. This would involve prospecting the bench
and adjacent lower hill slopes by drilling, in order to find the
extent and thickness of the series. Pits could then be dug
where the possibilities for uniform, uncontaminated material
were best.

Only two deposits of clay which can be correlated with
the Hammer Bluff formation have been found outside of the
area lying between the Diamond Mineral Springs and the
Shorey place. One is a poorly exposed erosional remnant that
occurs near the old No. 1 South tunnel at Kummer (see sample

No. 170, p. 132). The other is in the NW1} sec. 14, (21-7 E),
where lying unconformably on the Puget formation and over-
lain by glacial gravels, is a rather extensive erosional remnant
of Hammer Bluff beds. Some 30 feet of strata, covering an
irregular area about 600 feet by 300 feet or more, are exposed
by railroad cuts, old clay quarries, and prospect pits. The
beds strike N. 40°-60° W. and dip approximately 6° SW. The
predominant sediment when the pits were first opened was a
very plastic gray clay; some of this still remains, but the best
accessible material has been mined out. Occurring with it are
clayey sands and some decomposed gravels, and scattered
throughout are fragments of woody lignite. A few andesite
boulders are present in the series; they have apparently with-
stood complete decomposition because of their size.

The old Denny-Renton Clay & Coal Co. and later Gladding,
McBean & Co. found this deposit usable and mined intermit-
tently until 1936. As the beds became increasingly gritty
through lateral variation, the site has been virtually abandoned.
Further prospecting for these clays is warranted, and the old
Hudson coal mine and Kanasket vicinities might well be ex-
amined for other remnants of this formation.

Sample No. 379 is more or less representative of the Ham-
mer Bluff clays occurring near Palmer Junction, although it
was taken from a single small exposure made by a railroad
cut. It is a gray carbonaceous clay that is soft, medium fine
grained, and sandy. The component sand grains are quartz,
quartzite, mica, and some coal.
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Plastic and dry properties Sample No. 379

RIRBHIOI S e s s et s Good Volume shrinkage ....... 19.9% dry volume
Shrinkage water ............cc0vvinas 13.8% Linear shrinkage ......... 7.1% dry length
Sl N S R o e A g 11.7%
Water of plasticity ................. 25.5%

Fired properties Sample No. 379

Cone Qolor Condition | L.S.%d.1, | I'. L.h'.%d,l.! V8.5ulv. Ahs. A.Por.
o Light buff ok, ROt | (e saresawlianinsynmen | ,,,,,,,,,,,, | B e o
05 | Lt. buft Weak, soft 2.9 10.0 8.5 16.2 3.5
01 | Brown-buff Good, hard 3.4 10,5 9.7 1.7 22.6
6 | Buff-brown Good, S.H. 7.0 14.1 10.6 5.1 10.9
10 | Dark gray Vesieular, S.H. 4.1 11.2 11.6 6.0 11.8
and hrown

Remarks: Best firing range: 02-8. Cone fusion: 20-23.
Class of ware: Buff-colored structural wares, terra cotta, and possibly
buff pottery.

PUGET SOUND GLACIAL CLAYS

Glacial clay is particularly abundant in King County and
is used on a large scale for making brick and structural tile.
As the clay is common to the whole glaciated area of the North-
west and is described in some detail on pages 51/52, there
is no need to do more than generalize on the deposits, because
the broad features of one apply to all; yet peculiarities of each
make it advisable to prospect and test the individual deposit
before manufacturing from it.

These clays, under more or less overburden of unassorted
drift, underlie most of the city of Seattle. They are encountered,
sometimes in great thickness, in excavations, regrades, and street
cuts. Excellent exposures may be seen where Dearborn Street
passes under the Beacon Hill bridge and others on the west side
of Lake Union and along the Great Northern Railway tracks
south of Salmon Bay. The clays form thick beds in the bluffs
bordering the lower Duwamish Valley and have been mined
there for many years. They crop out abundantly along the
shore of Puget Sound and along Lake Washington, Lake Sam-
mamish, and in the valley sides of most of the rivers and streams
of the county.

Three of the five common brick vards of Seattle and one
plant making flower pots use clay from pits in the steep basal
part of the bluff on the west side of the Duwamish Valley. The
excavations show sand and a few gravel lenses, but the bulk
of the material is horizontally stratified bluish-gray clay. Lateral
variation is the rule; fine, unctuous clay commonly grades into
sandy clay and silt, thus making considerable diversity in an
apparently homogeneous mass.
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One of the plants of the Builders Brick Co. is located here,
at 7117 West Marginal Way, Seattle. The pit, immediately in
the rear of the plant, is worked as a quarry, the clay being caved
onto a tunnel trap in which the cars are loaded. The clay stands
well and gives little trouble from slumping, making a clean,
easily worked pit. There is practically no overburden to con-

PrLATE 6

GLACIAL CLAY IN THE BUILDERS BRICK CO. PIT, SEATTLE,

The contact is well marked between an upper 30 feet of sand and a lower 60 feet of
exposed clay in the 90-foot face. Sample No. 390 is of the clay-sand mixture as
used in the plant. (See p. 135.)

tend with, and the 50-foot or so face of clay shows but little
variation in texture. Underlying the clay is 15 feet of sand
which is mined and used to “open up” the clay body.

Sample No. 385 is a mixture of sand and very “fat” bluish-
gray glacial clay as used at the plant.

Plastic and dry properties Sample No. 385

Plasticlby .. et e w s o s Good Volume shrinkage ...... 2219, dry volume
Shrinkage water .........ciciiivaie 13.1% Linear shrinkage ......... 8.0% dry length
Pore Water .........crseassvnssnsanes 21.1%

Water of plasticity .........covuvinen 2%
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Fired properties Sample No, 385

| 7
Cone Color | Condition L.8. "Xrtl L[ l B0dL| V.8 9ed.y. Abs, A.Por.
07 | Lt, red-brown | Good, hard 1.2 9.2 34 16.3 8.8
€5 | Buff-red Giood. hard, 3.5 13.5 15.7 14.4 27.9
light seum
2 | Dk. red-brown | Vitreous surface, 1l 19.1 2.6 0.3 0.6
good, S H. |

Remarks: Best firing range: 07-02. Cone fusion: 2. Could stand more
sandy clay for reduction in shrinkage.
Class of ware: Now in use for common red-brown brick and tile.

Builders Brick Co. (formerly, Puget Sound Brick and Tile
Co.)—In practice, the clay is mined by trenching into the hill
and dragging the clay by a harrow-like device to a car which
transports it to the plant at a level allowing for gravity handling.
It is passed through two sets of rolls to a combination pug mill,
auger machine, and rotary cutter. The output is about 30,000
per day. The brick are trucked to the open-air drying yard,
where drying is complete in two weeks in favorable weather.
An auxiliary hot-room, with a capacity of 15,000 brick per day,
is also used. Firing is in a continuous rectangular kiln with a
capacity of 320,000 brick. The plant is temporarily closed, but
when operating makes common and rough-textured face brick.

The Abrahamsen Brick Co. is at the foot of the same bluff
but farther north, at 5000 West Marginal Way, Seattle. Here
the bank has been worked to a height of about 100 feet and has
been undermined by old workings until the vast amount of
sliding clay mixed with trees and overburden makes difficult
and disagreeable operating conditions. The clay is similar to
that of the yard mentioned previously but, under the circum-
stances, reaches the plant with varying sand content and often
with troublesome pebbles.

Sample No. 386 was taken of their general mixture.

Plastic and dry properties Sample No. 386

Pty oo s i i s S s e Good  Volume shrinkage ....... 18.7% dry volume
Shrinkage Watel'. v isahsi et 9.5% Linear shrinkage ......... 6.7% dry length
PO WHLT . o e e L e ey 14.5%
Water of plasticity............coiauis 24.0%

Fired properties Sample No. 386
|

Cone Color Caondition LS.gad.L [T.1.8.%d. I V.8.9d.v. Abs, A Par.
010 | Buff-brown | Weak, soft 0.0 0.7 0.0 16.2 0.1
o | Bufl-red Giood, hard, 2.5 9.2 T4 14.9 20.3

light seum
Red-hrown Good, S H. 6.7 12.4 16.2 .0 15.6

] |

Remarks: Best firing range: 07-02. Cone fusion: 2.
Class of ware: Now used for common structural wares.



154 Clays and Shales of Washington

Abrahamsen Brick Co.—In practice, the clay is mined by
power shovel and carried by trucks the 100 yards or so to a
hopper-bin. A conveyor belt under the hopper carries the clay
the rest of the short way to the plant. There it passes through
three pairs of disintegrator rolls to two combination pug mills,
auger machines, and automatic rotary cutters. From off-bearing
belts the brick are taken on single-deck drier cars to a 12-tunnel
direct-heat drier. In 32 hours they are ready for firing. A con-
tinuous ring kiln is used, with 400,000 capacity and a turn-over
of 3 weeks. “Burlap” and common brick are the only products
made.

Still farther north, at 4201 West Marginal Way, Seattle, is
another plant of the Builders Brick Co. This operates under
much the same conditions as the others and the pit is almost a
duplicate of that of the Abrahamsen yard.

Sample No. 391 was taken of their working mixture.

Plastic and dry properties Sample No. 391

Plagticityrs /i s v s e s Good Volume shrinkage ....... 17.3% dry volume
Shrinkage Water: ......vcesesessesoses 9.8% Linear shrinkage ......... 6.1% dry length
Pore Water ...........ceveieunnnsnens 18.9%
Water of plasticity ....covvevenenarea 28.7%

Fired properties Sample No. 391

Cone Color Condition L.8.9%d.). |T.L.8.%d.1.] V.8.5:d.v. Abs, | A/Por.
| ~ FE A Al it Tl -
010 | Buff-brown WaRle RBtE i s b e S | 205 | .5
06 | Buff-red Light seum, 0.9 7.0 2.7 19.4 | .5
good, soft |
02 | Dk. red-brown | Vitreous, 9.5 15.6 2.0 1.6 1 4.1
good, S H. | |
2 | Dk. red-brown | Glazed, badly 4.5 06 | 12,9 6.0 | 0.0
stuck, S.H. |

Remarks: Best firing range: 05-02. Cone fusion: 3-4.
Class of ware: Now used for red-brown structural wares.

Builders Brick Co. (formerly, Lohse Brick Co.).—In practice,
the clay is mined by power shovel and conveyed in end-dump
cars 100 yards to the plant. There it goes by conveyor belt to a
rotary drier and then to a 9-foot dry-pan. After screening, the
clay passes through a combination pug mill, auger machine, and
rotary cutter. The brick are dried on cars in a 13-tunnel steam-
heated drier. After 48 hours they are ready for the continuous
ring kiln which is used here. The plant is temporarily closed,
but when operating has a capacity of 10,000,000 common and
rough-textured face brick per year.

The Seattle Pottery & Tile Co. is located at 4501 West Mar-
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ginal Way, Seattle, just north of the old Lohse yard, and obtains
its flower-pot clay from the same bluff. Springs and slide ma-
terial are much in evidence here, but care has been taken, with
some success, to keep the original strata intact and usable. No
sample of the clay was taken, as it is similar to any of the more
plastic glacial clays. For tile, the company buys Hammer Bluff
clay from the Alcorn pits.

Seattle Pottery & Tile Co.—The glacial clay is washed to
remove rare pebbles and any coarse sand. The process is simple:
after mining by pick and shovel, the clay is wheeled to a log-
washer where it is blunged with water. The resulting slip is
screened and then flowed in troughs to open-air settling vats.
These have a 300-ton capacity, but their output is contingent
on the weather. It is the intention of the company to wash,
dry, and store sufficient clay in the summer months to last
through the winter.

At the plant the clay is tempered in a soak-pit, from which
it is put through a pug mill with a die for making rolls. These
rolls of clay are wire-cut, thus making thick disks or blanks
which are formed under pressure into flower pots on the power
machines. Various sizes of mantel and some quarry tile are also
made on the pug mill auger machine (but from other clays)
by changing the dies. There are two flower-pot presses for 2-
to 6-inch pots, one for 6- to 12-inch pots, and two jigger wheels
for special work. The ware is dried on racks in a hot-room
and fired in two horizontal-draft semimuffle rectangular kilns
(10 feet by 8 feet by 5 feet) and one circular 12-foot kiln. Coal
is used for fuel, and a burn reaching cone 07 is completed in
about 60 hours. The capacity of the plant is about 1,000,000
flower pots per year (on a 4-inch basis) and 250,000 tile.

Bluffs, the counterpart of those on the west of the Duwamish
River, border the east side and are formed of similar glacial
clays and sands. Two plants here use the glacial clay for brick
and structural tile, and two others manufacture flower pots.

The Builders Brick Co., at 9th St. S. and Charleston Ave.,
have a quarry type of pit, where the clay is exposed to a height
of about 60 feet. It is overlain by 30 feet of sand and a small
amount of scattered gravel, but much of this was removed by
hydraulicking for filling the Duwamish tide flats. No stripping
is employed, the clay being allowed to cave by undercutting.
Naturally, some overburden caves also, but much of it is used
in the brick mixture, and the excess is thrown to one side so as
to expose the clay once more. (See pl. 6.)
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Sample No. 390 is of the general mixture as used here and
was taken after the clay had been put through the rotary drier.

Plastic and dry properties Sample No. 390

PAASEICITSE Y, S o T N T, A e e Good  Volume shrinkage .......16.8% dry volume
Shriikage Water wolonnnminnrsis 8.1%  Linear shrinkage ......... 5.9% dry length
Pore water o bl e ...121%  Linear shrinkage ......... 4.5% wet length
Water of plasticity ...........o0i000 20.2%

Fired properties Sample No. 390

Cone| Color Condition L85 |T.L8.%d ) V.8.5%dy. | Abs. A.Por,
— = _ e
010 | Buff-brown Weak, soft 0.1 5.8 -0.3 17.8 3.6
07 | Lt. red-brown | Weak, soft 0.1 6.0 0.3 15.9 2.2
(M* Dk. brown-red | Light scummed, 2.7 R.6 7.8 10.0 0.2
good, SH.
(2 | Dk. red-brown | Light scummed, 6.2 2 | 1A T4 18.0
good, S.H.
01 | Dk. red-brown | Light scummed, 7.9 15.8 7.8 1.3 | 3.1
vitreous,
good, S.H. |
2 | Dk. red-brown | Light seummed, 8.1 40 | 23 0.4 1.0
glazed lightly,
stuck, S.H.
f-7* Red-hrown- Fused, S.H. 2.0 5.8 24 1.0 2.6
black |

Remarks: Best firing range: 06-01. Cone fusion: 5.
Class of ware: Used for red-brown structural wares, common and face
brick, and tile.

Builders Brick Co.—At this plant clay cars are filled by
power shovel or clam-shell bucket, hauled up an incline, and
dumped into a hopper. The clay is drawn from there by ma-
chine feeder to a coal-fired rotary drier of 200-ton capacity. It
is then elevated to a 10-foot dry-pan for grinding, after which
it is elevated to automatic screens and again elevated to a storage
hopper holding enough for 3 days’ run. A deairing pug mill,
tile auger machine, hand cutter, and off-bearing belt are used
for making hollow block, drain tile, and similar ware; the
capacity is 100 to 200 tons in 8 hours. A separate line of ma-
chines, including pug mill, auger machine, and 18-brick auto-
matic cutter, is used for brick; the capacity is 8,000 per hour.
A 24-tunnel drier, heated by oil or by waste heat from the kilns,
is used for all ware. Firing is in five 30-foot round down-draft
kilns and one 16-chamber continuous kiln. The time of firing
varies with the product but is about 4 days, including 18 hours
of water smoking. The various products made are: common
brick, rough-textured face brick, smooth red brick, radial
chimney brick, and all sizes of drain tile and hollow structural
block. The capacity of the plant is from 30,000 to 40,000 tons
of diversified ware per year.

The Seattle Brick & Tile Co.—The plant of the Seattle Brick
& Tile Co., at 9th St. S. on Andover St., Seattle, is immediately
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south of the Builders Brick Co., and their pit, except for minor

differences due to lateral variation, is the same as that of the
other yard. The clay is mined by clam-shell bucket, dropped
into a tunnel, and carried by conveyor belt to disintegrator rolls
at the plant. From there it goes to a rotary drier, a 9-foot dry-
pan, and, after screening, to a storage bin. Two complete lines
of machines are used, one for tile and hollow block and one for
brick. Each includes a combination pug mill, auger machine,
and rotary cutter. The ware is dried in a 24-tunnel waste-heat
drier and is fired in two 30-foot down-draft kilns and two
2- chamber Hoffman kilns. Wood is used for fuel in the periodic
kilns and both coal and wood in the continuous kiln. Water
smoking requires 12 hours and the actual firing from 214 to 3%
days. The capacity of the plant is about 45,000 brick or their
equivalent per day, the various products being common brick,
rough-textured and other red face brick, and all sizes of drain
tile and hollow building block.

Northwest Pottery Co.—This plant, at 3320 Airport Way,
Seattle, is at the foot of the bluff just north of the brick yards,
but at present is using glacial clay that has been washed by old
hydraulicking operations out into the valley. The clay is scraped
up, hauled by truck to the plant, and stored. From the stock
pile the clay goes to a pug mill and auger machine where blanks
are formed ready for the power press. Flower pots, the only
product, are made in sizes from 1 to 14 inches, using the press
and a supplemental jolly wheel. The ware is dried in a hot-
room (utilizing some waste heat from the kiln) and fired in an
8-foot by 10-foot rectangular coal-fired kiln. Twelve hours is
allowed for water smoking, and the burn is completed in 3 days
at approximately cone 010. The output is about 60,000 flower
pots per month.

Washington Pottery Co.—This pottery is located a few blocks
south of the brick vards at 809 Snoqualmie St., Seattle. The
glacial clay used is partly from a favorable quarry site on the
west side of the valley, near West Michigan St. just above West
Marginal Way, and partly from clay that has been washed onto
the valley floor by old hydraulicking operations. It is brought
by truck to the plant and put through a log-washer and screen
and then allowed to dry to the proper plasticity in vats. Flower
pots are the only product; the 1- to 8-inch sizes are made on a
power press, and the 8- to 14-inch sizes are turned out on a
jigger wheel. The ware is dried for 2 days in a hot-room and
then fired in an 8-foot by 10-foot rectangular up-draft kiln, a
burn to cone 010 being completed in 80 hours. The capacity
of the kiln is 25,000 flower pots of 4-inch size, and approximately
one kiln per month is fired at present.
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Potlatch Pottery, Inc.—The Potlatch Pottery, at 1401 Dex-
ter Ave., Seattle, is not at the present time using clays from the
State but imports Georgia and Oregon material. Casting, press-
ing, and hand turning are used in making the rather diversified
line of glazed art ware and tableware. Firing is in an 8-foot
muffle-type down-draft kiln that is coal fired.

Glacial clay is used for common red-fired ware by the Bothel
Brick and Tile Co., at Woodinville, a station on the Northern
Pacific Railway near the north end of Lake Washington. The
pit is in the low, sloping hill forming the south side of Samma-
mish Valley and has been worked for many years. The working
face is from 15 to 25 feet high and is mostly in broken, mixed
material, because of the tendency of the clay to creep forward
on the slight slope. Part of the material is sandy and part is
very “fat”. No overburden is present, but occasionally large
boulders must be removed. Weathering has produced a gen-

eral buff color and a shalelike separation along bedding planes
in all except the bottom clay, where the original blue-gray color
is preserved.

Bothel Brick & Tile Co.—This plant was inoperative in 1940.
When the plant is in operation, the clay is dug by hand and
taken 200 feet to the plant by car. There it is elevated, passed
through rolls, pug mill, and auger machine. A 6-tunnel steam-
heated drier is used which limits the capacity of the plant to
12,000 brick per day. The ware is fired in two 30-foot round
down-draft kilns and two scove kilns. The product is 3-, 4-, and
6-inch drain tile, and common brick. The average yearly run,
of 8 or 9 months, is about 850,000 brick and 100,000 tile.

Two potteries are located at Auburn. One makes only flower
pots, from a gray silty glacial clay that is mined from the bluffs
bordering Puget Sound northeast of Tacoma. This quarry-pit,
near Lakota, is 120 feet long, has a 22-foot face, and an over-
burden of soil and gravels about 4 feet thick. The clay is mined
by hand and trucked to the plant. The other pottery uses clay
of the Spokane-Clayton lacustrine type from the Sommer pit,
east of Chester, Spokane County.

Auburn Pottery Co., Inc.—This pottery is on the highway,
one-half mile north of Auburn. Glacial clay from their Lakota
pit, with a little Hammer Bluff clay (from the Alcorn pit) added
to improve plasticity, is allowed to slake and is then washed in
a blunging machine and flowed as a thick slip to open-air drying
vats. The drying clay is scored, so that it finally cracks into
regular-sized blocks used for blanks on the power press. Flower
pots of 1- to 8-inch size are made on the press, and those 8- to
12-inches in diameter are turned on a jigger wheel. The ware
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is dried in a coke-fired hot-room and fired in a 12-foot round
down-draft kiln. About 150,000 pots of assorted sizes are made
per year.

Lange Pottery.—The Lange Pottery, 510 So. A St., Auburn,
uses clay that is shipped in from the Sommer pit east of Chester,
Spokane County. The clay is prepared in a soak-pit and 3-foot
chaser-mill; a little barium carbonate is added to stop scumming.
The ware is shaped on either a throwing wheel or jigger wheel
and dried in a hot-room or, in good weather, out-of-doors. Fir-
ing is in a 10-foot muffe-type down-draft kiln. The product
consists of glazed and unglazed ware of various kinds, including
vases, garden pottery, some tableware, but principally ovenware.

The characteristics of the Puget Sound glacial clay are suffi-
ciently indicated by the many samples examined to make un-
necessary the further sampling of the innumerable deposits. It
was thought, however, that some of the occurrences in the valleys
of the Cascade Mountains might have individuality, although
their appearance is almost identical with the clays of lower
altitude. That they closely resemble the others in physical
properties and show the remarkable similarity of all glacial
clays is seen by the following tests.

Sample No. 5 was taken about 10 miles southeast of North
Bend on Highway No. 10, where for 3 miles the road lies on an
old valley filling of well-stratified, horizontally bedded clay.
The weathered material is buff colored; the unweathered is blue
and bluish gray. The sample is a fine, powdery silt not unlike
the great beds occurring along the rivers of northeastern Wash-
ington, but the texture is less uniform.

Plastic and dry properties Sample No. 5

PIasteitar i e v e Weak Volume shrinkage ....... 497 dry volume
SHhrinEKags: Wolter . s ivsessieiimedess 2.1% Linear shrinkage........,. 16% dry length
Pore Water ............c.cooevvecnrnnns 22,29 Dry condition ...........ciciuiiinnunn Weak
Water of plasticity ......ccovvuvnvennn 249%

Fired properties Sample No. 5

Cone Color Condition L.5.%d.1. 'I'.l,.H,',’-},LI,I.! V.8.59d.v. Abs, A.Por.
010 Buff-brown Weak, very soft 0.0 | 1.6 0.0 22.0 7.6
8 | Buff-brown Weak, slight 0.1 1.5 0.4 | 24 5.3

seum, very soft
01 | Red-brown, Near vitreous, 9.3 10.9 25.4 2.0 4.6
black EiH,

Remarks: Best firing range: 04-01. Cone fusion: 3. Unbalanced dry
condition. Dry pore space too high.

Sample No. 6, taken in the same locality, represents the
greater mass of the sedimentary beds and occurs interstratified
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with the more sandy layers. The material itself is thin-bedded
and is made up of dark bluish-gray clay that is very “fat” and
free from grit, and a smaller amount of a lighter-colored sandy
phase. A “run-of-pit” mixture of the sandy (sample No. 5)
and plastic phases would doubtless be suitable for ordinary red-
fired structural ware.

Plastic and dry properties Sample No. 6

152Vl o S e o S S S o i Good  Volume shrinkage ....... 38.9% dry volume
Shrinkage water ...........civiinie 2109%  Linear shrinkage ........ 15.2% dry length
e b T e R e L 17.39,  Linear shrinkage ......... 8.4% wet length
Water of plasticity .................. 383% Dry condiflon o o dic Rl Good

Fired properties Sample No. 6

Cone Color Condition ‘ L.8.9d.1. I'!‘.l.-‘ﬁ.ﬁkéil.l‘. V.5.9%dv. |  Abs, A.Por.
| e | T MRl | oo W W I .l
| [
08 | Buff-brown Good, bard | 1.0 16,8 4.7 19.3 8.5
05 | Lt. brown-red | Good, 8.H.- 5.5 20.7 15.5 15.4 2.9
02 | Dk. red-brown | Vitreous, ‘ 11.1 26.8 2.6 0.5 2.6
good, 8. H.
2 | Dk. red-brown | Slightly 10.8 26.0 29.0 1.4 2.9
vesicular, S.H.
#-4*| Red-brown, Vesiculur, | 10.2 25.4 27.7 (X1 1.0
black fused, S.H.
-7* Red-brown, Vesicular, | 1.4 1.6 4.2 0.6 1.0
hlack fused, S.H. |

Remarks: Best firing range: 06-02. Cone fusion: 3-4. Needs mixing with
a sandy clay to counteract high water of plasticity and dry shrinkage. See
Nos. 365, 376, 385, 386, 388, 389, 390, etc.

KITSAP COUNTY

Kitsap County, in the central part of the Puget Sound basin,
is a rolling to moderately hilly region of 371 square miles. Gla-
cial deposits form a thick covering over the bedrock at all but
a few places in the county. Judging from the outcrops that
are available, the southern region is largely underlain by basaltic
rock and the northern part by a continuation of the Oligocene
sediments of Jefferson and King counties. The basalt has con-
tributed nothing to the clay resources, but the Tertiary beds
contain many thick shale members which may prove to be of
use.

SHALES

Marine fossiliferous shales, with predominant sandstone and
conglomerate, are well exposed at the south end of Bainbridge
Island. The south shore of Blakeley Harbor shows some 2,400
feet® of brownish-gray shales in one-half mile. The formation
is exposed along the shores of Washington Narrows, but the

(1) Weaver, C. E., The Tertiary formations of western Washington: Washington
Geol. Survey Bull. 13, p. 182, 1916,
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most complete section is on the south shore of Rich’s Passage
between Orchard Point and Point Glover. Here, a stratigraphic
section of 7,715 feet of beds, measured by Weaver®, shows that
shale forms 45 percent of the series and that individual members
composed predominantly of that rock are as thick as 900 feet.

All exposures occur in sea cliffs and generally at the seaward
edge of low wave-cut terraces. In the present beach and low
cliffs bordering these terraces, the strata dip to the north at
variable angles ranging from 23° to 60° along Rich’s Passage.
The overburden of glacial drift may increase in the hills a short
distance back from the beach, but the areas destitute of gravel,
or covered by only a moderate thickness, are extensive enough
to warrant the careful investigation of some of the thicker
shale strata.

An apparently commercial deposit of shales a mile southwest
of Point Glover, probably a continuation of upper beds at Rich’s
Passage, was tested but showed disappointing fired properties.

Sample No. 375 is a dark-gray sandy shale that is rather
hard. The texture is moderately fine and uniform. When
weathered, this material becomes a much lighter gray and then
changes to a yellow and dark-brown color.

Plastic and dry properties Sample No. 375

A e e s e s e AT ts e oA e e Good Volume shrinkage ...... 21.0% dry volume
Shrinkage water .......i.ccivivveines 1447 Linear shrinkage ........ 7.5% dry length
POTE  WAYBR! e i dasiersu st 30.0%
Water of plasticity ... icciiiesviees 4447

Fired properties Sample No. 375

| |
Cone| Color | Condition LS9l [T.L8.9%d] V.8.5uLy. Abs, A.Por.

8 | Red-brown | WAk ROLE; BRUM| 5 eicosvass milvpbdatt sl dmrid brad ey 82.5 .0

06 | Lt. red-brown | Weak, soft 4.7 12.2 14,5 23.0 078

01 | Dk. red-brown | Vesienlar, 5,2 0.7 29, ¢ 12.4 4.5
bloated, soft

1| Dk, red-brown | Swelled. =144 .9 5.2 17.6 15.1
vesicular, hard.
stuek very

badly

Remarks: Best firing range: 04-03. Cone fusion: 2-3. Very short firing
range due to bad bloating.

Class of ware: Not suitable for commercial wares.
@ Op. cit,, p. 189.
—8
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PUGET SOUND GLACIAL CLAYS

The glacial deposits of the county include clays and sands
that commonly have great areal extent and thickness. Well-
stratified blue glacial clay containing some sandy phases occurs
near Port Orchard and was formerly worked for common brick.
This yard was 15 miles west of town on tidewater. Other
deposits, conveniently situated, are available whenever their
development is warranted.

A great body of clay occurs at Harper, where the Harper-
Hill Brick & Tile Co. operated for many years. The pit was
one-fourth mile southwest of the plant in a hillside location.
In the working face, for 10 feet or so under the top soil, is a
weathered buff-colored sand containing some gravel; from this
to the bottom of the pit, about 40 feet, is horizontally bedded
blue-gray clay. There are variations in texture, but most of

the clay is very plastic—so much so, in fact, that the upper
sand is a necessary addition to improve the working and firing
properties.

Sample No. 376 was picked from the smooth, very plastic
material near the pit floor. This clay is dark blue when damp
but dries to a rather light bluish gray. It has the silty appear-
ance common to glacial clays, though it differs from any such
clay yet observed in being free from grit even when tested
between the teeth. The dried material is compact and very
brittle.

Plastic and dry properties Sample No. 376

PIASHCIEY, . cvi o ais mheta s s stalsissiams o Good  Volume shrinkage ....... 12.6% dry volume
Shrinkage water .........cccecevanes 12.6% Linear shrinkage .........4.4% dry length
Pore WRIeE . s G e 26.3% Linear shrinkage .........7.7% wet length
‘Water of plasticity ..........o00000.0 38.97%

Fired properties Sample No. 376

Cone Color | Condition | L.B.9%). |T.L8.%d) V.5.0%dv. Abs. A.Por.
010 | Brown-buff Soft 0.5 4.9 1.5 17.5 0.5
08 | Brown-buff Good, hard 1.5 5.9 4.5 16.5 35.8
04 | Dk, red-brown | Good, S.H. 7.5 1.9 | 209 7.0 16.6
(2 | Red-brown Vitreous, near 12.3 16.7 2.6 0.5 1.1

and black fusion, S.H.

Remarks: Best firing range: 08-02. Cone fusion: 2. Needs more non-
plastic material to cut down the firing shrinkage.

Class of ware: Red-brown structural wares, after treatment.

Sample No. 377 was taken of the general mixture as used
at the plant.
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Plastic and dry properties Sample No. 377

Plastbity: -nu o r e e o Good Volume shrinkage ...... 16.7% dry volume
Shrinkage water .........cccoievenans 9.29, Linear shrinkage ......... 5.9% dry length
PO WRLET iy eivrain e ey A el 18.89,
Water of plasticity ...iicemviavinenes 28.0%

Fired properties Sample No. 377

|
Cone | Color | Condition L.8S.9%d.). |T.L.B.%d.L! V.8.5d.v. Abs, A.Por.
| [
010 | Buff-brown Weak, soft 0.3 6.2 0.8 16.7 31.5
05 | Lt. brown-red | Light seum, 4.0 | 9.9 11.4 15.3 0.8
good, hard
2 Red-brown Light =eum, 7.8 13.7 21.5 3.2 T:5
good, S.H.
2 | Dk. red-brown | Fuosed, 8.0 | 13.9 221 1.6 3.6
| stuck, S.H.

Remarks: Best firing range: 06-02. Cone fusion: 3-4.
Class of ware: Red-brown structural wares. Formerly used for com-
mon brick, Dennison tile, and some face brick.

KITTITAS COUNTY

Kittitas County has an area of 2,329 square miles in the cen-
tral part of the State between the summit of the Cascades and
the Columbia River. The western part of this county lies in the
mountains, where many different rock types are represented.
The older rocks of this area are metamorphic and igneous varie-
ties which, so far as known, are valueless in themselves for
ceramic use. They have, however, furnished material for very
extensive and thick Eocene sedimentary deposits that occur
here and in adjacent areas to the north. Throughout the east-
ern part of the county, the Columbia River basalt predomi-
nates, though interbedded with it in some places and overlying
it in others are Miocene and more recent sediments. Detailed
descriptions of the various formations are given in several pub-
lications.”

From the character of the original rocks and the fresh-water
nature of the derived sediments, it would be expected that some
of the Tertiary shales would prove to be of economic value.
Unfortunately, many of the strata are thin-bedded, rendering
mining difficult; but massive beds exist, and outcrops could be
located by careful prospecting. The folding and tilting to which
all these strata have been subjected (except, possibly, parts of
the Ellensburg beds) also add to the cost of development, but

(@ Smith, George Otis, U. S. Geol. Survey Geol. Atlas, Mount Stuart folio (no. 106),
p. 3, 1904,
Smith, G. O., and Calkins, F. C,, U. 8. Geol. Survey Geol. Atlas, Snogualmie folio
(no. 139), p. 2, 1906.
Saunders, Edwin J., The coal fields of Kittitas County: Washington Geol. Survey
Bull. 9, pp. 24-31, 1914,
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high-grade shales could be profitably handled as in King and

other counties.

The Swauk formation, of Eocene age, consists mainly of sand-
stone, although interbedded with this and conglomerate are beds
of shale, usually dark colored and carbonaceous. These beds in
Kittitas County are too far from a railroad to be of importance
now, occurring as they do in the mountainous northwestern part
of the county, but extensions of this formation in Chelan and
Douglas counties have proved valuable for high-grade refrac-
tory shales. (See pp. 61, 85.)

The Naches formation, practically contemporaneous in age
with the Swauk series, is an interbedding of sandstone, basalt
flows, and a subordinate amount of shale. A small outlier of this
formation crops out near Easton, but the main body, with a
stratigraphic thickness of some 4,000 feet, is exposed in the high
country of the southwestern border of the county.

Probably the most usable shales occur in the Roslyn forma-
tion of upper Eocene age. Beds of sandstone and subordinate
shale cover an estimated area of 140 square miles in the district
to the north of Roslyn and Cle Elum. There are approximately
3,500 feet of these sediments, and they contain several commer-
cially valuable beds of bituminous coal. The shales are fine-
grained, grading into coarser, sandy phases, and vary in color
from gray to almost black. The accessibility of the region and
the possibility of mining shales with the coal make the district
an attractive one in which to prospect.

Apparently good shales are reported from the Manastash
formation of late Eocene age. These beds are exposed in an
inaccessible region west of the headwaters of Manastash Creek,
but outliers may occur nearer transportation. Many of the
shales are fine-grained, and some are very light in color. The
beds are associated with coal and may be part of the Roslyn
series.

The Guye formation, of Miocene age, differs in many respects
from other Tertiary sediments. It occurs high in the Cascades
northwest of Lake Keechelus, extends over into King County,
and covers an area of about 25 square miles. Sedimentary ma-
terial, interbedded with andesite and rhyolite, makes up the
formation, and shales are fairly abundant. Some of the latter
are soft and fissile, but others are so indurated as to be classed
as argillite. In color, these shales range from gray green to
nearly black. Part of the formation is contiguous to the Chicago,
Milwaukee, St. Paul & Pacific Railway and so is accessible if it
should prove to be of value.

The Ellensburg formation, laid down on the Columbia River
basalt, and in part interbedded with it, occurs at a number of
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places in the eastern part of the county and in scattered areas
to the south. It is mainly alluvial material—loose conglomerate,
soft impure sandstone, volcanic ash, and silty clay—that was
deposited along streams and in lakes of late Miocene time, and
was covered in some places by later basalt. On the whole, the
formation is rather barren of high-grade clays, but some usable
beds exist, such as have been developed in Yakima County, and
doubtless others will be discovered as markets in the region
improve. -

One of the valuable mineral resources of central Washington
is nearly snow-white diatomite (diatomaceous earth), which
forms thick beds in Adams, Benton, Grant, Kittitas, and Yak-
ima counties. For many years companies have been engaged
intermittently in mining this material. The workings are prin-
cipally in Kittitas and Grant counties, and in both places diffi-
culty is caused by an overburden of basalt and clay. Since all
of this must be handled in stripping, any utilization of the clay
would be very advantageous. Tests for ceramic use were not
encouraging, but there is a possibility that the clay may have
properties of fuller’s earth.

A sample was taken from the overburden of the pit of the old
Majestic Diatomaceous Earth Co. on Squaw Creek, 11 miles
southeast of Wymer. It is characteristic of most clays found in
connection with diatomite, though at some deposits the clay is
more compact and brittle. Several beds occur here, as indi-
cated in the following section.

Section of Squaw Creek diatomite deposit

Feet
VORI o1 5 62010 6 Saroh s oo i o o AT S L S o S o S A b o T s o S Tal e 5 S Hi s e T Aty 1+
1770 T (P D R o S S S e o SRS T g e B 2
Imnpare AIatomite: oaci e e i e e e S e A el ek e A A 2
SETION CHRY s 5 aress oo 4 oTs esiTelae Vs tata [SaTs ce Dire i a1 e ohe’ Ko u1 s e e AT A e S e 2
Light-buff clay. (Sample No. 6=A). ... cvvirirernssernssesecrasans 5
White diaboraite:: . o i amiie c ol i e S e e R vt ) 10-12
Light-buff clay, as above (thickness unknown).............. el s P

244

Sample No. 6-A is very light buff in color, being darker when
damp, and the texture is uniform and fine. It is loose and poorly
consolidated, so the apparent specific gravity is low for clay, and
the material powders easily between the fingers. This charac-
ter apparently results from the inclusion of a less altered stratum
of volcanic ash. Some silt and sand were deposited with the
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ash, but the ash-laden water appears to have been inimical to
the growth of diatoms.

Plastic and dry properties Sample No. 6-A

Plagtieity c o vivr s uricns s armasiry s tnan Fair  Volume shrinkage ....... 28.19, dry volume
Shrinkage Water ....vivaivisedsins 19.2%  Linear shrinkage ........ 10.4% dry length
Pore atar: 0 e T 28.09%  Linear shrinkage .........7.6% wet length
Water ‘of plasticity ......iiceianias. 472% . Dry eondiion <cisaves s essnssnig s Fair

Fired properties Sample No. 6-A

; |
Cong Color Condition L8.%d) T.L8.%dL V.89dv.| Abs. | A Por.
010 | Buff-brown Weak, very soft 1.4 11.8 44 30.4 41.2
07 | Buff-red Weak, soft 3.9 H.3 11.1 20,0 42,2
M | Buff-red O U N b e A s e b R b A A e g e | R ey AT e s
02 | Red-brown RAad STHE T i e e e e | B0 Lo

Remarks: Subject to cracking at cones 07, 04, and 02. Cone fusion: 13,
Class of ware: High shrinkage and cracking make the clay of no value
without mixing or treatment.

Sample No. 7 was from a similar-appearing clay, forming the
overburden of the diatomite bed of the Great Western Silica Co.
at Roza.

Remarks: Good dry strength and condition. The fired colors were
bright red at cones 05 to 3, dark red at cone 5, and dark brown at cones 8-9.
Test pieces were steel hard at cone 2, slightly deformed at cones 8-7, and
fused at cone 11. The best firing range is from cones 01 to 6. As the shrink-
age is too great for use alone, sand or nonplastic material should be added
for common structural wares.

Alluvial deposits of Pleistocene or Recent gravels, sands, and
silts form the valley floors of much of the county. Some of the
silts contain sufficient clay to be available for common brick,
and plants using such materials have operated at Cle Elum and
Ellensburg.

KLICKITAT COUNTY

Klickitat County borders the Columbia River in the south
central part of the State. The northern part of the region, par-
ticularly to the west, is mountainous; the rest is high and rolling,
and has deeply incised valleys.

The bedrock is almost wholly basalt or related basic igneous
rock mostly of extrusive type. High-quality clays would not
be expected to occur, but the surface deposits of eolian and resid-
ual basaltic clay are in many places suitable for common red-
fired ware. It is doubtful if better clays occur in the moderately
well stratified sediments that are exposed in a few places, as
between Lyle and White Salmon and in the bluffs near Roose-
velt. These clays are similar to those of the Ellensburg forma-
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tion, described under the headings of Kittitas and Yakima coun-
ties (see pp. 164/332). Those that have been examined are
silty red-firing high-shrinkage varieties.

At one time a brickyard operated at Goldendale on Recent
soft alluvial clay that occurs in the valley of the Little Klickitat
River. As the material originated principally from the decompo-
sition of basalt, it was easily worked and produced a good grade
of common red-fired ware. The soft-mud process was used to
produce about 250,000 brick per year..

LEWIS COUNTY

Lewis County is in central southwestern Washington and
has an area of 2,369 square miles. The eastern part of the county
is mountainous, but the western part, although hilly, contains
broad fertile valleys. The bedrock is much the same as that of
Cowlitz County, but the Tertiary sediments and surficial Pleis-
tocene deposits have a greater areal extent. Shales are abun-
dant in the coal-bearing Eocene strata, which crop out over
large areas in the vicinity of Chehalis, east of Centralia, and
north of Morton, and also in the Oligocene and Miocene forma-
tions of adjoining areas. Basalt and related rocks occur, but
they are chiefly in the more mountainous areas. Owing to more
intense erosion, residual clays from the extrusive rocks are not
so plentiful as in Cowlitz County.

An overburden of Willapa Pleistocene clay, sand, and gravel,
generally of reddish or yellowish color and more or less ad-
vanced decomposition, covers the older rock in parts of the
field. It is contemporaneous with and rather similar to the
deposits occurring in Grays Harbor County and described under
that heading, but an alluvial origin is chiefly indicated for the
Lewis County beds. In places, the covering is only a few feet
thick or is entirely lacking; but, on the other hand, there are
large areas, as in the vicinity of Napavine, where these sediments
occur to great depth and effectually conceal the Tertiary strata
even in deep cuts and ravines.

Western Lewis County is admirably situated for the manu-
facturing of clay products. The principal occurrence of the
shales and clays coincides with the regions of greater popula-
tion and development, largely because the broad fertile valleys
owe their existence to the presence of the soft materials. This
produces a convenient local market for clay products. A greater
future development is probable because of the excellent trans-
portation facilities afforded the region and because plants may
be located on railroads and clay deposits equidistant from the
markets of Puget Sound, Grays Harbor, and the lower Columbia.
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SHALES

The Cowlitz River, Stillwater Creek, Olequa Creek, and other
streams in the southern part of the county provide excellent
exposures of Tertiary formations for miles along their banks.
Elsewhere, except in road cuts, Pleistocene materials conceal
these beds. The strata have been folded, but in general the dips
are low and the structure uncomplicated. The strata are often
fossiliferous and show a marine or estuarine origin with a few
fresh-water phases. The following section, taken from one by
Weaver® shows the general sequence of beds and abundance
of shale.

Section between Winlock and Castle Rock
Top of section Feet
Massive clay shale, grading in places into sandy shale, as exposed along
the banks of Olequa Creek south of Winlock and also in the banks
of the Cowlitz River in sec. 5, (11-2 W). These strata constitute the

basal member of the Oligocene. ............oviiiiiiianiriinnens 600
Chiefly sandy shale grading into massive clay shale of a dark brownish-

gray color. Exposures of this member are not very abundant. This

is the uppermost marine Eocene as yet recognized within the State 960

s AT G Lo o ot sUal o e e e Dy e ot 100
Slightly banded SanNd¥ Shale . ... ..ivs someisine o ninems s s v e s 130
Slightly carbonaceous sandy shale ...........ociieiiiiiauiieinivans 50
(EE Vo Rt b L2 o A o T TR R e e S Uy N e S e 430
Laminated sandstone and sandy shale:.......ccorcrmmemeriores s 150
Massive clay-shale. This is the equivalent of the shales occurring in

the bank of the Cowlitz River in sec. 25, (11-2 W)................ 50
Sandy clay shale. Base of upper marine division.................... 70
Yellowish-brown sandstone with interbedded lignitic layers. These

sandstones often grade into carbonaceous sandy layers............ 520
B e = WRTer DR o is i ivie inis e i oo eiTe s e mles e oo e e e 1 o e an v e 130

Brackish-water beds. Sandy shales and shaly sandstones grading into
brownish-yellow coarse-grained sandstone, all of which is more or
U0 e o n) e (e ol o e e B e By R e e L 705 550
Marine beds. Sandy clay-shales grading into shaly sandstones. The
basal portion of this belt grades into beds of brackish-water origin.
Below this zone no detailed measurements have been made. The
underlying strata are those involved in the area between Castle
Rock and Olequa. Just below, andesite and tuffs are intercalated

WILH THE SEOIIIEIILS o e wterviere) s orsisin torw 5 e L6 a5 5 e iy mia et sn ry e 4l e e R 4 390

Total thickness of measured Eocene strata..................... 4,470
Possible thickness of unmeasured strata involved in area between

Castle, Rocle  arid IO LetUIan 5 il e < vns s b ala s als ataral s oo s s b bLifaia o 6,000

Possible total thickness of Eocene as exposed in the lower Cowlitz
e L S et B R S S e s R R NS 10,470

(i) Weaver, C. E., The Tertiary formations of western Washington: Wash. Geol.
Survey Bull. 13, p. 92, 1916.
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On the west bank of the Cowlitz River, in the NW14SW1,

sec. 24, (11-2 W), two samples were taken from an exposure
of Tertiary beds. A 15-foot bank shows a softened and decom-
posed brown clayey sandstone containing pebbles up to 2 inches
in diameter. These latter are sufficiently abundant in places
to warrant the term conglomerate being applied, but in all cases
they are completely decomposed to plastic clay.

Sample No. 314 is of general nature and includes softened
sandstone, coarse grit, and decomposed basaltic and granitic
pebbles. The material is soft and sandy, of a brown color, and
necessarily of very nonuniform texture.

Plastic and dry properties Sample No. 3i4

PIAstiCitY .....covevecnerrsnasassnsnes Weak  Volume shrinkage ....... 22.4% dry volume
Shrinkage water ............ TG A et 14.0%  Linear shrinkage .........8.1% dry length
PO BB e T e e e 27.6% Dry condition ......... Weak dry strength
Watér of plastieity v...envessvannnnns 41.6%

Fired properties Sample No. 314

(‘uupi Color Condition LS. %d.1 |T.1.8.9%d.).| V.8.9d.v. Abs, A.Por.
04 | Lt. red-brown | Soft, quartz 7.0 15.1 19.6 2.2 44.0
| checks
Ml | Red-brown Soft, quartz B.4 16.5 23.2 M5 4292
checks
3-4*| Brown Crumbly, soft 9.0 17.1 4.7 2.5 42.3
10 | Spotted dark Crumhbly, soft #.5 17.6 6.0 25.8 42.2
| brown
12* Dark hrown OBy - BOIt, | s i e a i al ve b e T 44 21.0 40.5
no fusion |

Remarks: Cone fusion: 27. Siliceous and weak body. Remove quartz
or mix with more plastic clays.

Underlying the above materials is a bed of soft clayey sand-
stone which extends 4 feet above the river level and whose base
is concealed beneath the water. This material is a bright bluish
green when fresh but changes on weathering to a gray-green
tone and finally, along joints, to brown and red.

Sample No. 315, from this bed, is greenish buff when dry and
is slightly compact and very sandy.

Plastic and dry properties Sample No. 315

PIAEHIOIY. | i s me e s e Weak, sandy Volume shrinkage ..... 11.9% dry volume
Shrinkage water ........ e T 6.8% Linear shrinkage ....... 424 dry length
POPe: WabEr: | oocii: il Lilinaia 225% Dry condition ........cciciiinmsinnnn Soft

Water of plasticity .......covevvnvnn 20.39%
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Fired properties Sample No. 315

Cone Color Condition L 5 God. I T.L.8.%d1. V.8 ',d V. Abs, A, Pnr
06 | Lt, red-brown | Quartz, 2.9 8.1 11.3 0.1 | 4.0
very soft -

12 | Lt. red-hrown | Quartz, 4.1 8.3 11.8 %.7 42.4
very soft

4" Red-brown Crumbly, 4.0 8.8 13.1 2.7 42.2
very seft

(7% Spotted Crumbly, §.6 8.8 13.3 234 1
brown-hlack very scft

12*| Brown and Vesicular, .5 10,7 18.4 17.5 31.2

: black fuged, hard

Remarks: Cone fusion: 10. No fired strength due to quartz content,

It is reported that about 200 yards up the river from this
place a gray soft, plastic clay was mined many years ago by the
old Little Falls Fire Clay Co. of Vader. The river has obliterated
all signs of the old workings, and no sample could be obtained

from what was probably a very local occurrence of clay. A clay
that may be of similar type occurs on the east side of the river
one-fourth mile downstream in the NW1/ sec. 25, (11-2 W). At
this place, in a small area which is part of the Buswell farm, a
number of clays are found which differ markedly from’ any
others so far observed in western Washington.

The Cowlitz River, here, flows at the foot of a 12- to 15-foot
bank forming the face of a bench which meets the east valley
slope about 100 yards from the river. At this particular place,
bluish-gray clay is exposed on the river bottom, and sample No.
316-A was taken where low water made this material available.
The foot of the bank shows 1 foot of nearly black shale, which
was sampled as No. 316. The base of the bed was concealed.
Above this bed is 2 or 3 feet of reddish-yellow sandy shale, which
is overlain by a 3-foot bed of light-gray shale. This uppermost
bed was sampled as No. 317. The top of the gray shale is an
erosional surface above which is 5 feet or so of Recent stream
gravels and boulders.

A small brook crosses the bench a few yards upstream and
has cut through these gravels into a soft, plastic gray clay that
may be the weathered surface of the shale. The creek shows
that the gravels forming the surface of the bench thin out to the
east and are absent on the slope of the valley side. At the foot
of this hill, sample No. 318 was taken of the gray clay exposed
in the brook bed. About 100 yards above this place, sample
No. 319 was taken from a small excavation around a spring by
the roadside, while sample No. 320 came from a place 100 feet
or so southwest of No. 319 near the Buswell barn.

Sample No. 316-A is a light-blue clay, soft and plastic when
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damp, yet very tough and tenacious. Some portions are rather
sandy and the material is nonuniform in texture.
Plastic and dry properties Sample No. 316-A

Raptieity, o crmc s S e s e Good Volume shrinkage ...... 40.3% dry volume
Shrinkage water .................... 2199%  Linear shrinkage ........ 15.8% dry length
POTe - WATeE . .:.cvviim ddin s i o 17.6% Dy eonditlon & o e e s Good
Water of plasticity .................. 39.57%

Fired properties Sample No. 316-A

Ctme| Color Condition 1.8.5:d.l. [T.LS.9%d.L| V.55zd.v. : Abs. A.Por.
|
o7 | Light gray Falr, hard 4.0 | 10.8 11.5 18.9 8.5
0% | Lt. gray Good, S.H. 7.3 2.1 2.4 13.6 271
01 | Lt. buff-gray | Good, S.H. 0.0 4.8 4.8 1.0 16.5
#4* Lt. buff Good, S.H. 1 02 ] I £ 31.0 5.0 11.4
6 | Dark buff Good, 8.H. 12.2 | 28.0 32.4 4.5 10.4
10 | Mottled brown | Fine blisters, 121 | 29 2.0 | 4.5 10.0
and bluck S.H. |
1241 Buff-brown S.H. 9.3 25.1 2.6 3.6 7.5

Remarks: Best firing range: 07-8. Cone fusion: 23. High shrinkage.

Class of ware: Buff-colored structural wares, possibly terra cotta and
buff-colored pottery.

Sample No. 316 is a nearly black shaly material that is very
brittle and compact. It is free from grit and has a texture
similar to a soft wax.

Plastic and dry properties Sample No. 316 .
PIABHICALY oo vmarsiiniis s v g i s siuieie Good Volume shrinkage ....... 62.6% dry volume

Shrinkage wWater ......i.coiivriines 36.1%  Linear shrinkage ........ 25.8% dry length
POTEe WBEBE v mnnrmnr s rmnsnssismmsan 23.0% Dry condition ........... Badly cracked
Water of plasticly.....cvrvsnrsmsvrns 59.1%

Fired properties Sample No. 316

Cone Color Condition L.8.9%d.l. |T.L.8.%d.1.| V.8.%d.v. Abhs, A Por.
™ | Gray-buff Oracked, hard 5.2 .0 2.7 15.5 2.8
M | Gray-buff UIERERBLBEHET || = iman e [ aih was = pe e A e ! 8.7 9.0
34* Buff Cracked, S.H. 13.1 88,0 3.3 | 2.9 6.7
6-7* Mottled buff Cracked, 5.H. 14.4 40.2 37.2 2.0 1.6

Remarks: Best firing range: 05-10. Cone fusion: 26. High shrinkage
and cracking.

Class of ware: Use more nonplastic material for buff structural wares,
possibly terra cotta.

Sample No. 317 is a light-gray to nearly white shale. In
general, it is free from grit and is compact and brittle. A few
leaf impressions on the bedding planes of this sample indicate
a fresh-water origin for the material.
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Plastic and dry properties Sample No. 317

PLASICILY. icn bl st e e h a Strong Volume shrinkage ....... 31.4% dry volume
Shrinkage water ............cc0v0eeus 19.99 Linear shrinkage ........ 11.8% dry length
POreOWatEr ..k S e 2649  Linear shrinkage ........ 9.9% wet length
Water of plasticity................. ..46.3%

Fired properties Sample No. 317

Cone Color Condition L S, %d 1. T.L.8.Sd.)| V.8.9:d.v. Abs, | A.Por.

|

(5 | Cream Cracked, soft 8.9 20.7 U 2.8 a0

01-1 | Light gray Cracked, 8. H. 12.1 2.9 2.0 14.0 26.4

7% Light buff, Cracked, S.H. 153 8t 29,3 7.5 15.8
gpotted | |

12*| Lt, buft Cracked, 5.H. 8.0 | 28 4.8 1.5 | 3.4
{ |

Remarks: Best firing range: 03-15. Cone fusion: 31-32. High shrink-
age; cracking.

Class of ware: Use nonplastics for No. 1 refractory and possibly terra
cotta.

Sample No. 318 is a gray clay that includes portions that are
“fat”, waxlike, and free from grit and others that carry consid-
erable sand.

Plastic and dry properties Sample No. 318

Plastlelty: (oo vt s G e s Good  Volume shrinkage ....... 32.6% dry volume
Shrinkage water .............ccceiian 18.9%  Linear shrinkage ........ 12.3% dry length
POre: WREY - o h i i e s 20.3% Dry condition ............ Strong

Water of plasticity................... 39.2%

Fired properties Sample No. 318

Cone Color Condition L.8.9%d.). I [ 8.9d.1. \’\'nl\ Abs, A.Por.
0%  Light buff | Hard 1.4 13.7 4.2 17.0 3.2
4 | Lt, buft | 8.H. 14.0 26,8 36.4 6.0 12.9

01-1 | Bright buff S.H. 14.4 28.7 7.2 i 13.2

34* Bright buff S.H. 14.4 x5.7 473 12.0
7% Bright buft S.H. 15.9 28,2 40,4 10.1
12* Lt. brown | 8.H., vesicular: 5.7 18.0 16.1 12.3

Remarks: Best firing range: 05-8. Cone fusion: 27. Greatly cracked.
High shrinkage.
Class of ware: Buff-colored structural wares.

Sample No. 319 is a bluish-gray very sandy, micaceous clay
that, when fresh and wet, has an intense blue color. The tex-
ture is even. This material may be the softened, weathered
phase of a clayey sandstone.

Plastic and dry properties Sample No. 318

PLAREICIEY | ov s e viors n s ipa s iateia/a)a mial s aiaTatay Srare Weak  Volume shrinkage ....... 11.5% dry volume
Shrinkage Water ....... i 5.7% Linear shrinkage ........ 4.07% dry length
POTE WREIE | s g o i e etk 10.5% Dry condition ........... Weak

Water of plasticity....... ..o 17.0%
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Fired properties Sample No. 319

Cone Color Condition L.8.%d.). T.L8.Sd.) V.8.%dy. Abs, A Por.
01 | Light gray Crumbly, 5.1 9.1 4.5 14.9 25.8
very soft
3-4* Cream | Crumbly. 7. n.s 21.4 12,5 2.3
| very soft
6-7* Cream | Crumbly, soft 0.4 13.4 5.7 1.2 2.1
12*| Bright bufr Wenle, Hoft: | |lasssinmahsaniianiannaiiie s 0.9 18.6

Remarks: Best firing range: 12-18. Cone fusion: 33. Needs finer grind-
ing or a bonding clay for better strength. See No. 320.
Class of ware: No. 1 refractory.

Sample No. 320 is variously colored to grayish green, pink,
and purplish brown. It is soft, unctuous, and rather free from
grit, and has a uniform texture.

Plastic and dry properties Sample No. 320

L () e O e B P T T Strong  Volume shrinkage ....... 53.5% dry volume
Shrinkage WAt ..o cuvmsamymsnmaess 30.2%  Linear shrinkage ........ 22.2% dry length
PO TRDBLE. |, s s v it gl el aers 17.6% Dry condition . ....... 50 Strong
Water: of plasticity....c.ocoianaiiiin 47.8%
Fired properties Sample No. 320
| | |
Cone | Color Condition L.S.g5d.1. |'1‘.I,.S,%|I.I.' V.S.%d.v. Abs, A.Por
Entie} SEE= — b o Mo | I i =il By
08 | Lt. brown-buff | Cracked, 8.H.- 5.0 .2 14.2 20.2 5.9
06 | Lt, brown-buff | Cracked, 5.H .- 7.8 30,0 1.6 18.1 2.5
| Cream Cracked, 8.H. 0.9 32.1 26.8 12,3 4.8
01-1 | Buff Cracked, 8.H. 12,5 | T 2.9 3.0 6.5
5-4*| Bright buff Oracked, 8iHG )bk | AR P e 1.2 3.0
&7 Mottled brown | Cracked, 8.H, 14.0 36,2 86,5 0.6 1.4
| and buft .
1?'| Brown-huff Cracked, S.H. 4.2 | B4 3.9 1.0 2.1

Remarks: Best firing range: 08-15.

Cone fusion: 31+4. See No. 319. Too

much plastic material. Cracking; high shrinkage.

Class of ware: Add more nonplastic for No. 1 refractory.

An extensive flat reaches eastward from the valley rim and
is formed by the deposition of Pleistocene sediments. Some of
the clays just described resemble, in certain respects, Pleistocene
materials; if they do belong to that series, as could be ascertained
by test pits, they probably extend eastward for some distance
under the flat. In this case, a great tonnage would be available.
On the other hand, ordinary brown sandstone and decomposed
conglomerate of known Tertiary age occur as low-dipping strata
exposed in the river bank just up and down stream from the
area in question, and the beds sampled may be a local occur-
rence of fresh-water shales in the Tertiary marine beds. The
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plastic clays, then, would be still more limited weathering
phases of these rather thin strata of shale, and so the minable
quantity would be relatively small. Careful prospecting by

means of pits or boreholes should be undertaken before any
attempt is made to exploit these interesting materials.

South of Winlock in sec. 5, (11-2 W), several hundred feet
of shales occur in the bed of Olequa Creek. The bedding is dis-
tinct and shows decided variations in structure; at the midpoint
of the exposure the strike is N. 15° W., and the dip, 20° NE. Some
of the individual beds are very sandy, but most of them con-
tain enough clay substance to be quite “fat”.

Sample No. 322 was taken to represent the whole shale mem-
ber. It is dark gray to brown in color, micaceous, and rather
sandy. The texture is moderately uniform and fine.

Plastic and dry properties Sample No. 322

PIRELICHY, vkt s sotsaiion s piomaie Good Volume shrinkage ....... 27.3% dry volume
Shrinkage wafer .......ieeeihaisones 17.3%  Linear shrinkage ........ 10.1% dry length
ROTE WIATRE L e b e e ey 27.5% Linear shrinkage ........ 8.9% wet length
Water of plasticity..........ccoonanes 4489% Dry condition ..........0. Strong

Fired properties Sample No. 322

Cone Color Condition L.8.%d,1. |T.L.8.%d.).| V.8.d.v. Abs, | A.Por.
06 | Lt. red-brown | Good, hard 1.9 15.0 14.0 27.7 42.0
4 | Lt. red-brown | Good, hard . 17.2 19.8 20.7 35.0
02 | Red-brown Good, 8.H. 11.4 22,0 31.5 2.5 16.5

01-1 | Red-brown Good, S.H. 3. = 35.4 7.0 16.4

34* Dk, red-brown | Vitreous, fused, 10.1 2.2 7.3 6.9 12.8
S.H.

6-7* Dk. red-brown | Vesicular, fused, 4 4.5 129 | 120 18.7
S.H.

Remarks: Best firing range: 04-01. Cone fusion: 7. A small amount of
nonplastic material will reduce the high shrinkage.

Class of ware: Red and brown structural wares.

The grade of a logging railroad about 300 yards southeast of
the above location exposes a section of the shales that form
the hill to the east. The strike here is north, and the dip, 10° E.

Sample No. 323 of this material is gray in color, weathering
to light yellow. It is sandier than the shale exposed in the
creek and is quite compact and uniform in texture.

Plastic and dry properties Sample No. 323

Plagttclty: o Tn i s S s e Good Volume shrinkage ....... 34.1% dry volume
Shrinkage water .. .iiiuidlisedde 21.6% Linear shrinkage ........ 13.09 dry length
= T T e et AT AL T 23.6% Dry condition .........i.s Strong

Water of plastieity. .. . c.tcivmnvesnins 45.27%
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Fired properties Sample No. 323
Cone | Color Condition L8.9%d.L |T.L.8.5d.) | V.S.Gd.v. Abs A.Por
(8 | Red-brown Good, hard 0.0 13.0 0.0 26.7 51.0
05 | Brown-red Good, hard 2.6 15.6 7.6 18.5 31.2
01| Brown-red Good, hard 2.9 22,9 20.7 16.7 20.9
M | Dk. brown-red | Good, S.H. 10.7 23.7 28.7 B4 16.8
1+ | Dk. brown-red | Good, 8.H. 12.0 25.0 81.8 2.5 7.9
54* Dk. brown-red | Fused, S.H. 12.6 25.6 I me S PR LS T
6-7*| Dk. red-brown | Fused, 5.1 18.7 168.2 9.1 15.0
| bloated, S.H.

Remarks: Best firing range: 06-2. Cone fusion: 6-7.
Class of ware: Reduce the shrinkage with nonplastic materials for
brown and red structural wares.

Just north of Winlock, at the south end of the county bridge
over Olequa Creek, massive shale is exposed in the side of the
ravine. The base of the nearly horizontal stratum is concealed,
but the bed is at least 15 feet thick and probably more. The
surface is unconformably overlain by 3 feet of Recent gravels
and valley fill. An immense tonnage could be easily mined
without reaching the main valley walls where an excessive
overburden would be encountered.

Sample No. 340, of this member, is a bluish-gray fine, even-
grained shale. It is free from any but very fine grit, and on
freshly cut surfaces shows the sheen of verv “fat” material.
Blocks of the shale are compact and brittle, breaking with a
subconchoidal fracture.

Plastic and dry properties Sample No. 340

L T e TS Poor Volume shrinkage ....... 25.2% dry volume
Shrinkage water ............,....... 13.49%  Linear shrinkage ......... 9.2% dry length
5007 T T NI I S e L 49.7% Linear shrinkage ........ 6.0% wet length
Water of plasticity.........cocivvicans 63.1%

{.‘.nrlu; Color Condition Abs, A.Por.
|
04* Brown-red Good, hard 12.8 2.5 32,4 20.3 83.3
02 | Brown-red Good, S.H.-, 17.6 2.8 4.0 11.8 2.1
| a little geum
i | Red-brown Good, 8. H. 19.1 8.3 47.0 4.0 7.8

Remarks: Best firing range: 03-6. Cone fusion: 7-8. Shrinkage
too high. Needs some less-plastic material.
Class of ware: Dark structural wares.

Sample No. 321 was taken from less sandy portions of a large
roadside exposure just east of La Camas Creek in the NW14 sec.
27, (11-2 W). The cut here shows an immense amount of Ter-
tiary thin-bedded dark-gray carbonaceous shales and sandy
shales that dip about 4° easterly. The inclusion of more of the
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sandy shale in the sample would have improved the working

properties.
Plastic and dry properties Sample No. 321

EIASEICTLY ) i S VR e R Good Volume shrinkage ....... 36.0% dry volume
Shrinkage Water ......ivevevonsiines 21.1%  Linear shrinkage ........ 13.8% dry length
Borelwatar L s Lok el e ..18.3%
Water of plastieity ........c..oiiiiin 39.4%

Fired properties Sample No. 321

Cone Color Condition LS.%d.). |'T.L.8.%d.1. \"S.f_-il.l.\'.: Abs, || A.Por,
07 | Lt. red-brown | Weak, soft | 57 15.3 4.4 | 21.9 36.1
02 | Brown-red Cracked, S.H. .6 20.4 18.4 ' 15.0 7.8

Remarks: Best firing range: 04-2. Cone fusion: 6-7. Shrinkage high.
Class of ware: Add nonplastic material for common brown and red
structural wares.

Shales, available for structural materials, are found near
most of the towns in the upper Chehalis Valley. They cor-
respond with other Tertiary shales which have been tested,
and but one sample was taken.

Sample No. 347 was taken about 4 miles southeast of Pe Ell
from one of many cuts on the Boisford road. It is a slightly
sandy yellowish-gray shale that weathers to dark buff and
brown. The material is thin-bedded, much jointed, and similar
to a great many other exposures in the vicinity.

Plastic and dry properties Sample No. 347

Plagticlty i St g s aens Good  Volume shrinkage ....... 47.9% dry volume
Shrinkage Waler r T iiivsasmerisas 36.67% Linear shrinkage ........ 19.5% dry length
PODE WATED . . trve thassdions sosis nasdpy 20.2%
Water of plasticity .......cccvveevenn 56.89%

Fired properties Sample No. 347

Cone Color Condition L8%dL TL8%AL V.8%dv.| Abs, A.Por.
|

= Lt, red-brown | Weak, soft 2.6 22.1 7.4 24.9 30.7

(4* Bright brown- | Good, hard 4.9 4.4 14.0 15.7 33,0
red

01 Bright brown- | Cracks, 8.H. | 7.0 26.5 19.5 11.8 22.1
red |

#  Dk. hrown-red Near vitrifica- 15.1 2.6 M G 13.4

tion, 8.H. I

Remarks: Best firing range: 06-5. Cone fusion: 7-8. Too much plastic
material, causing high shrinkage.
Class of ware: Good color for red and brown structural wares.

Fire clays are commonly associated with the many coal beds
of the region and adjoining counties, but, so far, no beds of
workable thickness have been reported here. Red-firing shales
could be mined economically with the coal, though this would
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hardly be feasible unless the material proved to be of exceptional
quality and a market could be assured. Mine operators would
do well, however, to investigate the shales and clays that occur
in their workings.

A high-quality shale was said to occur on the property of the
Mendota Coal & Coke Co. at Mendota. The material was
sampled, but tests show it to be of questionable value.

Sample No. 345 was taken just beyond the fault on the 4th
level, new slope, where a bed at least 6 feet thick is exposed. The
shale is carbonaceous, very sandy, and carries much finely
divided muscovite. It is dark gray in color and rather compact.

Plastic and dry properties Sample No. 345

PIAstleilY. i cre e sl et Good Volume shrinkage ....... 25.2% dry volume
Shrinkage water ......oveeenrrennnss 13.6% Linear shrinkage ........ 9.2% dry length
BOre WRLEE .. .pusssssmsinysstessmey 16.8% Linear shrinkage ........ 7.09% wet length
Water of plasticity...........coonuens 30.4%

Fired properties Sample No. 345

Cons | Color Condition L.8.%d.1 |'T.L.8.9%d.1] V.8.%d.v. Abs. A Por.
1
08 | Buff-brown Weak, soft 1.0 10,2 2.9 19.4 3.9
') Dk, red-brown | Seummed, 7.2 16.4 20.0 8.6 16.0
good, S.H.
2 | Dk, red-brown | Scummed, T4 16.6 20.6 4.0 8.5
| good, S.H.
2 | Dk. red-brown | Vitreous, slightly 5.5 14.7 15.5 2.8 4.6
| swelled, S.H.
#* Dk, red-brown | Vitreous, 2.2 11.4 6.0 1.5 2.4
fused, S.H.
10 | Gray-hrown BIOREOIL: 0 vresnns wrie s fen s ain i paials beiswalha s o s v 3 | S35 Firta ot (Ao o f o F Y o aaTee
| witreous fused,
| B

Remarks: Best firing range: 06-02, Cone fusion: 6-7. Scumming, high
fired shrinkage.
Class of ware: Red and brown structural wares.

A buff-colored shale similar to the foregoing is exposed by a
landslide at the head of the ravine above the powder house near
the top of the ridge. It is considerably weathered—a feature
to which the better fired properties are no doubt due.

Sample No. 344 is representative of this sandy shale.

Plastic and dry properties Sample No. 344

PIASHCIEY oo e v sin e e e Weak, sandy Volume shrinkage ....... 30.5% dry volume
Shrinkage WALeD .. ysiiaieaisie sdases 17.9% Linear shrinkage ........ 11.5% dry length
Pore Waten: ol s e e 18.7%

Water of plasticity......:oiviaini 36.6%%



178 Clays and Shales of Washington

Fired properties Sample No. 344

Cone Color Condition L.8.%d.l. [T.L.8.%d).| V.B.Sudv. Abs. A.Por.
Jy-7 S
(8 | Light brown. | Weak, very soft 0.8 12.3 1.9 %5 | 0.2

buaff
o | Buff-brown Weak, soft 4.6 16.1 13.2 15.3 2384
03 | Buff-brown Weak, soft 5.3 16.8 15.1 14.8 7.3
i | Buff-hrown Good, 8.H. 7.6 19.1 2.2 7.1 14.5
10| Gray-brown \‘Iér{lnus.goml, 8.5 21.0 2.0 45 | 9.0
12 ! ................ FlIS‘.l‘{I‘ ....................... oy BT ! ............
1 |

Remarks: Best firing range: 02-10. Cone fusion: 12.
Class of ware: Buff-brown structural wares.

Light-colored clays have been reported occasionally from
the Alpha-Mayfield region, but so far those investigated have
been mealy-textured red-firing varieties without particular
value. An outcrop of striking appearance occurs a mile south

of Highway No. 5 on Mill Creek, at approximately the center of
the SE1j sec. 13, (12-1 E). The creek has cut its valley through
a thick deposit of reddish-colored Pleistocene gravel to a light-
gray horizontally stratified silty shale. Later erosion has pro-
duced a shallow gorge in the lower more resistant material and
in one place has exposed the bed in a 12-foot vertical wall for
250 feet. The physiography indicates that the shale underlies
the terrace-like flats along both sides of the creek. These extend
upstream for half a mile, have a width of 100 to 150 feet between
the gorge and the gravel bluffs, and are surfaced with as much
as 6 feet of reworked Pleistocene gravel. The shale is remark-
ably uniform in texture. The upper part is rather thin-bedded
and stained, the lower part is massive, but all is cut by a ver-
tical and horizontal system of joints. Aside from yellow staining
on joints the material weathers nearly white. The fresh shale
is light bluish gray and dries to a light gray. It is very compact
and brittle, breaks with a conchoidal fracture, and is so fine-
grained that grit can hardly be detected between the teeth. The
peculiar nature of this shale is apparently due to its being com-
posed of extremely fine volcanic dust that has undergone some
decomposition in place. The small amount of actual clay sub-
stance accounts for the weak plasticity and the small (14 per-
cent) dry and fired linear shrinkage. At cone 06 a sample of
this material became steel-hard, moderately porous, and buff
red in color.

Shale outcrops are abundant in the Eocene formations north
of Morton, but in only comparatively few places are these ac-
cessible by railroad. One-half mile south of Lindberg, cuts on
Highway No. 5, just above the railroad, expose the strata for
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considerable distance toward Morton. A sample was taken near
the center of sec. 25, (13-4 E), where from 10 to 15 feet of shale is
overlain by 20 feet of well-cemented light-gray sandstone. The
beds dip 40° NW., but the structure varies greatly in short dis-

tances.

Sample No. 336 is mostly a sandy dark-gray carbonaceous
shale, but some parts are very “fat”. A fresh-water origin is
indicated by leaf imprints. The shale is very resistant and
tough.

Plastic and dry properties Sample No. 336

e L RO e e T Poor Volume shrinkage ....... 20.4% dry volume
Shrinkage water ........ci..ivnciives 104%  Linear shrinkage ........ 7.3% dry length
POV WY v o e v ks 1287 Linear shrinkage ........ 5.0% wet length
Water of plasticity............ o000 23.2%

Fired properties Sample No. 336

Caong Color Comdition L8950 | T LS9 V.8.9d.v, Ahs, A.Por.
1
o | Buff-brown Weak, soft 0.4 f i 1.8 : 19.2 H4
(4*| Dk, red-brown | Good, S.H, 5.6 12.9 15.9 7.9 16.6
02 | Dk. red-brown | Good, 8.H. 6.0 | 13.8 7.0 | .1 13.5
01 | Dk, red-brown | Good, S.H. 88 | 156 17,8 3.4 7
4 | Brown and Good, 85.H. 7.8 14.6 20.4 4.2 7.8
hlack
6-7* Dark black- Surface eracks, 4.8 11.6 12.4 2.1 4.6
brown vesicular, 8. H,
10 | Dark hrown Very badly 0.2 i 0.6 10.4 17.7
and black bloated, S.H.
[ PO e By Foked ™ " e e s S A i EEREREE R CEr R

Remarks: Best firing range: 06-3. Cone fusion: 12.
Class of ware: Red and brown structural wares.

A hard, siliceous shale underlies coal bed No. 2 at the old
Ladd mine, west of Mineral. A more argillaceous shale forms a
4-foot bed under coal No. 1, and above coal No. 4 is reported
a 40-foot bed of shale.

Sample No. 336-B, taken of the 4-foot bed, was sent to the
Division office for analysis. It is very dark gray in color. The
texture is extremely fine and uniform, yet the material con-
tains some grit. The sample is hard and very brittle, the latter
feature being due in part to the minute fracturing and jointing
that characterize this shale. Iron oxide has been deposited on
the joints.

Plastic and dry properties Sample No, 336-B

3241 17 Ui £ oo L T ol B o e LY Sticky  Volume shrinkage ....... 59.7% dry volume
Shrinkage water .... ....30.3%  Linear shrinkage ........ 24.6% dry length
FPore water: ......iee- el 32% Dry condition ........... Drying cracks

Water of plasticlty. ... .ccvivavniares 43.5%
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Fired properties Sample No. 336-B

Cone Color ‘ Condition LS. |T.L.8.%d.).| V.8.5d.v. Abs. | A.Por,
8 | Light buff Gooid, 8.H.- 4.5 2.1 12.9 15.0 .0
02 | Light buff Cracked, S.H. 8.8 3.4 24.1 5.9 15.0

6*| Bright buff GGood, S.H. 9.7 .3 2.5 3.8 8.5

Remarks: Best firing range: 08-15. Cone fusion: 30-31. High shrink-
age, cracking. See No. 336-BA.
Class of ware: Refractory. Bufi-colored structural wares.

The above tests on sample No. 336-B showed it to be prom-
ising material and a larger sample was requested. This was
received and tested as Sample No. 336-BA (see below) with
such diferent results that it is doubtful if the better shale exists
in quantities. The occurrence should be carefully prospected.

Plastic and dry properties Sample No. 336-BA

D F L [ R e o U Fair Volume shrinkage ....... 22.0% dry volume
Shrinkage Water .. uicivisvissnreisns 113%  Linear shrinkage ....... 8.0%, dry length
Pore. WHLBY, Zis s ol am o iss sadeeis i 1429,
Water of plastelty. ..o orivmesvise 25.5%

Fired properties Sample No. 336-BA

Cone Color Condition LS. %A1 |T.L.8.9%d.1| V.8.9%d.y. Abs. A.Por.
06 | Light buff Crumbly, soft 4.6 | 12.6 13.1 14.4 2.2
G | Dark buft Crumbly, soft 5.9 | 13.9 16.7 13,6 27.8
10 | Brown-bufl Crumbly, soft 6.1 14.1 | 17.1 12.8 24.5

Remarks: Cone fusion: 23-26. No strength developed. Needs different
preparation or mixture with stronger clays.

Class of ware: Buff-colored structural wares, after treatment.

WILLAPA PLEISTOCENE CLAYS

Soft Willapa Pleistocene clays in the vicinity of Napavine
are abundant and everywhere conceal the older formations.
The country is comparatively level south of the town but de-
scends abruptly on the north into the Newaukum Valley. Rail-
road cuts and highway grades lay open long stretches where
decomposed grits, softened gravels, and plastic clays occur in
large deposits. The sediments in some places are well assorted,
and lenticular beds of sand occur interbedded with fine clays.
Leaching has played an important part, so that some of the
exposures are very light colored from the removal of iron
oxide, while concentration of this mineral in other places has
formed beds of red, ocherous clay.



Lewts County 181

Sample No. 324 was taken one-half mile southwest of Napa-

vine on the highway, where roadside ditches expose an irreg-
ularly colored gray clay. The depth of the deposit is unknown,
but the areal extent is probably large. It is a soft sandy clay
of local swamp origin.

Plastic and dry properties Sample No. 324

BTV A Tkt R S R S Fair Volume shrinkage ....... 34.9% dry volume
Shrinkage Water .......cccviovensanss 18.3%  Linear shrinkage ........ 13.3% dry length
POTE WHEEE = L s e e Cas s st 121% Dry condition ........... Fair strength
Water of plasticity.............coun. 31.0%

Fired properties Sample No. 324

Cone Color Condition L.8.%d.1. 'F.!,_S.%dj,l V.S.9%d.v. Abs, A Por.
06 | Lt. buf-brown | S8oft [ .ieeaeiin | Hissisinsaee 17.0 20.5
5 | Lt. bufl-brown | Soft 1.9 15.2 8.7 16.3 29.0
™ | Lt. buff-brown | Soft 1.9 15.2 0.7 15.1 28.0

01-1 | Bright brown- | Good, hard 2.0 13.9 5.8 14.1 5.1

red
5-4* Bright brown- | Good, hard 2.7 16,0 7.8 13.8 25.6
re
#-7* Bright brown- | Good, hard 2.8 16.1 8.0 13.2 .7
red ;
10 | Variable Good, 8.H. 5.2 18.5 14.9 1.5 10.1
brown

Remarks: Best firing range: 1-10. Cone fusion: 15.
Class of ware: Good color; with a small amount of nonplastic material

the properties will be good for red and brown structural wares.

North of the Napavine depot, a cut as much as 15 feet in
height exposes horizontally bedded rather uniform clays for
about 400 yards. Under 2 feet of soil is a stratum from 3 to 6
feet thick of red, ocherous clay. This was sampled as No. 338.
Underlying it in turn, are 3 feet of yellow sand and at least 5
feet (base concealed) of mottled red and bluish-gray clay
(sample No. 339).

Sample No. 338, of the ocherous clay, is deep reddish brown
in color and contains a relatively large percentage of hydrous
iron oxide. The texture is uneven, owing to the coarse, gritty
nature of the original material; decomposition, however, has
altered all the included grains and rock fragments to clay.

Plastic and dry properties Sample No. 338

Plasticity ..o Sticky, yet crumbly Volume shrinkage....... 60.6% dry volume
Shrinkage water..i.. oo iiihsiean 35.1% Linear shrinkage......... 25.09; dry length
PO T U b v o Sl e o TR 17.5%

Water of plasticity..........coooiians 52.6%
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Fired properties Sample No. 338

Cone | Color || Condition L.5.9d.1. l'l'.].,{-i.'fcul.[. V. 8.5ud.v. Abs. | APor,
|
08 | Lt. red-brown | Weak, coft L0 | 20 11.4 2.9 43.1
M* Buff-brown Hard 9.9 4.9 7.0 14.9 2.5
(3 | Red-brown Hard 10.6 30.6 8.5 13.7 8.6
6 | Bright buff-red | Hard 11.0 36.0 2.4 11.6 2.0
10 | Purple-black Good, S.H. 4.7 T R0 .8 15.8

Remarks: Best firing range: 06-10. Cone fusion: 20-23. Few surface
cracks at cones 04%, 03, 6, and 10. Too great an amount of plastic material.
Shrinkage excessive. Peculiar type of plasticity.

Class of ware: Mix with nonplastic material for red and brown struc-
tural wares.

Sample No. 339, from the lower member, is pinkish yellow
and very light gray when dry, the deeper color being concen-
trated around minute holes and tubes which traverse the clay.

It is fine-grained and rather uniform but contains some fine
sand. Dry lumps are soft and crush between the fingers to a
smooth powder.

Plastic and dry properties Sample No. 339

1T AR S o P S e S P e Good Volume shrinkage....... 47.0% dry volume
Shrinkage water............cccc0uus. 29.3%  Linear shrinkage......... 19.19, dry length
35000 3 g h )l Sk e T L e R ot 23.1%  Dry condition............ Cracked

Water of plasticity............. o 52.49%

Fired properties Sample No. 339

Cone Color Condition L.8.%d.]. |T.L.8.9d.1 V.8.9d.v. Abs, | A.Por
| - e EIAREES = = PRSIy A
M* Lt. buff-brown | Few cracks, soft 8.8 ¢ 22.4 9.4 20.4 33.4
01 | Buff-brown Few eracks, hard 7.0 26,1 | 10.6 17.5 30.4
6 | Red-brown Few cracks, 10.2 20.3 23.2 15.0 20.4
S H. |
IE'l Giray-brown Good, S.H. | 12.2 21.3 2.3 10.1 | 21.3

Remark: Best firing range: 02-12. Cone fusion: 26-27. Too much plas-
tic material, causing high shrinkage and cracking. High absorption due to
cracks.

Class of ware: Add nonplastics for red and brown structural wares.

Sample No. 325 was taken from a railroad cut 2145 miles
northeast of Napavine, where similar material is exvosed for 50
feet and to a height, at the center, of 6 feet. Itisa light- to green-
ish-gray uneven-grained mealy clay formed by the complete
decomposition of a coarse grit.

Plastic and dry properties Sample No. 325

PIAE IR (75 i e are e a A Ry Fair Volume shrinkage....... 2297, dry volume
Shrinkage Water........ccvovevvirsess 14.1% Linear shrinkage......... 8.3% dry length
POEE S WHEBE: 5o s & Linrw s i 5w S0 0 5 BT, 21.4% Dry condition............ Fair

Water of plasticity...........ccovvnnns 35.59%
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Fired properties Sample No. 325

Cone Color || Condition LBl T LE%d.L| V.8.9d.v. Abs. A.Por.
06 | Bright WEBE L BGIL  — _ |rcniiiaven] coivaiess s b a s 98,8 13.2
brown-red
05 | Bright Weak, soft 5.6 13.9 15.8 24.3 38.6
brown-red
02 | Bright Weak, soft 6.4 14.7 17.9 21.6 3.7
brown-red
(1-1 | Bright Good, hard 6.8 15.1 19.0 20.1 85.3
brown-red |
4-4* Bright Good, hard 7.8 16.1 21.6 19.3 38.9
hrown-red |
10 Bufl-brown Granular, good, 10.5 18.8 28.2 141 26.9
S5.H. i
12* Brown Good, 8. H, 11.3 19.6 50,2 6.8 11.8

Remarks: Best firing range: 1-12. Cone fusion: 26. Nonplastic material
should be added to reduce the shrinkage.
Class of ware: Red and brown structural wares.

The same clay series is exposed for several miles in cuts
south of Napavine, but the preceding tests (Nos. 324, 338, 339,
325) are sufficiently descriptive, except in the case of one bed.
This occurs 2 miles south of the town, where a cut 400 yards
long exposes the clay to a height of 15 or 20 feet along the track.
Iron-stained clay, clayey sand, and decomposed gravel are pre-
dominant, but a thin bed of ledched volcanic ash is conspicuous
in the series. Data on this latter member is included here be-
cause of its unusual properties rather than for any commercial
value.

Sample No. 339-A is pink and light gray in color when dry
and has a low specific gravity and pulpy, slightly consolidated
structure. It is very fine-grained and uniform textured and,
between the fingers, crushes to an impalpable powder.

Plastic and dry properties Sample No. 339-A

Plantieibys s r g e s Sticky Volume shrinkage....... 58.6% dry volume
Shrinkage WAHLET. s siveasnevesasisd 41.1% Linear shrinkage......... 2429, dry length
T A T L o e iy S o e 3434
Water of plasticity.. . .icioiiisvaraas 75.4%

Fired properties Sample No. 339-A

Cone Color Condition LS. %], [T.L8.9%d.) V.8.0ud.v. Abs, A.Por.
5  Pink-brown Wenk, soft 4.9 29.1 ' 15.9 30.6 45.2
04* Pink-buff Much cracking, 0.2 0.4 14.8 20.7 2.7

2 | Pink-buft M:}:!I];'!'ruf'kinu. 1.1 84.8 7.4 18.6 2.2
| Red-buff M{;?I‘;':'mt-king. 1.7 Hs.0 7.9 15.2 26.0
10 | Brown-buff .\iEll-E'vrucking. 17.3 41.5 13.4 8.7 18.5

Remarks: Best firing range: 04-15. Cone fusion: 30-31. Too much plas-
tic material causing high shrinkage and cracking.

Class of ware: Add grogg for refractories or red, buff, or brown struc-
tural wares.
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Pleistocene alluvial sands and clays overlie the older strata
on both sides of Olequa Creek; in some places the rounded hills
are made up solely of these unconsolidated materials. Just east
of Vader the clays have been opened by a large pit or open cut
which covers several acres and reaches back into one of the
hills. The work was done many years ago to supply sewer-pipe
clay for the Little Falls Fire Clay Co., whose plant was located
in the town, one-half mile to the west. Two general varieties
of clay occur here, the first being poorly assorted yellowish-
brown soft sandy clay with irregular streaks and lenses of sand,
coarse grit, and gravel. A few pebbles of quartzite are unaltered,
but all those of other material, as well as all the grit and sand
not composed of quartz, have decomposed to clay or are so
altered as to crush under slight pressure. Practically unlimited
quantities of the clay are available, and the only objectionable
materials are the very few quartzite pebbles and a sparse scat-
tering of basalt cobbles over the surface soil.

Sample No. 321-B is general “run-of-pit” clay and is a hetero-
geneous mixture of the materials described above.

Plastic and dry p:r'operti‘es Sample No. 321-B

Fiastieiy e L A i e Good Volume shrinkage .......20.5% dry volume
Shrinkage Watlr. ... v ovesomsdeions 15.8% Linear shrinkage ........ 11.0% dry length
POTe WHLBT sy aliis s s lue-slsin slblsln a0 4 o1 16.6%
Water of plasticity. .. ... ... ... ... 32.4%

Fired properties Sample No. 321-B

Cone Color | Condition L.8.%d.1. |.I‘.L.S,%d,}. V.85, Abs, A Por.
6 | Lt. red-brown | Weak, soft 0,7 ‘ 1.7 2.1 21.2 37.3
(4 | Red-brown Crumbly, soft 1.2 122 3.6 17.7 .5
(2 | Brown-red Crumbly, soft 1.4 12.4 4.2 18.1 32.9
6 | Brown-red Good, hard 27 ‘ 13.7 7.9 16.2 30.3

=2 18.2 20.0 28 5.2

1r | Dark brown Vesicular, stuck,
S.H.

Remarks: Best firing range: 2-8. Cone fusion: 13. Low fired strength
and fired shrinkage.
Class of ware: Red and brown structural wares.

The second variety of clay is a better-assorted, light-colored
material that is exposed in the south side of the pit wall and is
said to underlie the whole workings. An irregular bed, a foot
or so thick, occurs also in the main working face of the pit. To
obtain this clay in quantities, a small open cut was made in the
floor of the main pit; but this, being below drainage level, could
not be investigated at the time of the writer’s visit.

Sample No. 321-A, from the south wall, is a somewhat iron-
stained gray clay that is very tough and plastic. It carries fine
sand but is rather fine-grained and of uniform texture.
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Plastic and dry properties Sample No. 321-A

PLABHICIEY. . vcnnrrinsnr sy s mens Very strong Volume shrinkage....... 61.3% dry volume
Shrinkage Waterl, .. .usxsssi i 30.2%  Linear shrinkage......... 25.2% dry length
e I 7 e e 8.2% Dry condition. ... v..es. Strong, tough bars
Water of plasticity........cocinvavines 38.47%

Fired properties Sample No. 321-A

- - = I
(‘.nm-! Color Condition L.8.%d) |T.L.8.%d.) V.85:d.y. Abs, | A.Por,

010 | Brown Good, hard 2.1 27.3 6.1 14.0 6.9
06 | Lt. brown-red | Good, 8.H. o.i 30.5 15.2 7.2 15.8
02 | Bright Good, S.H. (14 81.5 17.7 6.6 14.5

brown-red

Remarks: Best firing range: 010-6. Cone fusion: 13. Very high dry
shrinkage.

Class of ware: Needs nonplastic material for brown and red structural
wares.

Pleistocene surface clays are found in the low hills northwest
of Mendota. On the farm of H. B. Ogle, this material, which
probably covers a large area, was sampled from a shallow pit.
The upper 2 feet is stained, but below this the clay is uniformly
gray in color. The total depth is unknown. The occurrence is
about a quarter of a mile from the Centralia Eastern Railway.

Sample No. 346 is gray with a greenish tone when fresh and
dries to a rather light shade. It is compact and tough, not very
uniform in texture, and rather sandy. One water-worn pebble
one-fourth inch in diameter was noted.

Plastic and dry properties Sample No. 346

Plasticity... oo Very strong and tough  Volume shrinkage....... 66.4% dry volume
Shrinkage water...........ccvevunien 31.7%  Linear shrinkage......... 27.4% dry length
POYe SBYRD oL aih saie i ik i tea 4 e e 2%
Water of plasticity......... .o oo 38.9%

Fired properties Sample No. 346

Com-.‘ Qolor Condition L.8.%d). |T.I1.8.9%d.]. V.8.9d.v. Abs. A.Por.

04" Bright (e o v - i ] (e SR, L o i it i .9 18.7

hrown-red
Bright Few cracks, $.5 0.9 10.0 5.0 12,7

brown-red good, 8. H.

01 | Bright Good, S.H.- 3.7 21.1 106 4.6 10.0
brown-red

6 | Bright Good, 5.H. 8.7 3.1 16.2 4.0 13.6
brown-red

10 | Brown and Vesieular, 1.5 9280 4.4 0.8 13.3
blaek vitreous, 8.H.

Remarks: Best firing range: 06-6. Cone fusion: 12. Too much plastic
material, causing excessive drying shrinkage. Long firing range.
Class of ware: Good fired color for red and brown structural wares.
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An interesting Willapa Pleistocene clay, probably usable as
a bond, occurs on the farm of Charles Towner, about 415 miles
east of Centralia, in the S4NEY sec. 12 (14-2 W). It occurs on
the hill 50 to 75 feet above the road and about 400 feet north-
west of the house. The thickness of the bed is unknown, as
the clay has only been exposed in shallow pits, but it could be
easily prospected by drilling. It presumably covers a consid-
erable area without overburden except 2 feet or so of soil. The
upper 18 inches to 2 feet of clay is very irregularly stained to a
pinkish-red and yellow color, below this it is very light gray.
Both the colored and gray clay are practically free from sand,
highly plastic, and fairly tough. A preliminary test required 47
percent water to bring the clay to its most plastic condition. The
dry linear shrinkage was 15 percent, excessive for use alone,
as would be expected from such a fine unctuous material. When
fired to cone 06 there was 2 percent additional shrinkage and

the clay became steel-hard, though still porous, and light buff
in color.

At Chehalis, the Chehalis Brick & Tile Co. is using both the
Willapa Pleistocene surface materials and the underlying Eocene
sediments that occur just east of the plant. A nearly continu-

Prate 7

SECTION OF PART OF THE CHEHALIS BRICK & TILE CO. PIT.

The black line marks the unconformity between upper horizontally bedded Pleistocene
clays and lower steeply dipping Eocene shales. Composite sample No. 343 is from
this pit.
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ous quarry-pit with a face as much as 30 feet high has been
opened for a thousand feet on the west slope of a hill near
Highway No. 10. It exposes buff-colored, weathered shales and
clayey sandstones that strike N. 80" E. and dip 40°-50° SE. All
are softened and disintegrated, and at least one 7-foot originally
dark blue-gray shale member has been sufficiently leached at
the surface to be very light gray in color and, incidentally, buff-
firing. Unconformably overlying these beds are yellowish-
and bluish-gray clayey sands, very thin in some places and
making up the whole exposure in others, notably to the south.

Sample No. 343 was taken from a 25-foot quarry face near
the south end of the workings. It is a typical bluish-gray Wil-
lapa Pleistocene altered sand, of which the component grains,
except those of quartz, have become clay. The form and texture
of the original grains are still maintained so the material has a
loose, mealy aspect. Such clay would not be used alone, but
improved by the addition of nonplastic material.

Plastic and dry properties Sample No. 343

¢ v ST R R e L S e Good Volume shrinkage....... 40.6% dry volume
Shrinkage Waler........ccorrsvscnvine 2359 Linear shrinkage......... 16.0¢; dry length

POrE WALBE. . ..vuvrrnsanrrmmsresssesss 12.2¢; Linear shrinkage......... 9.5% wet length

Water of plasticity.......convveenvnan 3579 Dry condition............ Strong

Fired properties Sample No. 343

Cong Color Condition LS9l |T.LB.%d.).| V.8.%d.v.| Abs. A.Por.

010 | Buff-brown Weak, soft 1.0 16.0 3.0 ‘ 19.0 ‘ .5

™ Brown-red Good, hard 2.8 18.8 5.0 14.5 27.8

= Bright Good, hari 3.0 19.6 w2 | 121 2.5
brown-red |

6 Bright Good, hard 5.1 21.1 14.3 120 | 2.0
hrown-red |

10 | Dark brown | Vitreous, good, 8.5 4.5 .8 1.6 9.0

|_ S.H. | | |

Remarks: Best firing range: 04-8. Cone fusion: 11-12. Too much plas-
tic material in this sample. High dry shrinkage. Needs more nonplastic
material. Good fired color and firing range.

Chehalis Brick & Tile Co.—In practice, the clays are used
“run-of-pit”, or, when exceptionally plastic or sandy, so mixed
as to give the best results. The material is dug by hand and
carried to the storage bin at the plant by horse-drawn cars. From
there it goes by conveyor belt through disintegrator and smooth
rolls to a combination pug mill (deaired), auger machine, and
cutter. The ware is dried for approximately 4 days in a 4-tunnel
steam-heated drier, and fired in an 11-chamber semicontinuous
kiln or in a 30-foot round down-draft periodic kiln. Coal is
used for fuel. The capacity of the plant is about 12,000 tons
per year of common brick, various kinds of red face and special
brick, and all sizes of drain tile and hollow block.
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RECENT ALLUVIAL CLAYS
The Chehalis and other valleys are floored with Recent allu-
vial clays. These are flood-plain accumulations that were de-
posited at a time when the land had a somewhat lower elevation
than at present. Drainage is a serious problem in mining such
surface materials; but the excellent quality, as shown by the
tests, warrants thorough prospecting.

Sample No. 327, characteristic of these clays, is from a place
about 3 miles southwest of Centralia just off the valley road
near the center of sec. 24, (14-3 W). It is a soft bluish-gray clay,
irregularly stained with iron oxide. The texture is fine but

sandy.
Plastic and dry properties Sample No. 327

AR Y S a e e ] g e IR Good Volume shrinkage....... 13.09, dry volume
Shrinkage  Water. . iu.ecvisvenamnuns 7.2%  Linear shrinkage......... 4.59, dry length
50T e e i B By o 18.1% Dry condition ............ Fair

Water of plastieity................... 25.3¢%

Fired properties Sample No. 327

Cone Color Condition L.8.%d.). 'T.L.8.9%d.l| V.S.9d.v. Abs, A.Por.
010 Buff-brown Weak, soft 0.0 4.5 l 0.0 22,4 374
06 Red-brown Good, hard 3.1 7.6 | 0 19,7 85.4
2 Red-brown Good, hard 0.7 10.2 16.2 13.4 2.5
14 | Red-brown Good, S.H. 7.7 12.2 21.3 11.2 22.2
34* Dk. brown-red | Good, 8. H. 9.7 14.2 .4 8.0 11.1
-7 Dk. red-brown | Good, S.H. 10.9 15.4 2.1 1.8 4.0
10 Dk. gray- Vitreous, fused, 6.1 10.6 ‘ 17.8 4.2 8.4
hrown S.H.

Remarks: Best firing range: 06-6. Cone fusion: 7-8.
Class of ware: Well proportioned for red and brown structural wares.

Sample No. 326 was taken 1 mile north of Napavine at the
foot of Napavine Hill. The highway crosses the flat Newaukum
Valley here, and Recent alluvial clays are exposed in drainage
ditches. The depth of such material is unknown. The clay is
bluish gray to yellowish gray, and, although sandy, is tough
and compact.

Plastic and dry properties Sample No. 326

g5 P17 T . oAy ou T S Sy N S Good  Volume shrinkage ....... 19.7% dry volume
Shrinkage water................c..000s 10.9¢; Linear shrinkage ........ 7.1% dry length
Sl o 2 A TR N N e 1 I .+ 16.0% Linear shrinkage ........ 6.3% wet length
Water of plagsticlty......vcivenvnraces 26.9% Dry condition ........... Good

Fired properties Sample No. 326

Cone Color Condition l L.8.9%d.). |T.L.5.9%d.1] V.5.%%d.v. Abs. ] A Por.
06 | Red-brown Weak,solt | loivisiiimerlseaiisandes Jforiss e snrs 19.2 3.6
01 | Red-brown Good, hard 34 10,5 2.8 16.0 29.2
3-4*| Brown-red Good, hard 4.0 11.1 11.4 14.8 26.8

__ 6| Brown-red Good, S.H. 6.1 13.2 17.2 L 18.9

Remarks: Best firing range: 01-7. Cone fusion: 9-10. Rather slow to
develop good strength.
Class of ware: Red and brown structural wares.
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Sample No. 337 was taken near Morton in the S% sec. 29,
(13-4 E). It is from the thick mantle of surface material which
occurs in the Tilton Valley and which is derived by weathering
from the sedimentary and igneous rock of the vicinity. It is a
light-brown earthy clay, soft and very sandy.

Plastic and dry properties Sample No. 337

Bod P10 a7 ) o S R R Fair, sandy Volume shrinkage....... 26.1% dry volume
Shrinkage Water........covvvvevennns 13.6% Linear shrinkage......... 96% dry length
PORe - WALEY., .. v rwvrins meaos s g aied 21.1%
Water of plasticity.......cvvvvvvinans 34.7%

Fired properties Sample No. 337

Cone | Color Condition L.8.%dl [T.L.8B.gxd.). V.85.5%d.v. Abs. A.Por.
04 | Red-brown Wenk, soft 3.3 12.9 10.9 2.0 36.4
1 | Bright red- Good, bhard 3.2 128 11.2 17.9 26.5
| brown
6-7* Red-brown Good, S.H.- 5.2 14.8 14.90 12.0 21.8
10 | Dark brown \'esigl!&r. fused, 11.1 20.7 2.7 1.0 2.2
S5.H.

Remarks: Best firing range: 01-8. Cone fusion: 11.
Class of ware: Dark-red and brown structural wares.

LINCOLN COUNTY

Lincoln County, in central eastern Washington, is an area
of rolling plains, incised by valleys and coulees. Basalt under-
lies most of this region, and older formations are exposed at only
a few places in the northeast and extreme north. A thick mantle
of clayey material in general covers the surface and is classed
with the Palouse clay, described from Whitman County (p. 327).
It varies considerably in different parts of the county, in some
places being typically eolian, in others modified by stream action
connected with glaciation, but there is more or less concordance
in the physical properties of the surficial beds. Better clays, so
far unreported, may occur in a few favorable locations, prob-
ably under an overburden of the brownish-yellow Palouse clay.
Expected occurrence would be between Reardon and Edwall,
where pre-basalt granite and metamorphic rocks form prom-
inent hills.

In most places the common surface clays may be used for
ordinary red-fired structural ware. In general, they slake
quickly and completely, have good plasticity, and when not too
“fat” show only moderate shrinkage. They tend to develop
pleasing red to dark-red colors and fuse under cone 6.

Alluvial clays and silts of glacial origin are found in terraces

bordering the Spokane and Columbia rivers. Such materials
are mostly light to dark gray in color and closely resemble the
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silty clays occurring in Stevens, Ferry, and Okanogan counties.
So far as known, these clays are red firing, but one deposit in
sec. 30, (27-39 E) is apparently of somewhat better grade. A
partial analysis shows it to contain 62.7 percent silica, 23.5 per-
cent alumina, and 2.61 percent iron oxide, thus possibly placing
the clay in the buff-firing class. No samples were available for
testing.

MASON COUNTY

Mason County includes an area of 730 square miles just west
of Puget Sound. The northwestern part reaches into the Olympic
Mountains, and the rest of the county is moderately rolling and
hilly. The county is well supplied with clays suitable for com-
mon brick and other ordinary products but contains no known
deposits of the better clays or shales. Metamorphic rocks in the
more mountainous part, and basic igneous rocks in other regions

form the bedrock, and even these are generally concealed by a
thick mantle of glacial deposits except in the most elevated
portions. It is only under the drift in the southwestern part
of the county that usable shales occur, and there outcrops are of
rare occurrence.

Sedimentary strata that have been partially metamorphosed,
and so indurated as to have lost most or all of their plasticity,
occur for about a mile along the west shore of Hood Canal be-
tween Hoodsport and Lilliwaup. The formation is excellently
exposed in cuts on Highway No. 101 as beds of greenish-gray
very hard, flintlike, siliceous shale, and nearly black hard fine-
grained shale. The strike is S. 40° W., and the dip, 60° SE.

Samples No. 363-A and 363-B, of these members, developed
no plasticity or strength upon testing, and fired to dark-red
vitreous bodies at cone 02. They are not suited to commercial
use.

Just south of these exposures, on both sides of Sund’s Creek,
are softer sandy shales, which show remarkable examples of
the rosettes formed by spheroidal weathering. This feature is
also characteristic of the exposures to the north.

Sample No. 363, of the Sund’s Creek shale, is greatly weath-
ered and jointed, and has been stained yellow and brown by
limonite, but it is still a rather hard, brittle material.

Plastic and dry properties Sample No. 363

PIABLICHET i st ainas s v e Very weak Volume shrinkage.......12.4¢9, dry volume
Shrinkage Water.......icivassissesis 1.5% Linear shrinkage......... 4.39% dry length
BPOre WRLEE. .. iildny v o s s 272%

Water of plasticity... .. insveiivinins 34.7%
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Fired properties Sample No. 363

t‘ﬂ\m-r Color ‘ Condition L.8.%d.1. "T‘_ L.S.4¢d.l.| V.8.9d.v. ‘ Aba, A.Por.
2 | Dk. red-brown | Crumbly, hard 5.4 0.7 15.3 15.5 i 24.1
-7 | Red-brown Good, S.H. .4 10.7 18.0 10.1 18.7
and black ]

Remarks: Best firing range: 02-5. Cone fusion: 7-8. High percentage of
dry pore space; weak plastic strength.
Class of ware: Brown and red structural wares.

Great thicknesses of soft stratified glacial clays are exposed
in some of the road cuts along Hood Canal, notably near Eagle
Creek, and in cuts at the south end of Totten Inlet. A little over
9 miles, by road, northwest of Olympia, in the SE') sec. 32,
(19-3 W), is a cut 150 yards long and 12 feet or so high, in
horizontally stratified clays. These probably have an origin
connected with the Admiralty glaciation, but resemble in ap-
pearance and properties the Pleistocene deposits of southwestern
Washington. The cut exposes 3 feet of soil grading downward
into a silty clay. This is underlain by 1 foot of brown somewhat
decomposed gravel; 6 feet of compact iron-stained silty clay
that is rather shaly (sample No. 372); and, finally, 3 feet, with
base concealed, of gray and very dark gray fine, plastic clay
(sample No. 371). Some bedded gravel is present, of which all
but the quartzite pebbles have decomposed to clay. Typical
unaltered glacial gravels and a few boulders form a scattered
overburden and also occur in an old erosion channel near the
center of the cut, but this represents a later depositional feature.

Sample No. 371, of the lowest exposed stratum, is very dark
brownish gray in color with some lighter and bluish phases. It
is uniformly of fine texture, rather free from sand, and is a tough
unctuous clay,

Plastic and dry properties Sample No. 371

Plasticity ......covvevvnneenns Good, strong Volume shrinkage....... 76.7% dry velume
Shrinkage Woabel. ... cvsipesmmnsnsmss 38.7% Linear shrinkage......... 31.6% dry length
BOTE WALEY. . v atvicisivs vt sins jsiensinsieins os 17.2%
Water of plastiolty.......vevivcensins 55.9%

Fired properties Sample No. 371

Cone Color Condition LS. TL8.9%d.1| V.8 %d.v. Abs. A Por.

0402 | Dark buff | Mucherackea, |~ 7 | @7 | 208 % | uz
01 | Dark buft 31:’5(:'1; oy v, Al IS ) e IR [ 2.4 5.5
6-7*| Brown-buff ‘lll;:l}l-; .l'l’lll'kl'll. 7.7 30.8 2.4 2.5 .4

10 | Mottled brown | Veryamueh | eeiseverses|asansnainsns | ....................... R LA
eracked, 8.H,

lﬂ"l Light brown Few blisters, 7.8 30.4 1.6 2.6 | 5.0

| B:H., J

Remarks: Best firing range: 06-10. Cone fusion: 19. High content of
plastic material, causing high shrinkage and cracking.
Class of ware: Add nonplastics for brown-buff structural wares.
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Sample No. 372, of the 6-foot bed, is a reddish brown and
yellow shaly clay. The bed is greatly jointed, the planes being
marked by a thick coating of limonite. Decomposition has

changed most of the included grit to clay, forming a rather “fat”
material.

Plastic and dry properties Sample No. 372

53T s o ARSI PSR ol Good Volume shrinkage,......39.1% dry volume
Shrinkage water...........ociviiiiin 225¢, Linear shrinkage......... 15.2% dry length
FOLE TWRILES, s xS 24.1%
Water of plasticity........cvoveviines 47.29;

Fired properties Sample No. 372

Cone Color Condition L.8.9%dl. IT.L.8.5d.1.] V.85.%d.v. A, A.Por.
06 Red-brown Weak, soft 7.6 2.8 2.2 18,0 .5
(4* Speckled red- Good, hard 7.8 2.0 2.6 15.4 B0

brown _
2 Speckled red- | Good, 8.H.- 8.0 23.9 2.1 14.5 x4
brown

6-7* Speckled red- Good, S.H.- 9.6 24,8 26,1 15.2 0.9

brown

Remarks: Best firing range: 04-7. Cone fusion: 10. High shrinkage, but
good firing range.

Class of ware: Add nonplastic material for red-brown structural wares.

OKANOGAN COUNTY

Okanogan County, the largest in the State, is in the north
central part of Washington. It is part of the rolling, mountain-
ous region known as the Okanogan Highlands, and has an area
of 5,221 square miles. The old metamorphic rocks, common in
the county, would not be expected to contain usable clay mate-
rials. Some of the well-indurated argillites might have plas-
ticity developed by fine grinding, particularly in water, but, so
far as known, they originated from very ordinary, impure clays
and so have no properties to warrant special treatment. How-
ever, the most abundant rock is granitic, so deposits of high-
quality residual clay or valuable sedimentary beds would be
expected to occur in favorable places. It would appear that
in the 80 years of mining, the occurrence of good clays would be
known if they exist at all. On the other hand, the region was
glaciated in Pleistocene time, and such soft surficial deposits as
were not removed by the ice may have been covered by glacial
sediments. Also, areas of lower elevation and slow erosion,
where clays might well exist, have a deep soil and grass cover,
so, as a general thing, little is known of the subsoil.

The abundant silts and silty clays that occur throughout the
valleys are Pleistocene deposits formed by the erosion of a great
variety of rocks, hence they are impure (from a ceramic stand-
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point) and of very restricted use. During the retreat of the ice,
the glacial “rock flour”, with more or less sand and gravel, was
laid down in lakes marginal to the ice. The depth to which
these sediments accumulated and the great extent of the backed-
up water is shown by terraces and benches in all the northern
valleys well into Canada. Later the lakes were drained and the
loose sediments were eroded from stream valleys, leaving ter-
race remnants up to several hundred feet above the present
channels. The deposits have somewhat the uniformity of prop-
erties shown by the Puget Sound glacial clays, so a few samples
taken here and there in the northeastern counties are adequate
to indicate the characteristics of this material.

The only sample taken of pre-Pleistocene rock was from 4
miles northeast of Oroville, where the highway along Tonasket
Creek is graded through a highly fractured black graphitic
argillite. This material is interbedded with basic igneous rocks
and strikes eastward, dipping 45° to the north. A great amount
is indicated, for a thickness of over 100 feet is exposed, but
tests show little worth in spite of the local belief that the rock
has particular value.

Sample No. 152 of this argillite has a glossy bluish-black
color. Beside graphite, which is present in sufficient quantities to
soil the fingers, the rock contains abundant calcite and some
quartz. The rock is soft and easily broken but is not so easily
pulverized.

Remarks: With 18.4% water a fair plastic strength results. When fired
between cones 1 and 3, a buff-brown body is produced. When fired below
cone 05 and cooled, the test bars disintegrate, probably owing to the lime
content,

Sample No. 153 was taken from a low bench near the Okan-
ogan River about one-half mile southeast of Oroville. Here a cut
30 feet long and about 15 feet high has been made in a stratified
bed of medium-fine gray silt. The strata dip 20 N., a local
feature in otherwise horizontal beds. Like most of the silts it is
low in cohesiveness and, when dry, disintegrates to powder when
pressure is applied. Occasionally this material is hauled to
Oroville, where it is mixed with a light buff-colored soft clay that
occurs as a 4-foot alluvial deposit under surface sand and loam,
and used for common brick.

Plastic and dry properties Sample No. 153

1 AL e v e Weak Volume shrinkage.......10.0% dry volume
Shrinkage Water........ccopeas0sam00 6.1 Linear shrinkage......... 3.5% dry length
R B, L et wimierets v s e o 235%  Linear shrinkage......... 259, wet length

Water of plasticity..... cvvvevvevnnes 29.69 Dry condition........aves Weak
-7
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Fired properties Sample No. 153

Cone Color ‘ Condition LS%dl. T.L.8.gd.)| V.8 %dy, Abs, A Por.
06 | Buff-brown Weak, very soft 0.2 3.7 0.6 8.2 | 43.2
01 | Dark brown Fusion starting, 10.7 14.2 28.6 3.2 T2

[ 1% .
1 | Brown-hlack Badly fused, 12.7 02" | B4 0.0 0.0
S H.

Remarks: Best firing range: 04-02. Cone fusion: 3-4. Fired shrinkage a
little high; weak plastic and dry strength; short firing range.

Class of ware: Used as part of mixture for common brick.

Oroville (J. H. Finnie) Brick Yard.—This plant is located in
Oroville and operates on the deposit of buff clay just mentioned.
The clay is scraped from a shallow pit, not over 6 feet deep,
and carried to a soak-pit. After 24 hours it is ready for the horse-
powered soft-mud brick machine. Drying is in the open air and
requires about 3 days. Firing is in a scove kiln, 2 days being
allowed for water smoking and 6 or 7 additional days for the
actual burn. Except for 3 years, the yard has operated steadily
since 1912 and makes about 150,000 common brick per year.

On the west shore of Lake Osoyoos, a large silt deposit occurs
which is similar in appearance and in physical characteristics
to other beds of this material. Near Omak large beds of sandy
gray silt are exposed up the coulee northwest of town. Little
of value occurs here, as all the clays are low in bonding power.
Similar materials occur at Okanogan and at Riverside. Shedd®
reports the occurrence of clays between Riverside and Conco-
nully in the Scotch Creek basin and also at several other places
in the county. Analyses of these soft high-iron alluvial silts and
clays are given in appendix 2.

Sample No. 154 was taken about 1 mile east of Brewster on
Highway No. 97 where a compact light-gray clayey silt is ex-
posed in the steep banks of a coulee. The beds are from 10 to 20
feet thick and show some tilting but are, in the main, horizontal.
The material is fine and even grained, and large amounts are
available. The overburden of gravel would prove objectionable
if the deposit were to be utilized.

Plastic and dry properties Sample No, 154

Plasticity o g e s S e Weak Volume shrinkage....... 6.9% dry volume
Shrinkage water. ... ... il 4.0% Linear shrinkage......... 249, dry length
Bore e Ler s b o e D e 19.3% Pry ‘conditlon. ol iiininideeaih Weak

Water of plasticity..... . .oviiiiiaaes 23.39%

() Shedd, Solon, Cement materials and industry in the State of Washington: Wash-
ington Geol. Survey Bull. 4, p. 168, 1913,
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Fired properties Sample No, 154

l'-nll{-| Color Condition | L.8.9%l.1. ’l'_L,S.{.-.:d.I_' V.5.%d.v. Abs, A.Por.
06 | Buff-brown Weak, very soft -0.4 2.0 -1.1 23.4 7.9
04 | Red-buff Weak, soft 1.6 4.0 4.7 0.4 5.0
02-01 | Dark buff- Good, S.H.- 5.1 CEt 14.5 15.1 24.9

| brown |
1 | Dark red- Vitreous, good, 11.4 13.8 30.6 1.8 4.2
brown S H.

3% Red-brown to | Fused, 8, H. 4.5 16.9 3.5 0.0 0.0

blaek l

Remarks: Best firing range: 03-01. Cone fusion: 4. Weak plastic and
dry strength; slow to develop fired strength; short vitrification period.

PACIFIC COUNTY

Pacific County is an area of 895 square miles in the extreme
southwestern part of the State. Although not mountainous, it
is a region of considerable relief, with a hilly, rolling topography.
The bedrock consists of Eocene and Miocene basalts and a great
stratigraphic thickness of Eocene, Oligocene and Miocene sand-
stones and shales. Overlying these, especially in the western
part of the region, are Willapa Pleistocene clays, sands, and
gravels. These are similar to the beds of Grays Harbor County
and their occurrence and characteristics are much the same.
In basaltic areas protected from erosion, a reddish-brown re-
sidual clay occurs similar to that which was sampled in Cowlitz
County (see sample No. 341).

SHALES

Thick beds of shale, principally of marine origin, occur in
the various sedimentary series and have been exposed in many
of the cuts on the Chehalis-South Bend road. This highway
parallels the Northern Pacific Railway down the Willapa Valley
so that strata, where exposed and sampled, are all adjacent to
rail transportation.

East of Francis, 114 miles, the road is graded through a low
ridge in the SE1j; SW1/ sec. 6, (12-6 W). Thin-bedded uniform-
textured shales occur here for 250 feet. The strike is approx-
imately north, and the beds dip 20° E. There is no overburden
except 3 feet of soil from weathered shale. The shale outcrops
as a ridge and so makes open-cut mining feasible.

Sample No. 348, from the 15-foot lowest shale stratum with
base concealed, is a light yellowish-gray color which with further
weathering becomes buff and darker yellow. It is somewhat



196 Clays and Shales of Washington

sandy but is fine-grained and “fat”. The material is laminated
and moderately compact.

Plastic and dry properties Sample No. 348

Plagtieityi vt Fair, but crumbly Volume shrinkage....... 46,49 dry volume
Shrinkage "“Waleril. .. .c.oernarsat: 26.59%  Linear shrinkage......... 18.89; dry length
Pore WALED v i e e e 20.3%
Water 'of pIasticity. ... vovevscmmumenns 46.89%

Fired properties Sample No. 348

Cone Color Condition L.8.%d.). T L.8.9d.1! V.S8.%d.v. Abs, A.Por.
08 | Light buff- Weak, soft 1.7 20,5 5.0 18.5 2.7
brown
04 Bright buff-red | Good, S.H. 8.0 205 2.4 4.5 10.6
01 | Bright bufi-red | Good, S.H. 0.4 28.2 2.8 3.0 6.8
i | Dk, red-brown | Good, 8,H. 10,6 20.4 R4 1:9 4.6

Remarks: Best firing range: 06-8. Cone fusion: 11-12.

Class of ware: Good color and firing range for red and brown structural
wares, but shrinkage should be reduced.

A longer cut one-half mile west of Lebam exposes weathered
shale very similar to the above, but entirely unweathered
material also occurs. An immense quantity is available under
only a foot or so of surface soil. Some of the strata carry siliceous
concretions as much as 6 inches in diameter. The strike of the
beds is N. 30" E., and the dip, 20° NW.

Sample No. 349, of the unweathered shale, is very dark gray
and has a bluish tone when fresh. It is sandy but has a mod-
erately fine texture and is tough and hard.

Plastic and dry properties Sample No. 349

AT 3o T R s S e S e e s Good Volume shrinkage....... 32,09 dry volume
Shrinkage water......covivveersssans 17.64% Linear shrinkage......... 12.1% dry length
POTE WELBT. 0% 0ot vt oo b S S e bk 55 19.6%
Water of plasticity........cvvvevmenens 37.2%

Fired properties Sample No. 349

|
Cone Color Condition LS.%d) T.L.S.%d.l| V.8.%d.v. Abs, A.Por.
08 | Buff-hrown Weak, soft 0.5 12.4 2.3 18.9 3.2
4 | Dk. red-brown | Seummed, good, | 5.3 17.4 15.0 1.7 10,0
[ 8.H.
02 | Dk. red-brown | Seammed, 7.8 10.4 20.4 .4 7.8
eracked, S.H.
+ | Dk. red-brown | Good, S.H. 8.7 20.8 24.0 3.1 7.0
6 | Dk. red-brown | Vitreous, ~2.2 .9 6.3 14.4 23.5
vesieular, S.H.

Remarks: Best firing range: 06-2. Cone fusion: 8.
Class of ware: Red-brown structural wares, if shrinkage is reduced.
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Two miles southeast of Raymond a large exposure of thin-
bedded shales is made by a cut on Highway No. 12. The strike is
approximately east, with a dip of 30 S. Some of the beds are
“fat”, others are very sandy; so a mixture could be obtained in
mining that would not have too great shrinkage.

Sample No. 350 is a general sample and includes both sandy
and unctuous shale. The colors are rather light yellowish grays
and darker yellows and are unevenly placed due to differential
leaching between sandy and impervious strata. Necessarily the
texture is nonuniform.

Plastic and dry properties Sample No. 350

Plasticity.....cv..n Good, slightly erumbly Volume shrinkage....... 45.7% dry volume
Shrinkage Water....;:iv.civeivssssrass 27.09% Linear shrinkage......... 18.49; dry length
POre . WHLY i e sins s voaa's anla/alain yiaa s 20.7%
Water. of plasticity...icvivirviisiieies 47.7%

Fired properties Sample No. 350

|
Cone | Color Condition LS.l T LSSd]| V.S.%d.y. Ahs, A.Por.
08 | Light bufl- Weak, soft I 20.1 5.1 17.1 90,8
brown
4 | Bright brown- | Good, S.H. 0.2 23.6 14.9 7.2 15.1
| _red
i | Bright brown- | Good, 8.H. 6.2 2.0 17.5 G.5 15.4
red
1 | Bright brown- | Few cracks, 6.4 24.8 18.0 5.5 11.6
| e good, 8. H.
&7 Bright brown- | Black specks, 4.9 8.3 13.9 2.5 5.7
'! red good, §.H.

Remarks: Best firing range: 06-01. Cone fusion: 8. Shrinkage should
be reduced.
Class of ware: Good color for red and brown structural wares.

Other thick beds of shale similar to the above are exposed in
grading operations on the Chehalis road about 1 mile southeast
of Raymond. The location is near the top of a hill and this,
together with the thick to massive bedding, would make the
material very easily handled. More sandy phases, to overcome
the excessive shrinkage shown by the sample, could no doubt
be obtained.

Sample No. 351 of this shale is more uniformly fine grained
than sample No. 350, but also it contains fewer of the highly
argillaceous phases. It is a compact material but is not very

hard.
Plastic and dry properties Sample No. 351

Plasticity.....cconnes Fair, though crumbly Volume shrinkage....... 68.59;, dry volume
SHYinkage WBRar. . i 39.1¢; Linear shrinkage......... 28.29% dry length
BTG ALY S a3 h R el 17.0%

Water of plasticity......iciviviveenns 56.1%
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Fired properties Sample No. 351

Cone | Color Condition L.S.%d.0. I"]‘.L‘H."_.-;d 1| V.8.%d.v. Abs. A.Por.
(% | Light brown- | Good, hard 1.7 ‘ 2.9 4.9 94 | 4
M* Bl!;glfl't huff- S.H.- 8.2 3.4 4.7 I 6.1 32,1
03 B:Il;;dht bufl- S.H.- 6.0 ‘ H.2 17.0 6.0 | 121
02 B:il;jht buff- S.H. 6.9 H.1 10 [ansnaRaviis:
i B:ll;}lt brown- | 8.H. 8.8 3.0 4.2 kS

e |

Remarks: Best firing range: 07-7. Cone fusion: 11-12. Too much plas-
tic material causing high shrinkage.

Class of ware: Good color and firing range for red and brown structural
wares.

West of the business center of Raymond 14 miles, the rail-
road and highway round the foot of a hill where a 30-foot cut
has been made in shales. The strata are exposed for over 200
feet along the road and have a stratigraphic thickness of over 70
feet. The structure is varied by several minor faults, but in the
main the strike is S. 10° W., and the dip, 30" SE. No pronounced
sandy beds are included in the section, but there are some few
thin concretionary lenses. The upper 10 feet of the cut is
weathered shale of brown and vellow color; below this zone,
however, the shale is nearly black. All the material is finely
jointed.

Sample No. 352 is from several places in the exposure. It is
very dark gray, nearly black in color, is free from sand, and is
very compact and brittle. Cut surfaces show a waxlike sheen,
indicating the even, fine texture and high content of clay sub-

stance.
Plastic and dry properties Sample No. 352

PIRSICILY. o il i e e e AT Fair Volume shrinkage ....... 26.1% dry volume
Shrinkage water (L. . iiicessaie 14.0% Linear shrinkage ........ 9.69% dry length
P OTE AR orsfiaer s v s e ae e e U 5 19.49%  Linear shrinkage ........ 7.8% wet length
Water of plastielty ....ccvveviresssnn 33.49% Dry condition oo, .. vivinesii See "Remarks"

Fired properties Sample No. 352

Cone Color Condition L.8.%d.). 5'l‘.l..!-_‘-.',41|.1.' V.8.%d.v. Abs, A Por,
o6 | Lt. red-brown | Weak, soft | 2.0 | 12.5 84 16.7 0.2
M* Red-brown oo Slard: P Al s s e 12.5 2.8
0% Red-hrown oo a0 15.1 10.1 8.2 15,3
1 | Red-brown Vesicular, | -1.2 | 8.4 -3.6 0.5 15.9

swelled, 5.H.-
6* Dk, red-brown | Vesieular, ‘ ~1.6 s.0 S Sl e | L e
swelled, S.H.

Remarks: Best firing range: 05-02. Cone fusion: 7. Needs finer grind-
ing for best dry strength. Short firing range.
Class of ware: Red-brown structural wares.
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WILLAPA PLEISTOCENE CLAYS

The Willapa Pleistocene clays and sands of Pacific County are
similar to those occurring in Grays Harbor County. They extend
south across the county and for a number of miles back from
the ocean and from Willapa Bay as horizontally bedded deposits
commonly of great thickness.

Streets at South Bend have been graded through Pleistocene
sediments that have the appearance of moderately compact gray
shales, owing to the drying and separation on bedding planes of
the laminated clays. Many years ago a small plant operated here
on these clays, and in spite of scant equipment and the lack of
modern methods a fair quality of brick and hollow block was
made.

In cuts on the South Bend-Bay Center road the sediments are
exposed in the rolling hills at considerable height above sea
level. The strata vary from massive to thin-bedded and lam-
inated, and are almost invariably flat-lying. The sands are gray
and bluish gray, mostly very argillaceous, and weather to buffs
and dark yellows. The unweathered clays are dark bluish gray,
soft, and plastic; they are fairly pure in some places, sandy in
others. Weathering and accompanying leaching in some parts
of exposures may lower the iron content and produce light-gray
clays that have a deceptive appearance of high quality; this,
however, is a purely local feature of no economic significance.

Sea cliffs on Willapa Bay evervwhere expose sections of the
Pleistocene sediments. On the west side of the peninsula upon
which Bay Center is built is a typical exposure in which shell
beds and drift wood indicate comparatively recent emergence.
The conditions of deposition were similar to those prevailing in
the Bay at the present time.

Section near Bay Center

Feet

AR o s o 2T Syl AN b i I, B o e, RN e 3
Clay and sand, buff-colored, thin-bedded; contains unaltered

QUL OO 1o e e e e e B o0 ) ol 214 0 o8 s om e Ya e o2 4105 16
SlaellBbedi 22 Ny ailoas, s T W me SU AN s e e N 3
Clay, gray, soft and, in part, sandy. (Sample No. 353)....... 8

Level of low tide

Clay, continuation of the above member, shown in wells.... 12
AT s e e s Al e e R S A e e e AN PR e s

Sample No. 353 was taken from the lower bed of clay. When
drilling for water, this particular stratum was shown to be 20
feet thick and underlain by sand. It is a dark muddy-gray very
soft clay. The texture is uneven and, on the whole, rather sandy.
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Plastic and dry properties Sample No. 353

Plastlelty  ociaieitegiesescas panee v Good Volume shrinkage ....... 36.87 dry volume
Shrinkage water ........ccceivavnins 204%  Linear shrinkage ........ 14.29, dry length
e b T M R e e 19.1%
Water of plasticity ........ovcienvaen 39.5%

Fired properties Sample No. 353

Cone Color Condition LS.9dl T.LS89%A.1 V.8.9%d.y. Abs. | A.Por.
010 | Buff-brown Waoak, soft 1.2 15.4 34 2.5 3.5
06 | Red-hrown Good, hard 3.5 | 10.2 17.1 3.1
o | Dk. red-hrown | Good 9.1 93.3 25.0 2.6 8.4
02 | Dk, red-brown | Good 0.7 23.9 26.3 1.6 3.8
2 | Dk, red-brown | Badly swelled, 8.3 22.5 2.8 25.0 40.8
o el Pl T 0 0 P I B e e A iy B O e AR (B e

Remarks: Best firing range: 06-02. Cone fusion: 5. High shrinkage;
early fusion. ’
Class of ware: Red and brown structural wares.

PEND OREILLE COUNTY

Pend Oreille County is in the extreme northeastern part of
the State. It is an area of 1,472 square miles, partly rolling hills
and valleys but in the main rugged and mountainous.

Metamorphosed sediments are abundant, as in Stevens and
other northern counties, and would not be expected to contain
useful clay materials or upon decomposition to give rise to
clays of value. Shales have been reported to occur at various
places with limestones that were being quarried for cement, but
they are better termed argillites. They are nonplastic, and
properties which might make them useful for ceramic purposes
have been largely destroyed. Analyses are given in appendix 2
of such rocks (see numbers 137, 141-3, 149, and 150-164A), and
one typical sample was taken for testing.

The occurrence sampled is a mile north of Ione in the hillside
just north of the old limestone quarry of Cement, where a light-
colored argillite forms an extensive outcrop. The rock has a
finely laminated irregular cleavage, not parallel to the bedding,
and splits into plates and scales. Although compact and tough,
it is only moderately hard, has little if any grit, and is easily
cut by a knife.

Sample No. 146, of this material, is gray in color and has a
satin-like sheen and texture. '

Plastic and dry properties Sample No. 146

PIaRtIeItY. ot e he e e Weak  Volume shrinkage ........ 9.0% dry volume
Shrinkage water . ......-iisneaioss 4.7% Linear shrinkage ......... 3.1% dry length
POTE WRLET w2 i in i e b s e T s 13.5%:  Linear shrinkage .........2.47% wet length
Water of plasticity ................. 182% Dry condition .......... Poor dry strength
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Fired properties Sample No, 146

|

t‘um»i Uolor Condition L.S.%%d.1. I’I‘.I...'i.'_.}_(l.],i V.8.9%d.v. Abs, A.Por.

s | Lt, buff-brown | Weak, soit -th.5 2.8 -1.4 17.3 3.5

03 | Lt. brown-bufl | Cracked, hard | ......cooiiificnininrans e 15.2 29.9

4% Dk. brown-red | Vitreous, no | ............ e e P s it 4 wea e 4.2 10.3
fusion, S.H, |

|

Remarks: Best firing range: 04-4. Cone fusion: 6-7. Weak plastic and
dry strength.
Class of ware: Add more plastic material for red-brown structural wares.

It is in the great areas of granitic rock that the better clays
would be expected. Extensions of the granite masses which have
given rise to part of the high-grade clays of the Spokane region
occur in Pend Oreille County. Erosion has been very active and
the country has been glaciated, but in favorable places, as
southwest of Newport, it is entirely possible that good clays
may exist. Unfortunately, areas where residual clays or buff-
firing Latah beds would be expected to occur have been covered
with glacial sediments, and so far, no clay of high quality has
been reported.

Tertiary sediments occur in a narrow belt from Lost Creek
to north of Ione, a distance of about 12 miles. The series includes
conglomerates, arkoses, and subordinate shales. Some of the
last are carbonaceous, and it is possible that buff-firing varieties,
possibly fire clays, may be present.

Much of the same condition existed in this county during
Pleistocene time as in the other northern counties. Drainage
was interrupted in the Pend Oreille Valley, and thick deposits
of silt and sand accumulated. When the ponded waters were
drained off, the river removed all but remnants of the alluvial
deposits, and these now stand in terraces high above the present
river level. Road cuts and natural exposures reveal an enormous
amount of these silty clays, but they are all red-firing and mostly
show weak plasticity and high shrinkage.

Characteristic silts are exposed along the highway at sev-
eral places between Ione and the old town of Metaline. About
175 miles south of Metaline the road is graded through terrace
deposits of thin-bedded sediments for nearly a quarter of a mile.
The strata are practically horizontal, though warping and slump
cause local variations in structure. All are of a light-buff color.
Certain beds have a relatively high clay content and a resultant
normal specific gravity; others have a low apparent specific
gravity. They have a bluish-gray color when damp and are
smooth and free from grit.

Sample No. 142 is representative of the less silty clays.
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Plastic and dry properties Sample No. 142

Plagticity .. i cin nne i animnies Weak Volume shrinkage ........ 9.4% dry volume
Shrinkage Water . iiivire i sissabess 5.5%  Linear shrinkage ......... 3.3% dry length
F e Y T A Pl I O v 22.4%  Linear shrinkage ......... 2.8% wet length
Water of plasticity ................. 219% Dry condition ........... Poor dry strength

Fired properties Sample No. 142

|
Cone Color | Condition ‘ L.S.0d.1 %'F.L.S,%LL V.5.9%d.v. Abs, A.Por,
010 | Bufi-brown | Weak, very soft 0,3 2.8 14 20,1 41,2
2 | Red-brown Seum, good, 3.4 6.7 0.8 18.2 2.5
| hard

Remarks: Best firing range: 02-1. Cone fusion: 3-4. Weak plastic and
dry strength; high firing shrinkage; short vitrification range; red and brown
fired color; difficult to handle.

The bulk of the material making up the 10- to 20-foot expos-
ures in this vicinity is an ordinary silt, although very fine and

even grained. It lacks the cohesiveness of clay and becomes a
velvet-smooth powder when lumps are crushed between the
fingers. It is light in weight and free from sand.

Sample No. 143 is of the silt alone.

Plastic and dry properties Sample No. 143

Blastieity. oo s er s et e Poor Volume shrinkage ....... 10.4% dry volume
Shrinkage water i fiiiysavis e 6.47%, Linear shrinkage ........ 3.69% dry length
POre WREY S i R v d b sed e e L 24.0% Dry condition ........... Weak

Water of plasticity .................. 30.47%

Fired properties Sample No. 143

Cone Color | Condition L.8.9d.). T L.85A) V.8 %d.v. Abs, |  A.Por.
| | .
06 | Bufi-hrown Soft | 0.1 | 8.7 | 0.3 5.1 l 40.2
04 | Lt. bufi-brown | Good, soft 1.2 | 4.8 3.6 4.4 3.1
1 | Dk, red-brown | Vitreous, 13.9 17.5 36.2 0.0 0.0
| good, S.H. |
34" Red brown- | Partly 13.9 17.5 36,2 0.0 0.0
black fused, S.H. |

Remarks: Best firing range: 02-1. Cone fusion: 3-4. Weak plastic and
dry strength; high firing shrinkage; short vitrification range:; red and brown
fired color; difficult to handle.

The town of Ione is built on the flat top of an extensive ter-
race bordering the Pend Oreille River. The general elevation
is about 100 feet above the present river level, and in the steep
bluffs leading down to the water is exposed an immense thick-
ness of stratified bluish-gray to buff clay. That the whole bench
is composed of clay with minor amounts of gravel or sand is
proved by wells that have been put down at various places,
so the tonnage available is practically unlimited.
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Sample No. 145 was taken from the bluff on the south side of

Muddy Creek, where that stream empties into the river. Hori-
zontal strata of thick-bedded gray clays and silty clays are ex-
posed here in nearly vertical faces more than 50 feet high. The
sample is characteristic of most of the material. It is very fine
and even grained but carries some grit. Although this material
contains more clay substance than many of the silts and is more
plastic, vet its low resistance to pressure when dry shows its silty
nature.

Plastic and dry properties Sample No. 145

1 ma E e o o B e B Weak, silty  Volume shrinkage ....... 14.1% dry volume
Shrinkage Water ......seessvarssssns 8.3% Linear shrinkage ........ 4.99% dry length
Pore water ....... O T 21.2%; Linear shrinkage ........ 4.29% wet length
Water of plasticity ..:.cocvviiicaiian 2959% Dry condition ........... Weak

Fired properties Sample No. 145

(‘om.-l Color Condition L.B.czd.l. |'1‘J,.S.‘-};.(I.], V.8.%d.v. Abs, A.Por.
|
08 | Lt. buff-brown | Weak, very soft 0.6 b.d 1.8 2.7 5389
05 | Buff-hrown WERKLBOIE |l ssascreermes e (AR o | [T I Wil 22.4 0.2
02 | Red-brown Good, 8.H. 6.1 | 11.0 17.2 6.4 14.1
2 | Dk. red-brown | Vitreous, 10.2 151 27.7 0.0 0.0
good, 8 H, |
28 | 218 0.0 0.0

44* Dk. red-brown | Fused, S.H. 7.0 128

Remarks: Best firing range: 04-01. Cone fusion: 3. Weak plastic and
dry strength; high firing shrinkage; slow to develop fired strength; short firing
range.

Sample No. 147 was taken from the water’s edge on the Pend
Oreille River about half a mile south of the mouth of Muddy
Creek. Bluish-green clay crops out here and occurs in large
quantities in the banks of the river. It is smooth and plastic and
is very uniform in texture. When dry it has a gray color and
becomes moderately hard and brittle. This clay contains some
very fine sand and is also slightly calcareous.

Remarks: Test shows this material to be in no way exceptional, and,
except for somewhat greater plasticity, it is very similar in properties to
sample No. 145.

Wells in Ione are reported to penetrate a deposit of light-
colored clay about 15 feet in thickness before coming to the
water-bearing gravel.

Sample No. 144, said to be characteristic of this clay, was
taken from a shallow test pit put down near the post office. It is
a good grade of red-firing clay. The sample is a very light yel-
lowish gray when dry and is very compact. Although it contains
a small amount of grit, it is smooth and plastic.
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Plastic and dry properties Sample No. 144

Plagticity: v husdaniidihsanatad e e Good Volume shrinkage ....... 25.49, dry volume
Shrinkage water ................0000 13.1%  Linear shrinkage ........ 9.3% dry length
POPe WAIBY! 5 ulanissiasisinsisiainie sy sibmne 16.0%  Linear shrinkage ........ 6.79% wet length
Water of plasticity .......cocvnieinin 29.1%

Fired properties Sample No, 144

L‘.onul Color |‘ Condition L8gud]. T.L.S.%d.] V.8.%dy. Abs. A Por.
06 | Lt. red-brown | Light scum, 5.8 15.1 16.5 10.9 .5
good, S.H.-
5-04 | Red-brown TG s e semcisan cenn i s snssesse 7.0 4.4
good, S.H
03 | Red-brown R R L e e sy 0.0 0.0
seum, S.H.
2 | Glazed dark Fused, 21 11.4 6.2 5.2 0.0
red-brown deformed, S.H.

Remarks:; Best firing range: 07-02. Cone fusion: 3-4. Shrinkage a little

high.
Class of ware: Add more nonplastic material for red and brown common

structural wares.

A well put down in the NE. cor. sec. 1, (37-42 E), just west of
Tone, went through some 70 feet of sediments. Some strata are
fine-grained smooth clays very low in grit, while others are more
sandy but mostly of very fine texture. Similar clays, hori-
zontally bedded, are exposed in nearby road cuts so that great
amounts, well situated for handling, are available.

Sample No. 141, from material removed in sinking the well,
shows variations in color from gray to buff and considerable
variation in texture.

Plastic and dry properties Sample No. 141

PLAStICIHY coczoinie il s vl e Weak Volume shrinkage ....... 19.4% dry volume
Shrinkage water .........c.coevennss 10.1%, Linear shrinkage ........ 6.9% dry length

POre Wabl | i o ey s el e e 18.5% Linear shrinkage ........ 6.7% wet length

Water of plasticity ...........coii0an 28.6% Dry condition ........... Weak

Fired properties Sample No. 141

Cone Color Condition L.S.ed.l. ;"I‘.L,S.‘,‘fpli.l. V.8.%d.v. Ahs, A.Por.
06 | Buff-brown Weak, seum, soft| 0.7 7.0 1.9 18.8 82,4
01 | Dk. red-brown | Good. S.H. B 16.7 26.6 4.0 9.3

1 | Dk. red-brown | Lightly 8.1 15.0 22.3 0.1 0.2
stuck, S.H.

Remarks: Best firing range: 05-02. Cone fusion: 4. Short firing range;
weak plastic and dry strength.
Class of ware: Would be difficult to make into ware.

Clays of the same general nature as those occurring near Ione
are found at many places up the river. Thick irregular deposits
occur at Blue Slide; these are dark-gray bedded materials that
cover upward of 20 acres. Laminated clays have been deposited



Pierce County 205

near Usk, and buff-colored beds interstratified with light-gray

silts crop out in the vicinity of Newport. All these have the simi-
larity of physical properties that are associated with the glacial
clays of western Washington. Greater variation, however, is
shown in the chemical composition of these terrace clays. The
following tabulation is made from the results of 19 analyses
taken from various sources. It gives the maximum, minimum,
and average percentage of the main clay constituents and is in-
dicative of most of the soft clays or silts found along the Pend
Oreille River.

Analyses of elays from Pend Oreille Valley, Pend Oreille County

CONSTITUENTS Aluximuml Minimum | Average

| (pereent) | (pereent) | (percent)
g L T A e B G T P AL P o S earls O T T g b 77.05 b4.10 66.11
Alumina and iron (AleOz, Fes( 32.38 15.58 2507
Lime. (080) ....coeuromsvorroses 9.74 1,30 2,00
b T T e o T s A T AP R Tp P e P T T 4.50 0.86 1.29

In the above analyses the alumina and iron (ALO,, Fe.O,)
were not determined separately. From various samples that
have been individually determined, 6.0 percent might be taken
as the average iron (Fe,O,) content; in this event, the average
amount of alumina (Al,O;) would be approximately 17 percent.

PIERCE COUNTY

Pierce County, which has an area of 1,701 square miles, ex-
tends eastward from Puget Sound to the summit of the Cascade
Mountains and so includes a most varied topography and ex-
treme differences in elevation. The clay materials occur as three
main types: Cascade residual, from the decomposition of igneous
rock; shale, in the coal-bearing Puget group of Eocene age; and
bedded clay, in the Puget Sound glacial deposits. Each of these
is peculiar to a formation which is dominant throughout certain
large areas, so the clay obtainable in a particular locality may be
readily ascertained. The Tertiary beds form an irregular belt
about 5 or 6 miles wide, extending south across the county from
near Buckley to Ashford. East of this area of consolidated sedi-
ments and west of it to about the vicinity of Eatonville are
igneous rocks of Miocene age and younger. They are chiefly
made up of andesite flows, pyroclastic rocks, and smaller
amounts of granodiorite and related intrusives. Still farther
west the bedrock is deeply covered with glacial sediments.

CASCADE RESIDUAL CLAYS

The Cascade residual clays have resulted from the decom-
position of Miocene volcanic rocks. Some deposits are certainly
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due to hydrothermal alteration of the andesites; others may be
erosional remnants of ancient products of deep weathering. It
is entirely possible that clays may still exist that were formed
by weathering prior to the elevation of the present Cascade
Mountains. Intense erosion brought about by the uplift would
have stripped off almost all the alteration products, but in pro-
tected places—possibly covered by later flows—some of the old
clays might remain. This appears to be the explanation for iso-
lated thick deposits of residual clays, commonly associated with
unaltered dikes and flows, that occur in several places in the
county.

One of the occurrences is in cuts along the Chicago, Mil-
waukee, St. Paul & Pacific Railway one-half mile north of
La Grande. This is at an elevation of 942 feet in the lower foot-

hills of the Cascades and near the eastern border of the main
drift area. Some buff-firing clay was mined here many years

ago by the Denny-Renton Clay & Coal Co. and shipped to their
terra cotta plant at Van Asselt. The cut and old pit expose the
clay to a depth of about 12 feet at one place over an area measur-
ing 150 feet by 100 feet. The clay is mottled and variegated in
color and texture, some places being nearly white and others
gray, red, blue, and purple. This is due, in part, to differential
leaching and iron staining but also to the fact that the original
rock was a volcanic agglomerate, a felsitic rock containing, as
inclusions, blocks of porphyritic andesite as much as 3 feet in
diameter. Such an aggregate, upon decomposition, naturally
would show marked differences in the physical characteristics of
different portions.

The clay is well situated for mining, and the overburden of
glacial gravels is not extreme, although it increases to the west.
The nearness of unaltered rock, however, shows the deposit to be
an erosional remnant, the extent of which can only be deter-
mined by careful prospecting. Also, the andesitic inclusions are
red firing, thus necessitating hand sorting of the clay to avoid a
product which will be decidedly irregular in properties.

Sample No. 184-A was taken on the west side of the railroad
tracks. When dry, it is principally light gray and nearly white,
but a few colored phases in very light shades are present. The
clay is nearly structureless, and the texture is uneven but mostly
fine. Lumps are soft and are easily crushed between the fingers
to a harsh powder. The amount of free quartz is very low.

Plastic and dry properties Sample No. 184-A

Plastieity criii s ians s risie Sticky, weak Volume shrinkage ....... 16.0% dry volume
Shrinkage wWater .......ceceverrvnnss 10.2% Linear shrinkage ........ 5.7% dry length
POTE WHEBE. .. vveonnmmnssrs oy mee 26.8% Linear shrinkage ........ 5.5% wet length

Water of plasticity .........ccvenneas 37.09% Dry condition ........... Weak
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Fired properties Sample No. 184-A

s Color Condition LS4d1 [TLS%AL VS%dv.| Abs. | A.Por
02 | Lt pink-gray | Soft  |.eieienn e e | 83 | 482
05 | Lt. eream Soft 0.7 3 ke i M T
(4 | Lt. cream BOTE L e e e 81 | 450
1 | Cream Roft 1.8 7.0 | e s e T, e
S-4*| Lt gray-bufl | Hoft = @ |sccsslBlieclesalclaifanesiiaie 2.6 | 47.8
6-7* Lt. gray-buft | Soft 2.8 4.5 | 8.2 7.9 41.6
12¢] Lt. buff Soft 3.6 9.8 10.3 2.4 5.8

30.
Class of ware: No. 2 refractory.

Sample No. 184-B, also from the west side of the railroad, is
of uniform light-buff color and comprises both soft and relatively
hard material.

Plastic and dry properties Sample No. 184-B

PARAHTCIET . oo linv e st v e oo e e Good Volume shrinkage ....... 25.5% dry volume
Water of plasticity ... ..cccoiivines 47.7%  Linear shrinkage ........ 7.9% dry length

Fired properties Sample No. 184-B

Cone } Condition
] LAEDE CEBHMY: v v evn v ny mimin v o mmninlrn o
3 Light eream. £

9 Light erenn
15 Light buff...
23 Light hufy...

Remarks: Best firing range: cone 15+. Cone fusion: 31.
Class of ware: Refractories. Has been used for terra cotta and fire brick.

Sample No. 185-A was taken on the east side of the tracks.
Here the inclusions are more in evidence, so the sample com-
prises a great variety of textures and colors. Some of the in-
clusions, although completely decomposed, still show the coarse,
porphyritic texture of the original rock, the feldspars being
changed to kaolin and the femic minerals to chlorite.

Plastic and dry properties Sample No. 185-A

23 FT 4 T v ISR MG RIS SO E o L S e Good  Volume shrinkage ....... 14.19% dry volume
Shrinkage Water .........eceeeesnsss 9.0  Linear shrinkage 4.9% dry length
ey o ol e S R e A 24.0% Linear shrinkage 4.5% wet length
Water of plasticity ........covsveaesn 33.09% Dry condition ............ Strong

Fired properties Sample No. 185-A

Cone | olor | Condition L.S.Sedll, | TLS. %) V.8, %d.v. Abs, | A,Por.

08-02 | Lt, cream BOtE o = et | S T e el %54 | 30.6
01-1 | Lt. cream Soft 3.8 8 TR s [estiais.s:
B avemrsnm s | s aeenemnan e s duawe | amen s s 2.2 4.8
46 | Gray-buff 1.4 15.0
6-7* Gray-buff 26.3 .0
10 | Gray-buff Tdufd 1 2, Nl
12* Gray-buff 11.9 10.8

Remarks: Best firing range: 5-15. Cone fusion: 28-. The structure
shows grog checking but otherwise is good.
Class of ware: No. 2 refractory or gray-buff structural wares.
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A deposit of varicolored residual clay, similar to that at
La Grande but more extensive, occurs in the region between
Eatonville and Kapowsin, 28 miles from Tacoma. This, also, is
about on the border of the glaciated area; rugged rock hills ex-
tend to the east and the usual smooth glacial-drift topography to
the west. Hard, unaltered andesite crops out abundantly. These
exposures commonly show the scouring effects of glacial ice and
no doubt were instrumental in protecting the residual clays of
the vicinity from more complete removal by erosion.

The Far West Brick & Tile Co. is located 3% miles north of
Eatonville, near Clay City, and obtains clay of the Cascade resid-
ual variety from a large pit about three-quarters of a mile east
of the plant. The pit floor is maintained at drainage level, and
the clay is mined by quarrying back into a small hill. The work-
ing face is nearly 100 feet high in places and extends laterally
about 300 feet. In this distance many different materials are
encountered: soft clay with the texture of wax; mealy phases
with low specific gravity; harsh siliceous varieties barely decom-

posed; disintegrated andesite; and hard, siliceous rock that re-
quires blasting for removal.

PLATE 8

CASCADE RESIDUAL CLAY IN THE PIT OF THE FAR WEST BRICK & TILE CO.,
CLAY CITY.
The dark rock at right is only slightly altered andesite; the light-colored quarry face
is in completely decomposed andesite. Sampled as Nos. 186-8.
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Because of the different kinds of original rock and the differ-

ence in leaching and extent of decomposition, the residual clay
appears in all colors—nearly white, green, blue, yellow, and dark
red. The variously colored clays have different physical char-
acteristics, not only working differently, but firing to buff, red,
and unusual intermediate shades. This makes it essential to
segregate varieties when mining the clay, if certain colors of
ware are to be maintained. As one clay grades into another or
abruptly changes, the deposit is very irregular and difficult to
handle, and there is no assurance that a color in fired ware can
be duplicated at some distant date.

Sample No. 187 was taken in an effort to procure a “run-of-
pit” mixture. It includes all of the colors mentioned above with
the exception of the dark red. Necessarily it is a heterogeneous
mixture with uneven texture and peculiar appearance.

Plastic and dry properties Sample No. 187

PIRSHEIEY | oo stamlemit sn e sy e Fair Volume shrinkage ....... 27.0% dry volume
Shrinkage water .......ceensieernsses 16.4%  Linear shrinkage ........ 9.9% dry length
BIOTE. WREAT sz smmsins o5 sem s 19.6% Linear shrinkage ........ T7.1% wet length
Water of plasticity ........vivvivies 30.6% Dry condition .......... Soft
Fired properties Sample No. 187

l'nm-l Color Condition L.8.5kd) I'l‘.l.,!-i.’;i-ll.l. V.5.%d.v. Ahs. A.Por

2 | Lt. brown-buff | Weak, soft

01 | Lt, brown-bufl | Weak, soft

14 | Lt. gray-brown| Weak, soft

5-4* Brown-gray Good, hard

6-7* Spotted gray | Good, hard

12*| Deep brown Good, S H.

15 | Spotted brown H]gcll; hlisters,

Remarks: Best firing range: 3-12. Cone fusion: 20+.

Class of ware: Gray and brown structural wares. Used for face brick and

tile. Nos. 187-B and 187-C, pp. 212/213.

Sample No. 187-A represents a clay that occurs here in pos-
sibly greater quantity than any other. It is a light-colored green-
ish material when dry, with the appearance of sandstone. Lumps
break easily to a harsh powder between the fingers. It is a de-
composed andesite, still showing the original texture. The mass
is granular and is composed of white kaolin together with green
chlorite and serpentine. It contains also some limonite and a
very little free quartz.
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Plastic and dry properties Sample No. 187-A

PIastieINY® a4 Weak Volume shrinkage ........689% dry volume
Shrinkage water ... vaiie i 47%  Linear shrinkage ......... 249 dry length
PO WABE . Lt o e e s e 278% Dry condition ........... Weak

Water of plasticity .........coo.0n. 32.5%

1
Cone Color Condition L.8.9d.1. |'1‘.I,,S‘%d.l.li V.8.%dy. | Abs. A.Por.
|
02 | Lt. brown-huff | Granular, soft 3.0 8.0 15.8 I 3.6
14 | Brown-bufl Granular, soft 7.0 9.4 10.5 2.7 38.3
34* Brown Granular, soft 9.6 120 | 2.1 2.3 9.4
6-7* Spotted brown | Granular, soft 85 109 | 285 13.8 2.7
12* Black Veslenlay, badly | ..ocdiciiidisnsvaiie | B s L e s v LS A e e
fused |

Remarks: Best firing range: 5-6. Cone fusion: 10. Short firing range at
high temperatures. Weak strength. Could be used only in a more plastic
mixture,

In some places, where the residual material is nearly white
in color, alteration is less advanced and has been accompanied
by leaching. The feldspars are only partially altered to kaolin;
the femic minerals are conspicuously absent; and minute crystals
of secondary pyrite form crusts on joints and are scattered
abundantly throughout the mass. Such clay carries a relatively
large percentage of quartz, thus showing a different phase of
the parent rock or, possibly, silicification as a feature of the
alteration.

This more-siliceous white clay is rather refractory and has
been used as a fire clay. It is not suitable for exacting require-
ments, owing to the irregular occurrence of pyrite and to the
normal content of ordinary fluxing agents. It may, however, be
classed as a low-grade or No. 2 fire clay and as such would be
satisfactory for uses where a high-testing and correspondingly
high-priced refractory was not necessary.

Sample No. 186-A, taken from the east or “fire clay” side of
the pit, is representative of a large amount of the clay, so far as
general appearance goes. It is derived from a porphyritic rock,
and the abundant altered feldspars show white against a fine-
grained light-blue groundmass. Lumps when dry are compact
and not easily crushed in the hands. The texture is gritty and
harsh, and much fine pyrite is disseminated throughout the
sample. -

Plastic and dry properties Sample No. 186-A

s 4T T S S L S e L Fair Volume shrinkage ....... 21.29% dry volume
Shrinkage water ...........cccoonnunn 12.3% Linear shrinkage ........ 7.6% dry length
POre Water ., .ivinenenssssampansioss 17.9% Linear shrinkage ........ 6.07% wet length

Water of plasticity .. vevvivinavaanas 30.29% Dry condition .......eees Brown scum; fair
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Fired properties Sample No. 186-A

Cone|  Color Condition | Lo |rLs%dl] vagay.| Abe. ‘ A.Por.
| |
012 | Light gray., Surfaceoracke, | Lo iaiis | St b sy 2.5 | 0.4
near white soft |
M | Cream Surface eracks, 0.6 8.2 1.8 24.1 | 38.6
goft
1+ | Light gray Burfaconraok, [iassssssenlaiiessssnsaalnsessasranes 22.0 3.6
| soft
4-4*| Light gray Surface eracks, 0.8 g4 2.5 20.8 ‘ 82.5
| £oft
67 Light gray Surface cracks, 1.6 9.2 4.8 19.1 29,2
soft
10 | Gray-buff Surface eracks, |.oiidiaieaiesisiraanas PR VA 15.6  [ceisaiivanes
soft |
12%| Gray-buff Surface eracks, 2.6 10,1 T4 13.4 | 25.8
soft

Remarks: Best firing range: 12-15. Cone fusion: 29.
Class of ware: No. 2 refractory. See No. 187-D, p. 212.

A notable concentration of iron oxide leached from the sur-
rounding clays has resulted in a great body of red, ocherous clay
in the upper west side of the pit. It is practically an earthy, im-
pure limonite.

Sample No. 188, of this material, is reddish brown in color,
nonuniform in texture, and somewhat gritty. When dry, the
lumps are compact but brittle.

Plastic and dry properties Sample No. 188

Plasticiin’ ot s e e ey Good Volume shrinkage ....... 39.6% dry volume
Shrinkage Water .......icoveivacenas 22.5%  Linear shrinkage ........ 15.4% dry length
POYE WREET | o rnirs e mysrwe b v b 127%  Linear shrinkage ........ 7.6% wet length
Water of plasticity .........ccc0nav.n 35.2% Dry condition .......... Fair dry strength

Fired properties Sample No, 188

Cone [ Color Condition L8], |T.L.8.%d.1| V.B.%d.y. Abs. | A.Por.
mz ) Lt. buff-red Weakosoft |G dvssntn | e e s e 23.2 9.4
¢4 | Lt. brown-red | Good, hard 4.1 19.5 11.8 19.2 M7
(1 | Bright Good, hard IRt e s e dia it [ ba P ety T ] 89.8
| buff-red |
34* Gray and Good, S.H.- | 5.7 2.1 B2 | 171 83.3
brown-red
o6 | Gray and [ L L 1 = P 2 e o e [ o P 16.1 1.0
brown-red
6-7* Gray and Good, 5.H. 0.2 21.6 17.4 16.0 20.8
' brown-red
12* Dark brown Good, 5.H. T4 23.8 20.5 8.9 16.9
15 | Dark brown Sfiiglélt bloating, 7.0 0.4 19.5 10.5 20.8
]

Remarks: Best firing range: 02-12, Cone fusion: 19. High drying
shrinkage.
Class of ware: For use in a gray, red, or brown structural-ware mixture.

Sample No. 187-D is of the ground No. 2 fire clay that was
formerly supplied to the trade. The marked variations in
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physical properties of such clay are well shown by comparing
the results of tests on this sample with those on No. 186-A
(p. 210), presumably of the same type of clay.

Plastic and dry properties Sample No. 187-D

Flagticliy = mvse ale i, W S b i Fair Volume shrinkage ....... 12.8% dry volume
Shrinkage water: ......coiccwdin. 7.2%  Linear shrinkage ........ 4.5% dry length
320 R T R e = 17.8%
Water of plasticity ...............c0. 25.0%

Fired properties Sample No. 187-D

[ | [ |
l‘am-! Color Condition L.8.00d.0. |T.L.E.":’-§.d.!,_ V.8.9%d.v. ‘ Abs, | A.Por.
i__ S - == St e A e e
05 | Light brown Ih:d;l:lgo. RO, o v v | PR B e e S 16.0 8.3
soft |
2 | Pink-hrown Good, hard 1.6 6.1 4.6 15.5 8.4
10 | Gray-brown Good, 8.H. 3.5 &0 10,0 1.9 2.9

Remarks: Best firing range: 1-10. Cone fusion: 14.

Class of ware: Could use in a mixture for structural wares but needs
more plastic strength.

Sample No. 187-B is ground clay as used in the regular
mixture at the plant, for hollow block and face brick.

Plastic and dry properties Sample No. 187-B

S ET A U S B W Rl O T el N Volume shrinkage ....... 18.99% dry volume
Shrinkage water .... Linear shrinkage ........ 6.8% dry length
POre  WELBY: i immereia s v vaustiasnisn

Water of plasticity

Fired properties Sample No. 187-B

Cone Color Condition L.B.gid.l. [T.L.8.95d.]. \'.S.%d.v.! Abs. A.Por.
5 | Brown-buff Granular, soft 2.0 8.8 5.9 17.0 3.6
02 Brown-buff Granular, hard 2.4 9.2 6.9 17.3 3.6
100 | Gray-brown Slight sticking, 1.5 11.8 12.8 10.5 a0.1

S.H.

Remarks: Best firing range: 1-9. Cone fusion: 15.
Class of ware: Now used for face brick and structural tile.

Sample No. 187-C is ground clay as employed at the plant
for making the special face brick used in the construction of
Home Economics, Commerce, and Philosophy halls at the Uni-
versity of Washington, Seattle.

Plastic and dry properties Sample No. 187-C

Plagtietfy: oo b el e Good Volume shrinkage ....... 20.5% dry volume
Shrinkage Water: ...oviviriinssesaisie 10.9%  Linear shrinkage ........ 74% dr¥ length
FOGe WREELE o g ety A SR 11.8%

Water of plasticity .......c.ccviccvans 22.7%
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Fired properties Sample No. 187-C

l'mlnll Color Condition L85l "I‘.L.S.%d.f.'; V.8.%d.v. Abs. A Por.
— = == | = ===
(13 | Light brown Slight red edge, 2.0 ‘ 0.4 5.8 20.1 356.5
| senmm, soft |
02 | Pink-brown Granular, good, 2.7 | 10.1 77 15.7 2.6
hard
10 [ Gray and tGood, 8.H. 4.5 12.2 13.7 9.9 10.0

brown

Remarks: Best firing range: 02-9. Cone fusion: 15.
Class of ware: Now used for fancy face brick.

Far West Brick & Tile Co.—The Far West Clay Co., the
original operators, mined the deposit by steam shovel, loaded
into side-dumping cars on a standard-guage track, and used
a 40-ton geared locomotive to take the clay to the plant. Some
effort was made in digging and storing the clay to keep the
markedly different types separate, but a power shovel is hardly
conducive to nice separation. The present company has the
clay mined by contract (a power shovel is still used), and trans-
portation to the plant is by auto truck.

The clay is dried on a hot-floor, is then ground in one of
two 6-foot dry-pans and is elevated to bins. After screening,
the clay passes through a pug mill and then goes by chute
to a brick and tile auger machine. A hand cutter is used for
tile and an automatic rotary 13-brick cutter for brick. The
tile are dried on an open-floor waste-heat drier; the brick, in a
waste-heat 16-tunnel drier. The kiln system includes six 28-
foot kilns, and two 30-foot kilns; all are of round down-draft
periodic type. The time of firing varies, but in general, 3
days is allowed for water-smoking and 5 more for the actual
burn. The principal products are hollow building block, par-
tition tile, and variegated rough-textured face brick.

About half a mile north of the pit of the Far West Brick
& Tile Co. the narrow valley opens into a meadow which on
the south side is flanked by a hill of glacial drift and on other
sides by rocky hills of andesite. Here, at the base of these
hills, residual clay occurs similar to that described above. A
road on the south side has cut through the glacial drift and
exposes an ocherous, red clay resembling sample No. 188. The
extent of this clay is unknown, and the overburden is prob-
ably excessive. Just across the meadow, on the north side,
some prospecting has been done in what appears to be a large
body of clay resembling the lighter-colored material mined
at the Far West pit.

These clays are encountered also in cuts on the Eatonville-
Kapowsin road west of Lake Kapowsin, in the NW1j sec. 7,
(17-5 E). The clay shows continuously for 200 feet or so along
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the road to a maximum depth of 8 feet. The material is near
to and above the railway grade and so could be easily handled
except for some overburden of glacial gravel, which, however,
may not be present in sufficient quantity to be troublesome.

Sample No. 335 is general, being taken at various places in
the exposure. The color is pink, white, yellow, and brown,
though shades of pink predominate. The texture is finer than
most of the residual clays noted above, and part of the sample
is unctuous and free from grit.

Plastic and dry properties Sample No. 335

5 F T A TG o A VO et W Good Volume shrinkage .......30.9% dry volume
Shrinkage Watllr .Gy sseiaens 19.0%  Linear shrinkage ........11.6% dry length
POra Walll ... e mieaeminvmsm s 2449  Linear shrinkage ........ 7.9% wet length
Water of plasticity ........co.conee. 43.47%,

Fired properties Sample No. 335

Cone Color Condition L.B.gd 1. |’l'.l,.s,‘?c|[.l,: V.8.9d.v. Abs. | A.Por.
- e e = = ey
0 | Lt. gray-brown| Weak, soft 1.1 | 12.9 3.8 .7 10.8
4 | Buff-red Weak, soft 3.1 14.7 9.0 24.4 30.8
02 | Brown-buff Good, hard 4.4 15.9 12.3 bos 3.0
4 | Lt. buff-hrown| Good, hard .4 18.0 15.0 18.1 2.7
10 Gray-nrown Good, S.H. .1 20.7 5.1 12.7 24 .8

Remarks: Best firing range: 1-10. Cone fusion: 27. Too much plastic
material. Good firing range at higher temperatures.
Class of ware: Buff and brown structural wares.

Other Cascade residual clays occur along White River in
King County, so there is a considerable amount of this type of
material known, and more will be found by further prospect-
ing. That it is a difficult clay to work will be judged from
the preceding pages; but it will continue to be in demand,
as colors and textures may be obtained by its use that, so far,
have not been duplicated by the use of other clays.

SHALES

The coal-bearing Puget group of Eocene age occupies a
large area in Pierce County and has a thickness of 10,000 to
15,000 feet®, Shales and sandstones, with their intermediate
phases, form the bulk of the rock, and, although they have
never been worked on a large scale, should be an important
source of red-firing material for ceramic purposes. In King
County similar shales have been mined for many years; they,
also, belong to the Puget group and much of the general data

" () Daniels, Joseph, The coal-fields of Pierce County: Washington Geol. Survey Bull.
10, 1915.



Pierce County 215

is applicable to Pierce County. Results of their tests may be
found under that county heading.

In Pierce County the Burnett series contains the upper
members of the group and is over 8,000 feet thick. The beds
are exposed along South Prairie Creek and include the coal
beds worked at Spiketon and South Willis. The next lower,
Wilkeson, series is mainly sandstone but contains some shales.
It is only 1,000 feet in thickness and is practically barren of
coal. The underlying Carbonado series, 2,200 feet thick, is the
most important in the county as a coal producer and is like-
wise the most highly developed. It is mined at Burnett, Wilke-
son, and Carbonado.

Although samples were taken only at Carbonado, some ex-
cellent beds of shale are exposed where creeks cut into the
Puget rocks, or where tunnels in coal operations have crosscut
the strata. One of several shale members exposed in the rock
tunnel of the Pittsburg Number Eight mine is 48 feet thick.
Four beds of shale from 19 to 28 feet thick are cut by the tun-
nel east from the Winsor bed at South Willis. Some of these
could be advantageously mined with the coal. At one place
at Burnett, about 100 feet stratigraphically below No. 2 coal
bed, is 39 feet of dark-gray shale. This is exposed on the second
level east of the fault. Some shale in workable width occurs
between No. 2 bed and the Queen bed at Gale Creek, and an
immense amount of sandy shale is exposed in a crosscut, off
the main haulage way, between the East 6 and East 8 beds at
Wilkeson.

The sedimentary beds at Carbonado are predominantly
sandy, but some could be used as a source of clay material.
Two shale members, 13 and 18 feet thick, respectively, are ex-
posed above North 5 coal bed in North 1 mine, No. 33 tunnel.
Other shales lie between No. 11 and No. 12 coal beds. These
are in two beds, 5 and 6 feet thick, separated by 30 inches of
sandstone, and crop out in the canyon 100 feet west of the old
No. 6 tunnel. The dip here is 65° westerly.

Sample No. 180, of these outcropping beds, is a dark-gray
very hard, tough material. The shale is sandy, but the texture
is moderately fine and uniform.

Plastic and dry properties Sample No. 180

R R e ey = it N P e ¥ ims B ere Fair Volume shrinkage ....... 13.2%; dry volume
Shrinkage water .........ccoeevuunan 6.5% Linear shrinkage ........ 4.6% dry length
POreE Watsr' . . vviais s vesasemachiaans 12.1% Dry condition ... .Fair; needs fine grinding

Water of plasticity .........c.oe0000 18.6%%
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Fired properties Sample No. 180
Cone | Color Condition LS9dl |T.L.8.%d) V.8.%dy. Abs, A.Por
12 | Lt, brown Weak, verysoft |............ 4.9 ‘ ............ A T e e
05 | Red-hrown Qoodyhard. | ....ocevnnes BB ey 16.4 31.9
1-2 | Red-hrown Good, S.H. 6.8 88 | 18.9 8.0 18,2
3 | Dk. red-brown | Good, S.H. 88 1.3 2.1 1.9 4.7
and black
5 | Dk. brown Swelled slightly, |............ 1§ A LSS e 081 cleeviasi
8.H.
8 | Brown-black Neslenlals 0 leedieaes T R e e s R e v
O s vy Tt b R e o e e ol MR ot M TR
Remarks: Best firing range: 04-2. Cone fusion: 10. Should be

thoroughly oxidized.

Class of ware: Red-brown structural wares.

PUGET SOUND GLACIAL CLAYS

Unlimited amounts of clay suitable for common and rough-
textured brick, hollow building block, and drain tile, occur in
the glacial deposits which cover so much of the county. As no
plants were operating here on such clay in 1940, no detailed
description of the material will be given; instead, the working
properties of the usual glacial clays of King or other northwest-
ern counties may be taken as characteristic, also, of the Pierce
County beds.

The clay is well exposed just south of the Tacoma Smelter,
where the old Goss plant operated for many years. Here a 75-
foot face of horizontally stratified blue clay and some sandy
phases show in the side of the bluff. Similar clay occurs at Point
Defiance and is cut by gulches in other parts of Tacoma. Cham-
bers Creek occupies a steep-sided ravine, mostly in the prairie
outwash gravels, but some massive clay is exposed along its
course. Other extensive deposits are found in places along the
bluffs bordering Puyallup Valley, at Nisqually Station, and at
tidewater on many of the islands in Puget Sound.

A soft, plastic bluish-gray clay occurs around the margin of
a partly dried swamp, 114 miles east of McKenna, in the SEY
sec. 22, (17-2 E.). The material is a Recent deposit that has re-
sulted from the settling out of sediment washed into the swamp
from the surrounding glacial sediments. It is red firing and
similar in properties to glacial clay but is somewhat tougher and
more plastic. It is being used in a very small way by the Kirston
pottery, located here.

Paul Kirston Pottery.—Small amounts of clay are dug from
shallow pits wherever most convenient and used, without much
preparation, for hand-modeled garden pottery and novelty ware.
The articles are fired in a small down-draft kiln.





