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SAN JUAN COUNTY

San Juan County is an area of 175 square miles comprised
entirely of a group of islands lying between the Strait of Juan de
Fuca and the Gulf of Georgia. The bedrock of the county is pre-
Tertiary in age and for the most part of metamorphic type.
Quartzites, argillites, and greenstones predominate, and cutting
these are various igneous intrusives. Small islands in the ex-
treme north, and a little of the northern edge of Orcas Island,
are composed of Cretaceous sediments. These are much in-
durated, though hardly metamorphosed, and include thin-
bedded shales interstratified with sandstone. Lack of workable
thickness as well as low plasticity renders the Cretaceous shales
of little economic value. In the neighboring islands of British
Columbia efforts have been made with slight success to work
similar shales. Data on this, quite applicable to the San Juan
Islands, may be found in reports of investigations by Ries®.

Any residual clay which may have formed from the decay of
the bedrock has been scoured off by glacial action, so that un-
altered rock, commonly striated, crops out on all the islands.
The retreat of the ice, however, left deposits of glacial clay that
are ample to care for the needs of the county in brick material
and allied ware.

On San Juan Island, at Roche Harbor, are extensive beds of
the blue glacial clay. They occur, here, horizontally stratified
and interbedded with sand. The same type of clay occurs in sev-
eral places on Orcas Island, and at one time a deposit was worked
for common brick. The yard was in sec. 21 (37-1 W), where an
extensive body of clay is available. Similar Puget Sound glacial
clays are found in large deposits on Lopez Island. About 314
miles from the town of Lopez, at the north end of the island, the
clay crops out along the beach and is exposed for 200 feet or more
to a thickness of 25 to 30 feet.

The results of chemical analyses of these clays are included
in appendix 2. No physical tests were made, as the material is
nearly identical with clays of similar origin occurring in King
and neighboring counties. Reference to the glacial clays of King
County (p. 151) will indicate the properties of the San Juan
County clays.

SKAGIT COUNTY

Skagit County is in northwestern Washington and has an
area of 1,774 square miles. The topography varies from broad
areas of lowland to rolling hills and high mountains, as the
county reaches from tidewater to the summit of the Cascade
Range. Geologic conditions here are different from those of the

@) Ries, Heinrich, Clay and shale deposits of the Western Provinces: Canadian Geol.
Survey Mem. 25, pp. 77-81, 1912; Mem. 47, pp. 56-61, 1914; Mem, 65, pp. 17-21, 1915.
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other mainland counties in western Washington, in that the
Tertiary formations occur in very minor amount. Paleozoic and

Mesozoic rocks extend across the county, decreasing in elevation
from the high Cascades to Puget Sound and then beyond to form
islands to the west. These rocks are nearly all metamorphosed,
and mostly to an advanced degree. They consist in general of
schists, quartzites, argillites, and some limestones, together with
a younger series of unaltered igneous rocks. The shales that be-
longed to these formations are so indurated as to be almost value-
less for ceramic purposes; and any clays that may have de-
veloped, as from the decomposition of such rocks as the gran-
odiorite of the eastern part of the county, have been swept away
by the active erosion to which that mountainous area is sub-
jected.

The Chuckanut formation, an isolated extension of the What-
com County beds, occurs in a small area in the vicinity of

MecMurray, in the southwestern part of the county. It underlies
also at least part of the delta of the Skagit River and crops out
through the alluvium and glacial sediments in a few places.
Other relatively small areas of these rocks are at Cokedale, to
the southeast near Cumberland Creek, and at Higgins Moun-
tain. The shales of this formation are suitable for ordinary red
and brown structural wares and form beds of such thickness as
to be readily mined and, in some places, even quarried.

Puget Sound glacial clays are abundant in the western part
of the county and are well exposed in the terraces bordering the
larger streams. Of very similar physical properties are the
fluviatile and estuarine clays that form thick beds in the Delta
region. The glacial clays are being worked at present at Con-
crete for the manufacture of Portland cement and estuarine clays
at Tiloh for drain tile, hollow block, and common brick.

Some of the older metamorphic rocks are well exposed along
the Skagit River road between Van Horn and Sauk. A repre-
sentative sample was taken of the great beds of argillite here, not
so much for data on this particular outcrop as to throw light on
the general physical properties of such highly indurated shales.
The rock is thin-bedded and is made up of alternating layers of
sandstone, altered nearly to quartzite, and hard argillite that
only lacks well-developed cleavage to be termed slate.

Sample No. 191 includes both sandstone and argillite. The
latter is very dark gray in color, is very hard and tough, and
breaks across the bedding with a sharp, hackly fracture.

Plastic and dry properties Sample No. 191

PRI . . oo te s et siolh e gt g taie Weak Volume shrinkage ....... 7.5% dry volume
Shrinkage Water' .........convrennnss 3.9% Linear shrinkage ........26% dry length
o vrn R MR I e e L B 11.9% Linear shrinkage ........ 1.9% wet length

Water of plasticity .......cocucmeaues 15.6% Dy condition ...c...ivaes Weak
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Fired properties Sample No, 191

|
Cone | Color | Condition J LS.gedl. |TA.8%dA.) V.8 %d.v. Abs. | A.Por.
02 | Buff-hrown Soft, weak 1.2 3.8 3.7 6.9 | 822
06 | Red-brown Herdl pood. e bRt st st e It mertsn 16.7 3.5
o1 | Dk. red-brown | Vitreous surfsce 6.4 9.0 18.0 1 5

o | 1.
2eum

Remarks: Best firing range: 06-02. Cone fusion: 2. Weak plastic and dry
strength; low fusion.
Class of ware: Dark-brown structural wares or a possible natural glaze.

In the north part of the town of McMurray, a road cut about
150 feet long has been made in Tertiary sediments. It exposes
thin-bedded shales to a depth of about 10 feet. These have a dip
of 10° S. The material is broken and stained from surface
weathering but resembles the gray shales which occur in this
formation in other places. There is very little overburden; so
the bed could be easily worked.

Sample No. 189, from here, is rather light gray in part but is
irregularly stained to a buff color and shows dark brown where
crusts of limonite have formed along joints. The material is
medium hard and slightly sandy, although some portions are
quite “fat”.

Plastic and dry properties Sample No. 189

PIAREICIIY v o' o v O Ny e i v asy Good Volume shrinkage ....... 24.8% dry volume
Shrinkage water ............c.cc0un- 14.5% Linear shrinkage ........ 9.0% dry length
b o e R B R 175%  Linear shrinkage ........ 6.89 wet length
Water of plasticity .......ccciveinnes 32.0% Dry condition ........... Good strength

Fired properties Sample No. 189

|
l‘-unr-! Color Condition |' L.8.%d.1. i'l‘.]..R.‘;-;.li,l. V.8.%d.v. Abs. A.Por.
|
010 | Lt red-brown | Weak, soft 2.9 11.9 8.4 25.7 42.0
05 | Lt. brown-red | Good, hard 6.7 15.7 18.8 16.4 a1.2
01-1 | Brown-red Good, 8.H.- 10.3 19.3 27.9 10.9 22.1
4% Brown-red Good, S.H. | 10.5 19.5 28.2 | 12.0 2h.1
6-7* Brown-red Vesiculur, TSRO0ty oz nl S 1406 | 238

| black cored,
S.H

=
=
-1
—
-
>

-

12¢ Black Vesienlar
| softened, S.H.
|

: ST — . = e

Remarks: Best firing range: 06-2. Cone fusion: 8-9. Needs reduction in
shrinkage.
Class of ware: Red and brown structural wares.

Glacial clay occurs in thick terrace deposits on the sides of
Skagit Valley and is utilized in the manufacture of cement at
Concrete on Skagit River. In the clay quarry of the old Wash-
ington Portland Cement Co. a 50-or 60-foot face is exposed, and
a continuation of these beds is being mined by the Superior Port-
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land Cement Co. to the west across the Baker River. The clay is
horizontally bedded and is, in part, very smooth. The bedding is
distinct, owing to the presence of sandy phases; and fine sand on
the bedding planes causes the clay to separate easily into blocks.
An overburden of gravel and boulders covers the clay to a depth
of from 10 to 20 feet. In mining, the clay is caved onto a long
covered trap beneath which cars are drawn for loading.

Sample No. 192 shows this clay to correspond with other
aqueoglacial clays. It is light bluish gray when dry. The tex-
ture is fine and uniform, although different strata vary in the
content of sand, some being rather silty, while others are “fat”.

Plastic and fired properties Sample No. 192

The clay developed a good plastic strength when mixed with 38.2 per-
cent water. The best firing range was between cones 06 and 02. Fusion was
reached at cone 2. The clay is suitable for dark red-brown structural wares.

Similar clays occur a considerable distance back from the
Skagit River and indicate the extensive ponding during Pleisto-
cene time that allowed these finely assorted sediments to ac-
cumulate.

Sample No. 192-A, sent in to the Division, was taken from sec.
8, (35-9 E) on Jackman Creek at an elevation of over 1,000 feet
above sea level. It is a typical glacial clay, light gray when dry,
that is very fine-grained and free from sand or silt.

Plastic and dry properties Sample No. 192-A

PIASHCIEY .. .csveivursineynriseebmises Good Volume shrinkage .......49.7% dry volume
Shrinkage water .........ivsemevsnes 299%  Linear shrinkage ........20.5% dry length
PGS WBALRIT o521 s rassw icaysie o salilela sanilelere 18.5%
Water of plasticity .................. 48.47%

Fired properties Sample No. 192-A

Cone | Color Condition L.8.%d.l. |T.L.8.9d.1.! V.5.9d.v. Abs, | A.Por.
7 | Lt, red-brown | Good, S.H.- 8.8 2.5 10.9 15.0 | 3.5
02 | Dk. red-brown | Seum, good, S.H. 138 4.8 35.9 0.0 0.0
4—4*| Dk. red-brown | Vesieular, 8.7 2.2 o LI i B [ AR b LA IR
‘ fused, S.H.

Remarks: Best firing range: 07-02. Cone fusion: 2.
Class of ware: Needs reduction in shrinkage for red and brown struc-
tural wares. The low fusion point may make the clay useful for glazing.

Just south of Hoogdal, a station on the Northern Pacific Rail-
way 4 miles north of Sedro Woolley, a cut has been made for
over a quarter of a mile through a low hill of glacial clay. The
exposed section is about 25 feet high at its maximum, the upper
15 feet being uniformly a light buff color when dry, while the
unweathered lower clay is bluish gray. The only overburden is
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a thin soil. Although two or three small quartzite pebbles were
noted in the body of the clay, they do not appear to be common.

Sample No. 196, of the upper buff-colored clay, is very fine-
grained and, in general, free from grit. It is a compact material
that becomes jointed and very brittle when dry.

Plastic and dry properties Sample No. 196

52T 103 o L s BT DA S s Good Volume shrinkage ....... 43.0%, dry volume
Shrinkage water ............c.coe0e:s 25.8%  Linear shrinkage ........ 17.1% dry length
A L A v L 23.71% Linear shrinkage ........ 6.5% wet length
Water of plasticity ..............e00. 49.5% Dry condition.....cccove- Strong
Fired properties Sample No. 196

Cone Color Condition L.8.%d.l. }1.',14,5‘&,-;..1,1. V.8.%d.v. Abs. A.Por
010 | Buff-brown Good, hard 2.2 | 19.3 ‘ 6.5 21.56 5.0

(3 | Red-brown Good, bard [ Laiasaeses T R b A 16.0 2.9

4 | Red-brown Good, S.H. 10.5 27.6 25.2 &.0 18.9
01-1 | Red-brown Vitreous, 12.2 | 29.3 82,2 0.2 0.5

and black good, S.H. |
34* Red-hrown Fused, 0.4 7.1 25.6 0.3 0.4
l and black swelled, 8.H.

|
1

Remarks: Best firing range: 06-01. Cone fusion: 2. Excessive plastic
material.

Class of ware: Mix with nonplastics for red and brown structural wares.

Sample No. 197, from the lower unweathered portion of the
exposure, resembles the general run of unoxidized glacial clays.
It is uniform in texture, medium fine, and somewhat silty. The
depth to which this clay extends is unknown; but an immense
amount is in sight, and similar material may be seen in many
road cuts throughout this part of the county.

Plastic and dry properties Sample No. 197

3 L e T T LSL r Good Volume shrinkage ....... 29.7% dry volume
Shrinkage Water ....i.ccopevvasesas 7.0%  Linear shrinkage ........ 11.1% dry length
FOTe WaED ety sasaes 26.9%  Linear shrinkage ........ 4.7% wet length
Water of plasticity .......iciiivieans 339% Dry condition............ Strong

Fired properties

Sample No. 197

|
Cone Color Condition L8.%dl. T.LS.9d.1l V.8%dv.  Abs A.Por.
(8 | Buff-brown Weak, soft 1.4 12.5 4.1 20.7 35.4
™ | Lt. brown-red | Good, hard 4.5 15.0 13.0 12,7 4.3
08 | Lt. brown:-red | Good, B.H. = | .cesccaivinitosvssasviiielosisssanasis 5.0 1.5
01-1 | Dk. red-brown | Vitreous, 11.9 23.0 31.5 0.0 0.0
and black good, S.H.
3+4*| Brown and Fused, S.H. 6. 17.4 17.8 0.0 | 0.0
black |
| |
Remarks: Best firing range: 06-02. Cone fusion: 3. Needs a reduction in
shrinkage.

Class of ware:

Red and brown st

ructural wares.
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At Tiloh, a station of the Northern Pacific Railway 4 miles east
of Mount Vernon, a clay similar in properties to glacial clay is
being mined by the Knapp Brick & Tile Co. This deposit, how-
ever, is of Recent lacustrine sediments that accumulated in a
lake or brackish estuary that formerly filled the valley. An open
pit, some 200 feet across, exposes the horizontally bedded clay
to a depth of 10 feet under a thin overburden of humus. It is said
that a drill hole showed the deposit to continue to a depth of
about 30 feet more. The areal extent coincides with the valley
floor.

Sample No. 190, of this clay, was blue when damp and fresh;
it dried to a light gray with irregular buff discolorations. Fine
sandy partings mark the bedding planes, but otherwise the clay
is uniformly fine textured and free from grit. It is compact and
brittle. Numerous minute holes, formed by rootlets when the

clay was being deposited, traverse the clay.

Plastic and dry properties Sample No. 190

PIASHOIY e oshfnsinens s s ias Sticky  Volume shrinkage .......38.6% dry volume
Shrinkage water ... ... ucoadiedaaas 21.5% Linear shrinkage ........15.0% dry length

PO W A S e aih nra o aTe s st a s e el o e 20.3% Linear shrinkage ........10.0% wet length

Water of plasticity v -ioemsssisnai 41.8% Dry condition ,.......... Good

Fired properties Sample No. 190

Cone Color Condition L.5.%d.l. |T.L.8.9d.l.| V.8.9%d.v. Abs A Por.
010 | Buff-brown Good, hard 1.9 16.9 5.7 19.2 H.2
06 | Lt. red-brown | Good, hard | ..........0. TR (s BRCEs 13.4 95.0
5 | Red-brown [Ederel B 1l ) R Ml (SR e i | 12.3 241
02 | Red-brown Good, S.H. 12.7 L g 2.5 | (131 0.5
1+ Deep red- Fusion 10.0 25.0 28, 1.8 2.3

brown started, S H,

3-4* Dk, red-brown | Fused, 8. H, 7.6 22 {3 21.1 ‘ 0.2 0.4

Remarks: Best firing range: 07-02. Cone fusion: 3-4%. High shrinkage.
Class of ware: Mix with more nonplastic material for red-brown struc-
tural wares.

Knapp Brick & Tile Co.—In working this deposit, the clay is
dug by drag-line scraper and carried to a trap where a car is
filled. This is pulled by cable a short distance to the plant.
There the clay goes through disintegrator rolls to a combination
pug mill and auger machine equipped with an automatic tile
cutter. The ware is dried in the open air and then goes to one
28-foot round down-draft periodic kiln. Water-smoking requires
48 hours and a burn is completed in another 24 hours. Oil burn-
ers are used and the temperature of the kiln is maintained as
closely as possible between cone 07 and 08 during the actual fir-
ing. Various sizes of drain tile and hollow block are the only
product made, though formerly some brick and even flower pots
were made here. The present output is about 600 tons per year.
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Glacial clay occurring near Bay View, on Padilla Bay, was
formerly used by a yard located there for drain tile, hollow block,
and common brick. Another small yard operated near Anacortes
a few years ago, making common brick; the pit was a small one
in the ordinary glacial clay. A yard ran for several years at
Alger near the south end of Samish Lake. Here, clay was taken
from extensive deposits of lacustrine material in the valley bot-
tom, similar in origin and character to the Tiloh clay (see sample
No. 190, p. 222).

A material is found about 7 miles east of Sedro Woolley that
has been called fire clay but that is in reality a water-laid de-
posit of powdery talc with some clay intimately mixed through-
out. It occurs over many acres on the south side of the Skagit
River and was sampled by boring at several places. The purest
material was found in the S% sec. 30, (35-6 E), where it occurs
in a flat under 6 inches of soil and may be seen in a plowed field
near the road. The deposit is irregular in thickness, ranging
from 3 to 6 feet, and has a 6-inch parting of humus where drilled.
Tale schists and soapstone occur in the region, and this “clay”
deposit owes its origin to the erosion of such rocks and the de-
position of the finest sediment in a swampy lake. Because of the
local idea concerning the material, two samples were taken for
testing as clay.

Sample No. 193 is light gray in color and is somewhat stained
in part to yellow. It is very fine-grained and free from notice-
able grit.

Plastic and dry properties Sample No. 193

£ %l £T o] d Tty Ay Ty S SN Sy L S Good Volume shrinkage .......16.9% dry volume
Shrinkage water .......ccciceeeeeeaes 9.8% Linear shrinkage ........ 6.0% dry length
B A B 5 sy et b a T e E R e et 21.8% Linear shrinkage ........ 4.5% wet length
Water of plasticity .........ceovvvens 316% Dry condition............ Strong

Fired properties Sample No. 193

Conge | Color Condition | L.5.9%d), T.L8.5%0L V.8%d.y.| Abs. A Por.
4 | Red-brown Wenk, =oft 3.3 9.3 | 0.6 0.4 3.6
011 | Dk. red-brown | Near vitreous, 10.2 16.2 27.6 T 14.6
good, 8.H.
5-4*| Dk. red-brown | Vitreous, S.H. 15.2 21.2 39.1 0.0 0.0
6-7* Brown-black Fused, S.H. 11.6 17.6 31,0 | 0.0 [ 0.0

Remarks: Best firing range: 02-2. Cone fusion: 5.
Class of ware: Red and brown structural wares.

Sample No. 194 was taken in the same flat about 300 yards
west of No. 193. The talcose material has a greater thickness (6
feet) here and is much purer. When damp it is bluish white and
dries to a very light silver gray. Lumps are easily crushed to



224 Clays and Shales of Washington

powder between the fingers and have the greasy feel character-
istic of talc.

Plastic and dry properties Sample No. 194

PIABEICITY 50 e i aialaa e o ae i s e Weak Volume shrinkage ....... 21.09% dry volume
Shrinkage water ..................0 16.0%  Linear shrinkage ........ 7.6% dry length
S T e e e U 39.9% Dry condition ............ Weak

Water of plasticity .........ccconuen. 55.9%

Fired properties Sample No. 194

Cone Color Condition L.8S.%d.). E']',L,S.',-:.d.l. V.8 %d.y. Abs. A.Por.
03 | Lt. brown-buff | Very soft | .ooeeeesn.. L S [ 30,0 32,8
01-1 | Lt. brown-buff | Very soft 4.0 12,5 15.9 H8 | 4.8
34 Buff-brown Soft 7.1 .7 19.7 31.2 485
G-7% DKk. gray- Good, hard 10.5 18,1 28.3 2.6 | 3.0
brown |
Wi, LRI RS | e A S [ et ] i wie o [roserensass Dot | Jon

Remarks: Best firing range: 6-9. Cone fusion: 11-12. Weak dry
strength, excessive pore space. Short firing range at high temperatures.

South of Prairie, a quarter of a mile, a nearly black clay
occurs in ditches along the grade of the Northern Pacific Rail-
way. It is a sedimentary deposit probably very similar in origin
to the talcose clays mentioned above but derived from a graphitic
rather than talcose schist. The extent is unknown but may be
considerable.

Sample No. 195, of this clay, is very dark gray and has much
the appearance and feel of graphite, owing to a considerable con-
tent of this mineral and probably some tale. The clay is soft, has
a very uniform fine texture, and is free from grit.

Plastic and dry properties Sample No. 195

PLABCICIEYT riifsnhiras ss arsis s soigits eia e Good  Volume shrinkage ....... 18.3% dry volume
Shrinkage water .........ooiviesinse 11.0% Linear shrinkage ........ 6.59% dry length
EOTE TNRLET . lire itk s st b eI g 2249, Linear shrinkage ........ 4.3% wet length
Water of plasticity ........ AR ARG 334%  Dry condition ............ Good

Fired properties Sample No. 195

Cone | Color Condition L.8%d4). T.L8%d.)l V.8.%d.v. Ahs, A Por.
05 | Buff-brown Seutn, very soft 0.6 Tk 1.8 2.5 41.2
06 | Lt. red-brown | Seum, good, 8.0 4.5 221 12.6 24.5

8.H.-
02 Deep red- Good, S.H. 13.5 22.0 30.7 0.2 | 0.5
hrown

01-1 | Red brown- Vitreous, fusion 12:1 18.6 32.0 0.1 0.2

hlack started, S.H.
44* Brown-hlack Fused, §.H. 9.4 15.9 | 2.5 | 0.0 0.0

Remarks: Best firing range: 07-02. Cone fusion: 6. Shrinkage ex-
cessive. Change in volume is very rapid.

Class of ware: Red and brown structural wares.
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SKAMANIA COUNTY

Skamania County is a high rugged area of 1,685 square miles
lying in the Cascade Mountains, in the southern part of the State.
The rocks are mostly of basic extrusive type—basalt, andesite,
and pyroclastic variants. Clay, other than a common red-firing
type, would not be expected from such rocks, and what did form
would be prevented from accumulating in any great amount by
the erosion characteristic of an area of such great relief.

In the extreme southern part of the county, along the Colum-
bia River and short tributary valleys, are soft, structureless clays
that would be available for common brick and drain tile in case
a local market developed. These are partly colluvial, formed
from the decomposition of the basalt and carried onto the lower
areas by landslides and surface wash, and partly Pleistocene ter-
race deposits. All are low-fusing, red-firing materials not unlike
the related deposits in Clark and Cowlitz counties.

SNOHOMISH COUNTY

Snohomish County, in northwestern Washington, has an area
of 2,664 square miles. For some distance east from Puget Sound
the land is low and rolling, but the eastern part of the county lies
in the Cascade Mountains and is high and extremely rugged.
Oligocene sediments form the surface exposures in four or five
relatively small isolated areas in the western part of the county.
The shales are similar to those cropping out in the vicinity of
Seattle and would be usable for ordinary red-firing structural
wares. Characteristic exposures occur near Cathcart and just
east of Snohomish. Elsewhere the bedrock for many miles east
of Puget Sound is deeply covered by alluvium and glacial sedi-
ments.

The central and eastern part of the county is composed of
Mesozoic and Paleozoic rocks. These include granodiorite,
which might be weathered to form excellent clay deposits but
for the rapid erosion to which it is subjected, and great areas of
metamorphic rocks that are not usually important as clay-form-
ing materials. These various formations have their extensions
or equivalents in Skagit County and are also discussed under
that heading.

The clay resources are practically confined to those deposits
occurring in the Puget Sound glacial sediments. They are suit-
able for common red-fired ware and structural materials but not
for products of higher grade. Fortunately, such clay is of wide-
spread occurrence and may be developed near any of the towns.
For many years glacial clay has been used in Everett for making

common brick and other products. The beds crop out in the sides
—§
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of the Snohomish River Valley and have great thickness and
areal extent. Like other deposits of this type in Washington,
some are very smooth and uniformly free from sand, while
others have alternate beds of clay and sand or grade laterally
from one into the other. Only one yard is operating here at
present.

This company, the Everett Brick Yard, has its plant in the
southeastern part of Everett at 39th Street and Rockefeller Ave-
nue. The clay is taken from a quarry-pit in the hill 400 feet
southeast of the plant. The working face is about 50 feet high
and some 125 feet across. The clay is distinctly stratified, varved
in part, and horizontally bedded. Some boulders occur on the
surface and are stripped off, but the beds as a whole are free from
gravel except for an occasional pocket. The bluish color of the
damp glacial clay is apparent in all but the upper 8 feet, where
surface oxidation has changed it to a buff color. The bottom of

the workings is well above drainage level and is in a 4-foot
stratum of loose sand. Below this is more of the thin-bedded
clay and sandy clay. An immense amount of material is avail-
able and may be mined with a minimum of expense.

Sample No. 388 was taken of the ground clay as used in the
plant.
Plastic and dry properties Sample No. 388

PIRSTROILT. oo sreiois sl e latvin s oot el e Good  Volume shrinkage .......16.3% dry volume
Shrinkage Water ......cecevusasviniis 10.5% Linear shrinkage ........ 5.8% dry length
Pore [Wateh e s e fal e aials 198%  Dry condition .......00i0 Good

Water | of plasticity:-.o.ccociieinat 30.4%

Fired properties Sample No. 388

Cone Color Condition L.8.9%d]. T.L.S.Sd).| V.8.%d.y. Abs, A.Por.
C < T il ] monisivioninie) eyl ! s a
00e - Bufl-brown Weak, soft 0.6 6.4 1.6 193 33.0
05 | Buff-red Little seum, i | 10.9 14.4 15.5 80.1

good, hard
01 | Dk. red-brown | Vitreous, slight | 0.7 15.56 26.4 0.2 0.4
sticking, S.H. |

Remarks: Best firing range: 06-02. Cone fusion: 2. Could use a
little more sand to advantage and reduce shrinkage.
Class of ware: Now used for red-brown common brick.

Everett Brick Yard.—The clay is taken “run-of-pit” and
loaded by drag-line scraper, by means of a trap, into a side-
dumping car. The haul to the plant is by cable. There the clay
passes by gravity through one pair of disintegrator rolls, a pug
mill, and an auger machine. The ware is cut by a hand side-
cutter, and dried in a 4-tunnel steam drier. Firing is carried on
in a continuous ring kiln. The capacity is 25,000 common brick
per day. The 1936 output consisted of 1,400,000 common and
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100,000 rough-textured face brick, 10,000 hollow block, 36,000

drain tile, and 8,000 square feet of roofing tile.

A small yard formerly operated in the northwest part of
Snohomish, manufacturing an excellent grade of common brick
and drain tile. The clay occurs in a low bench just north of the
plant site and is a buff-colored horizontal thin-bedded Recent
flood-plain deposit overlying a pebbly blue glacial clay. The
only overburden is 1 foot of soil which was used with the clay.
The working face varied from 6 to 10 feet in height, the pit bot-
tom being determined by the drainage level and the top of the
blue clay.

Sample No. 389 is a general one of the clay used. It is buff in
color, except where leaching has rendered it gray. Though not
uniform throughout, it is soft, sandy, and mostly fine-textured.
Peculiarities of the clay are: fine sandy partings along the bed-
ding planes, an abundance of minute root-hair holes, and con-
cretionary columns, still soft, that are forming about worm bor-
ings.

Plastic and dry properties Sample No. 389

£ T ot e | Good Velume shrinkage .......19.4% dry volume
Shrinkage water ..........voceeninnans 11.3% Linear shrinkage ........ 7.0% dry length
Pore water ..........coovvvunrinninas 18.2%
Water of plasticity ......coveismnsens 29.5%

Fired properties Sample No. 389

Cone Color | Condition | L89dL T.L.8.%dl. V.8.%d.y. Abs. A.Por,
ool b S Lty — —iadypdas
e | Buff-brown Weak, soft (L 7.3 0.8 17.8 311
05 | Bufl-red Very good, hard 4.7 | 11.7 13.8 13.4 25.4
02 | Deep hrown- Very good, S.H. 81 | T %6 3.3 7.8
red
1 | Dark red- Vitreous, bhadly 8.0 15.9 2.4 0.4 1.1
brown stuck, S.H,

Remarks: Best firing range: 06-02. Cone fusion: 4-5. Color is
especially good.
Class of ware: Used for common brick and tile,

At the State Reformatory at Monroe, all the common brick
used in the buildings were made on the site. Some 4 feet of clay
overlies the glacial till or “hardpan” at this particular place, and
in improving the grounds much of this clay was available. It
was put through disintegrator rolls and standard auger-machine
equipment; the bricks were dried on pallets in the open air and
burned in a scove kiln. The yard was run during the summer
months for 5 years, during which time about 4,000,000 common
brick and several thousand feet of 6-inch drain tile were made.

The glacial clay that crops out so generally in the bluffs along
the shore of Puget Sound was utilized until recently at Meadow-
dale, about 15 miles north of Seattle, for the manufacture of
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flower pots. Many seams of clay occur here interstratified with
sand, but only two beds were worked; these are 6 and 4 feet
thick, respectively, with 2 feet of sand between.

Sample No. 387, a general one, was taken. It is bluish gray in
color and is fine-grained but rather silty, so the lumps are soft
and easily broken. Some carbonaceous matter is disseminated
throughout the clay.

Plastic and dry properties Sample No. 387

Plasticly i sm s o wisesiais Good  Volume shrinkage .......19.0% dry volume
SHTINKAEE | orasreimitasmi b raseenisss 12.2% Linear shrinkage ......... 6.8% dry length
PONE WREEE 41 s e bimeraiamaleiissiis e 23.8%
Water of plasticity ........co0vvivees 36.07%

Fired properties Sample No. 387

Cone | Color ‘ Condition L8S%d.l. |T.L.S.%d.1] V.S.%d.v. Abs. A Por.
=ille {— s CAN TS BT e R
06 | Buff-red Wenk, soft 3.9 .7 | 11.1 20.2 ‘ 6.0
02 | Red-brown Vitreous, 11.9 15.7 31.6 0.9 2.8
good., S.H.
I | Dark brown Vitreous, 13.0 19.8 .1 | 0.1 0.2
good, near
fusion, 8.H. '

Remarks: Best firing range: 05-02. Cone fusion: 6.
Class of ware: Used for flower pots.

Meadowdale Pottery.—The Meadowdale Pottery, now closed,
was particularly interesting, not only because it operated
steadily for many years when other more pretentious plants,
for various reasons, started and failed, but also, because the plant
was almost entirely hand-made, and one man with the aid of a
horse carried on the entire process. Clay, in ample quantity to
run the small shop, was hand-picked from the horizontal beds by
following them along the bluff and not disturbing the immense
overburden. It was wheeled the few yards to the shop in a bar-
row and there put into a soak-pit. Tempering was in a vertical
pug mill, and the clay was screened while plastic to remove any
hard lumps. The one jigger-wheel was operated by a small gaso-
line engine and, by using different molds, various sizes of flower
pots were made. The ware was partially dried on racks and then
put into the kiln. The latter was 6 feet wide, 8 feet long, and 5
feet high (inside measurement), and was of the semimuffle type.
It held some 10,000 pots of 4-inch size or their equivalent. As the
average daily run was between 800 and 1,000 flower pots, the kiln
was filled and burned only once in 3 weeks. Operation was con-
tinuous throughout the year and about 100,000 pots of assorted
sizes, together with novelty and garden ware, found a ready mar-
ket in Seattle, Everett, and other Sound markets.
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SPOKANE COUNTY

Spokane County is an area of 1,756 square miles on the east-
ern border of the State. It is made up of rolling stream-incised
plains and rounded hills that merge into mountains.

Extensive deposits of both ordinary red-firing clays and high-
quality light-firing clays occur in the county and in smaller areas
immediately adjoining in Stevens and Whitman counties. Some
of the materials available in this region are white kaolins suit-
able, after treatment, for china clay, others are very high-grade
plastic refractories, and many deposits contain stoneware, pot-
tery, and terra cotta clays. In a State where the better clays are
relatively scarce, these so-called “Spokane-Clayton” clays are
particularly important. So it is entirely natural that the ceramic
industry in the general vicinity of Spokane should be well
founded and that certain continued development will give per-
manent value to the clay deposits.

LATE GEOLOGIC HISTORY

Three factors have been chiefly responsible for the accumula-
tion of the better clays: first, the predominant rock here is gran-
itic, a type whose decomposition products are high in alumina
and low in iron and other fluxes; second, the physiographic ma-
turity of much of the area is such that weathering has progressed
faster than erosion, allowing clays to accumulate; and third,
drainage has been interrupted at different times in the Cenozoic
era, so sedimentary deposits have formed. A brief discussion of
these points and their bearing on the clays may serve to explain
the occurrence of the various clay types and aid in their pros-
pecting.

The oldest known rocks in this region are quartzites, slaty
argillites, and schists. Their age is not known with certainty, for
as yet no fossils upon which to base conclusions have been found
in this immediate vicinity. The series is lithologically similar
to certain supposedly unfossiliferous rocks of Stevens and Pend
Oreille counties, where recent investigations by the Division of
Geology have shown the presence of a Paleozoic fauna. So a
Paleozoic age appears more probable for the metamorphic sedi-
mentary rocks of the Spokane region than does an Archean or, as
suggested by some earlier workers, an Algonkian age contem-
poraneous with the Belt series of Idaho. A few deposits of usable
clays have been derived from the decomposition of these rocks,
but such occurrences are rare.

Intruding these ancient rocks, and now through erosion form-
ing the principal rock throughout much of the region, is granite
which is doubtless an extension of the Mesozoic Loon Lake
batholith of Stevens County. It shows a great many textural and
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mineralogic variations, and it has been the source of numerous
smaller intrusive bodies. The most common form for the main
mass is a moderately coarse-grained biotite-hornblende granite;
in some places, however, it merges into syenite and in others into
diorite. Gneissic phases are very common; they appear to be
merely localized border effects primary to the original mass, but
some investigators have thought they represented a far older
metamorphosed granite of which only isolated remnants are now
left.

Textural extremes are represented by fine-grained aplites
and similar intrusives and by very coarse-grained pegmatites.
Feldspar phenocrysts more than 2 inches long occur in the gneiss
of the southeast slopes of Little Baldy, east of Hillyard: peg-
matites are abundant on the north and south slopes of Mica Peak,
particularly near the Idaho line; and an outstanding example of
magmatic differentiation is shown by a quartz hill covering sev-
eral acres 1145 miles southwest of Wayside. This granite and the
related rocks are the chief source of the high-quality clays of the
region.

In Miocene time the Columbia River lavas invaded the area
and eventually reached an elevation of from 2,400 to possibly
2,600 feet. This basalt is only the fringe and upper part of the
series of flows that produced the great Columbia basalt plains.
Here, in the Spokane region, it filled pre-existent valleys,
covered practically contemporaneous sediments, and finally in-
undated all surfaces that had an elevation less than approxi-
mately 2,500 feet. The flat-topped “prairies” (Moran, Pleasant,
Five Mile) are remnants of these upper thin flows resting on the
older granitic rock or on Miocene sediments. South and west
of the Mica Peak-Silver Hill area basalt predominates through-
out many counties, and in only a few places, as near Medical
Lake and along the Idaho line, do older rocks remain uncovered.

On all these rocks weathering has been active and clays have
formed from their decomposition. The products of rock decay
have been removed by active erosion from the areas of greater
relief, and there the soil cover is scant and outcrops of rock are
plentiful. However, much of the region has a relief that is under
1,500 feet, and locally far less. This and the general physio-
graphic maturity of the country have caused erosion to lag be-
hind weathering in many places, and residual clays have ac-
cumulated.

Some of these deposits were doubtless forming before the
advent of the lava, as suggested by the depth of decomposition
shown locally and by residual clay and disintegrated granite un-
derlying basalt. But in most of the area steepness of slopes aided
in sweeping away clays and other products of weathering.
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The basalt flows interrupted drainage so that many ponds and

lakes were formed both in front and on top of the basalt®. In
these water bodies were deposited sediments of various kinds,
depending on local conditions, and among them were some of the
light-firing clays that have become commercially so important.
These sediments were covered by later flows, forming new drain-
age obstructions. The process was repeated many times, so that
now throughout the Columbia basalt plain and particularly near
its margins, clays and sands are interbedded with the flows in
thicknesses ranging from inches to 100 feet, while exceptional
deposits may be many times as great. In the vicinity of Spokane,
according to Pardee and Bryan @, there is no interbedding of
sediments and basalt in the 1,500-foot formation which they
called the Latah.

In Pleistocene time glaciation again interrupted drainage and
another series of sands, gravels, and clays was deposited. As
these clays are of little value, it is fortunate for the ceramic in-
dustry that the glacial deposits are mostly thin and do not extend
far south of Spokane.
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Ficure 2.—Section to illustrate the occurrence of clays in the Spokane region.

OCCURRENCE OF CLAY GROUPS

From this brief review of late geologic history, it is apparent
that some of the Spokane clays occur in protected places in the
higher hills, but that these regions are mostly barren of usable
deposits. Out in the area covered by basalt an excessive over-
burden prevents the economic working of any interbedded clays
that may exist. So the line of contact between basalt and older
rock may be taken as approximately determining the location of
the workable clay beds and should govern prospecting. In some

@ Russell, I. C., A reconnaissance in southeastern Waskington:; U. S. Geol. Survey
Water-Supply Paper 4, p. 55, 1897.

(@) Pardee, J. T., and Bryan, Kirk, Geology of the Latah formation in relation
to the lavas of the Columbia Plateau near Spokane, Washington: U, S. Geol. Survey
Prof. Paper 140-A, 1926.
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places this clay belt is narrow, and the deposits are small; in
others, it may have a width of several miles, and deposits, conse-
quently, are extensive.

The elevations of known light-firing deposits range from about
1,800 feet (Milan clay) to 2,600 (Freeman clay). The beds may
be expected to extend to elevations of about 3,000 feet, and long
gentle slopes in the granite hills are most favorable for occur-
rences. Of particular promise are the following areas: Mica
Creek Valley and Manito vicinity, California Creek Valley,
Saltese Creek Valley, the eastern edge of Pleasant Prairie, and
throughout the lower slopes of Mount Spokane.

Derived from feldspathic rocks commonly pegmatitic, the
clays are light gray in color and without special treatment range
from buff to nearly white when fired. By washing certain of the
high-kaolin varieties, such as occur at Freeman, a white-firing
china clay can be obtained. Some of the deposits are residual,

but more show the slight assorting and even the rude stratifica-
tion of colluvial clays—those which, through surface creep
caused by rain wash and frost action, have moved a short dis-
tance from their source. Some of the high-grade clays belong to
the sedimentary Latah formation, notably the Sommer, Fuher
(Deadman Creek), and probably Deer Park-Clayton clays, but it
is only where these beds were derived from granitic rock alone,
that they are low in fluxes and iron.

Most of the widespread Latah clays are nonrefractory and
red firing. They contain abundant volcanic ash ©, and are suffi-
ciently high in iron oxide to weather to shades of brown and yel-
low. They are well stratified and characteristically have leaf
fossils on the bedding planes. The more argillaceous members
may have the compactness and laminated feature of shales.
Fissile structure, however, does not extend noticeably beyond
the outerop into the damp underground clays and, of course, is
absent in weathered shales. Typical Latah strata are best seen
in railroad cuts near the southwest city limits of Spokane, though
extensive exposures below the basalt are found north of the city
and elsewhere.

One other clay common to much of this region is the Palouse
clay, described in detail under the heading of Whitman County
(see pp. 327-332). It is a useful material for ordinary structural
wares, but, as it overlies better grades of clay, it hinders their
prospecting. In some places it is residual and grades from red-
dish-brown sticky clay through disintegrated rock to unaltered
basalt. In most places, however, the Palouse clay is partly or
wholly eolian in origin and may occur at elevations not reached

(i) Pardee, J. T., and Bryan, Kirk, op. cit., pp. 4-8.
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by the basalt. Deposits may be very thick, as in the brick-clay
pit at Freeman, where a 40-foot bed of almost structureless red-
dish-brown to yellowish loess overlies stratified sands, gravels,
and other clays without any basalt appearing in the section.

LIGHT-FIRING CLAYS

The color of a clay after firing is a useful indication of certain
characteristics of the clay, such as the relative amount of iron
oxide and alumina present, whether the clay is a low-, medium-,
or high-fusion type, and of course, whether the clay is suit-
able for certain ware. In general, those clays which are
light firing acquire some shade of buff or gray, or they may be
white or nearly so. It is convenient, therefore, to make a broad
division on the basis of fired color when considering a large group
of clays, having both light- and dark-firing characteristics, in a
given region. This division is made of the Spokane County clays.
It holds in general for the clays mentioned specifically and for
the districts in which these clays occur. It should be understood,
however, that a light-firing clay may have dark-firing phases or
may be associated with dark-firing beds.

DISTRICTS

The geology of certain areas may be such that the clays, there,
have distinctive characteristics. This would permit the grouping
of clays on a basis of location. A division of this kind may be
made for parts of Spokane County, but district demgnatlons are
“chiefly for convenience in considering together the clays of a cer-
tain locality. Accordingly, the light-firing clays of the county
are described from the following districts:

Tekoa-Fairfield Moran Deadman Creek
Manito Cheney-Medical Lake Five Mile Prairie
Freeman Chester Milan

Mica Pleasant Prairie Deer Park

Tekoa-Fairfield district.—A group of prominent rounded hills,
composed of quartzites, quartz schists, fine friable sandstones,
and sandy shales occupies a considerable region in the extreme
southeastern corner of Spokane County. Thin tongues of basalt
have reached into some of the lower valleys but the elevation is,
in general, higher than that attained by the lava. The contact
between the older rocks and the lava roughly extends from
Tekoa, in Whitman County, along Latah Creek to Waverly,
thence northeastward through Fairfield to a point about 2 miles
south of Rockford where it swings eastward into Idaho.

Alluvial clays, derived from the older rocks, probably have
been deposited quite generally at the base of the hills, but
Palouse clay conceals them except in some road cuts and excava-
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tions, as in the broad valley lying east of Tekoa Mountain and

again on the lower western slope.

A road in the center of the N4 see. 25, (21-45 N), about 4
miles north of Tekoa, cuts an extensive bed of dark-red, ocher-
ous clay. This exposure is large; similar clay is reported 30 feet
thick in a well 2 miles to the south, and so a great quantity of this
material appears to be available.

Sample No. 65, taken at the road cut, is brick red in color ex-
cept for abundant small bluish-gray masses, distributed irregu-
larly throughout. The texture is mostly fine but is nonuniform
and sandy. Lumps of the clay when dry are compact and brittle.

Plastic and dry properties Sample No. 65

PIRSHIEITY o b s A el Good Volume shrinkage ....... 30.7% dry volume
Shrinkage water ...i:oocinseveineas 15.69% Linear shrinkage ........ 11.5% dry length
POTR - WHLBY i e s W s s s ara B a A 15.5% Linear shrinkage ........ 7.0% wet length
Water of plasticity . ......ocinisvirs 31.19% Dry condition ............ Good

Fired properties Sample No. 65

Cone | Color Condition L.8S.9%d.l |T.L.8S.9%d.1. V.8.%d.y. Abs. A Por,
08 | Bright buft- | Weuk, soft : s W) [ (1. .0 | =7 9.1
05 | [.;:,:?1’: buff-red | Good, S.H. a8 | a8 [ ate | 3 22,0
01 | Bright buff- Good, S.H. 8.4 19.9 23.1 4.5 8.9
3:4= Blsi[;::t brown- | Good, S.H. 0.2 | 229 7.5 1.0 9.2
12 B:E;lw]rn and Vesieular, S.H. 8.9 20.4 4.3 8.0 18.3

| black

Remarks: Best firing range: 06-8. Cone fusion: 17. High shrinkage.
Class of ware: Reduce excessive shrinkage with nonplastics for brown
and red structural wares.

White clay, 15 feet thick, is reported to underlie the red clay
in the well mentioned above and is said to occur in many other
places in the Tekoa region. It is exposed in a ditch in a swale
near the center of sec. 36, (21-45 E), where indications point to
an extensive deposit.

Sample No. 66, taken from material removed from the ditch,
is light gray in color, and parts are smooth and unctuous. The
texture, however, is not uniform, and some portions are harsh
from the content of fine quartz sand. It is very compact and
brittle when dry.

Plastic and dry properties Sample No. 66

Plasticlty: - coisisi st iianis vy Good  Volume shrinkage ....... 20.7% dry volume
Shrinkage wWater ..........ccocevesees 10.1%  Linear shrinkage ........ 7.4% dry length
Pore Watlr .......ocossrsessasrnrssns 10.4% Linear shrinkage ........ 6.8% wet length

Water of pIasticity .. ...cereconenemns 20.5% Dry condition ........e.. Good
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Fired properties Sample No. 66

Cone Color ‘ Condition L8.%d.). (T.L.8.%¢d.).| V.S%d.v. Abs, A.Por,
|
(s | Cream | Weak, soft -0.1 7.3 -0.4 16.6 0.1
(4*| Cream tiood, hard 2.4 5.2 6.9 15.2 925.3
02 | Light buff Good, hard 3.4 4.0 -0.9 12.1 2.4
(-7*| Light buff Good, hard -3.6 3.8 -10.4 0.7 0.4
12*| Brown-huff Good, 8.H. 1.0 (K" +3.1 0.8 8.6
15 | Brown Good, S.H. 3.2 4.2 9.1 8.6 | 17.3

Remarks: Best firing range; 04-15. Cone fusion: 26.

Class of ware: Buff-colored pottery ware if sand is removed. Needs a
high temperature for strong structural wares.

In order to ascertain the physical properties of what is prob-
ably a pre-Tertiary sandy shale occurring in this vicinity, a sam-
ple was taken from a large exposure along the road just south of
the clay sampled as No. 65. This material is coarse-grained and
friable and readily weathers to soil. Two prominent color phases
occur, one light gray, the other bright buff.

Sample No. 63, of the buff rock, is compact, moderately hard,
and is well jointed.

Plastic and dry properties Sample No. 63

Plastidity. s o E i et o w stalery Weak  Volume shrinkage ....... 4.49 dry volume
SHrinkage WELeT ......sicsancaseasins 2.3% Linear shrinkage ........ 1.5% dry length
B WELBT: s i s o e T 14.8% Linear shrinkage ........ 1.0% wet length
Water:of plasticity oo iinins 17.1%  Dry condition ............ Weak

Fired properties Sample No. 63

Cone | Color Condition L.8.9%d.), [T.L.8.%d.) V.8.9d.v. Abs. A.Por,
i et Rt Y e d v e fa Sia e I
08 | Buff-brown Weak, very soft ~1.7 -0.2 0.5 21.9 35.9

- 07 | Brown-red Weak, saft 0.2 1.7 0.7 17.2 2.5

*| Bright buff- Good, hard .8 2.3 2.5 11.3 2.8
red

02 Brlg:lt buff- Good, hard 2.3 3.6 6.2 11.0 218
red

-7* Brown-red Good, S.H. 5.4 6.8 13.0 0 12.4

10 | Dk. gray- Vitreous, 6.5 8.0 18.% 1.6 !
hrown good, S.H.

1) T o | L Ly O L e S e B st S I B St i ey ol e

Remarks: Best firing range: 05-8. Cone fusion: 12.

Class of ware: Needs more plastic strength for auger machine work.
Red and brown structural and facing wares.

Years ago a pottery operated on the clays taken from the
W14 sec. 33, (21-45 E), about 2 miles southeast of Latah, where
the topography indicates a large body of similar sedimentary
material. An overburden of Palouse clay, however, effectually
conceals the subsurface in most places. In some respects, the
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clay is similar to sample No. 65 but not so highly colored with
iron oxide. The products made were dark buff in color and
included the common kinds of stoneware.

Sample No. 71-A was taken from a dump at the old work-
ings, where a tunnel had evidently been driven into the hill-
side. The material is mottled brick red and very light gray,
has a high sand content, and is of nonuniform texture. The
sample is probably not representative of what could be ob-
tained here by selective mining.

Remarks: Too much plastic material causes a high shrinkage, making
the commercial use of this clay alone inadvisable. It would be useful as a
bond clay for dark or buff-brown structural wares, or as a No. 3 refractory
brick; the cone fusion is cone 23-26.

In a road cut 214 miles southeast of Fairfield, in the NW1/
SW1j sec. 29, (22-45 E), is exposed a partly decomposed shaly
material which no doubt exists in large quantities. Five feet
of Palouse clay covers the deposit where sampled.

Sample No. 74, of this deposit, is a nonuniform mixture of
soft fine-grained white shaly material and coarse very sandy
hard shale. Abundant sericite in the finer portions gives a
smooth, talc-like texture that might easily be mistaken for the
unctuous feel of many kaolins.

Plastic and dry properties Sample No. 74

d i e o O e e AT i Fair Volume shrinkage ....... 11.8% dry volume
Shrinkage water .............ceenues 9.0% Linear shrinkage ........ 4.1% dry length
POTE WAL ... vcusvswn oo insmsne s 13.3% Linear shrinkage ........ 2.4 wet length
Water of plasticlty ....coecoeevianes 223% Dry condition ......c000 Fair
Fired properties Sample No. 74

{‘nna!| Color Condition L.8.%.1 |T.L.8.9%d.L| V.8.9d.v. Abs, A.Por.
=1 == heoal e e pn Rt e B S

08 | Bufl-brown Weak, soft 0.6 3.5 -1.7 18.9 8.

06 | Red-huff Weak, soft 0.3 4.4 0.8 17.6 81.2

(4* Bright brown- | Good, S.H. 18 b4 3.9 12,7 24,

red
i | Brown-red Good, S.H. 3.7 7.8 10.7 6.6 13.%
15 | Gray-brown Vitreous, 7.2 11.3 20.0 2 2.8
| good, S.H,

Remarks: Best firing range:
range,

Class of ware:

04-15.

Cone fusion: 20-23. Long firing

Red and brown structural wares.

Manito district.—White and red clays are exposed south-
east of Saxby Station in a cut on the Chicago, Milwaukee,
St. Paul & Pacific Railway where it crosses the State line. An
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exposure near the west center of sec. 18, (23-46 E), is about
200 feet long and 15 feet high and is composed of residual clays
overlain by a small amount of Palouse clay. Several kinds of
material occur here, but predominant is a sandy brick-red
clay derived from the decomposition of gneiss. Cutting the
other rocks is a feldspathic dike, nearly vertical and striking
S. 20" E., about 3 feet in width, that has altered to a mass of
yellowish-white kaolin.

Sample No. 90-A, of the red clay, is coarse and uneven and
has abundant quartz grains disseminated throughout. Frag-
ments of slightly altered feldspar and flakes of muscovite are
also numerous. Sufficient clay substance is present to make
dry lumps of this material very firm and compact.

Plastic and dry properties Sample No. 90-A

Plastieit ) e e e Good Volume shrinkage . .....20.1% dry volume
Shrinkage water . L117% Linear shrinkage ........ 7.2% dry length
Pore water ......... o 19.2% Dry condition ........... Good

Water of plasticity ........... .. 30.9%

Fired properties Sample No. 90-A

Cone Color Condition L.8.9d.1 |T.L.S.%d.L| V.S.9d.v. Abs. A.Por.
06 | Bright buff- Weak, soft sl 8.3 3.4 4.7 41.5
red
02 ' Bright buff- Weak, soft 4.9 121 14.0 19.2 5.4
red

Remarks: Best firing range: 1-8. Cone fusion: 16.

Class of ware: Mix with a less plastic clay for red and brown facing
and structural wares.

Sample No. 90, of the kaolin, has a slightly vellowish color
when damp but dries almost pure white. The texture is very
fine and even; grit is detected only when a fragment is tested
between the teeth and then in small amount. The clay has
a soapy feel and in lumps is very compact and brittle. Con-
siderable iron oxide has leached from the adjoining red clay,
staining the kaolin near the contact. This cuts down the avail-
able white clay, but if the deposit were prospected to a little
depth below the surface, a sufficient width of clean material
might be developed to be of value.

Plastiec and dry properties Sample No. 90

Plasticity ... i Good Volume shrinkage ....... 29.27% dry volume
Shrinkage water .....,......:.......174% Linear shrinkage ........ 10.9% dry length
BOre Waler . . e e 18.3% Dry condition........... Lamination cracks
Water of plasticity .........c000ia0es 35.7% from auger
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Fired properties Sample No. 90

Cone | Color Condition LS.%d.]. IT.L.B.%d.l. V.8.%dy. Abs, A Por.
o7 | Light eream Weank, soft 4.6 1 3.2 23.1 385
4* Light crenm Hard 5.0 16.8 16.6 17.3 2.6
02 | Light eream Steel hard 10000 20.0 27.1 14.8 90.3

3 | Light eream Stee] hard 11.1 2.0 209.8 1152 2.1

7% Light cream LT o Ty (e (R o | e .8 19.3

10 | Mottled bufl e 70 T TR 0 2 PO RPr DRt P AR FRARA 4.2 10.0
and gray |

12* Cream I Good, S.H. 15.0 25.9 88,7 a8 5.4

Remarks: Best firing range: 04-20. Cone fusion: 30-31. Needs non-
plastic material.

Class of ware: Refractories; buff-colored pottery and terra cotta ware;
buff-colored facing and general structural wares.

In the valley of Lake Creek (south fork) poorly assorted
gray clays and quartzose sands occur under a variable over-
burden of Palouse clay. Drill holes in sec. 36, (24-45 E) show
these sediments to have thicknesses of at least 40 feet in favor-
able places. The clays are apparently colluvial, grading into
both residual and transported types. They are doubtless buff
firing. Indications of similar nearly white clay were at the
bottom of a 15-foot railroad cut just west of Hagen Station
in the west center sec. 1, (23-45 E).

Very extensive deposits of gray and nearly white sedi-
mentary clays occur in the vicinity of Manito Station in the
NW14 sec. 9, (23-45 E). Just north of the depot the grade
cut exposes an overburden of Palouse clay and sand from 4 to
10 feet thick, a bed of stained, reddish-brown plastic clay from
8 to 10 feet thick, and a lower white sandy clay 8 feet thick
with base concealed. Test borings elsewhere near the station
gave the following section: Palouse clay, 2-15 feet; yellow
ocher, 1 foot; light-gray clay, 3 feet; and dark-gray very fine-
grained clay, 0-10 feet.

A few carloads of the white clay from north of the station
were used at one time by the Washington Brick, Lime & Sewer
Pipe Co. Samples tested by Wilson® showed that the clay,
after the usual purification, could be used satisfactorily in a
whiteware mixture to produce a good cream-colored body.
This general region south of Mica Peak is particularly favor-
able for the occurrence of these clays and excavations have
proved their presence. The deposits are concealed by Palouse
clay, but that overburden is relatively thin and prospecting
by drilling would undoubtedly show high-grade clays to under-
lie several thousand acres.

@Wilson, Hewitt, Kaolin and china clay in the Pacific Northwest: Univ. of Washing-
ton Eng. Exp. Sta. Bull. 76, p. 58, 1934.
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A peculiar kind of clay is exposed in a cut on the Oregon-
Washington Railway & Navigation Company’s line at Lockwood
Siding. Under 2 or 3 feet of overburden are beds of stratified
plastic alluvial clays to a depth of probably 6 feet. These are
variously colored and show different textures in the several
rather thin beds. A thin layer of limonite marks the bottom
of the lake or pond in which these sediments, eroded from the
adjacent crystalline rocks, were deposited. Below the limonite
is about 6 inches of very fine-grained clay, high in organic
matter, and the rest of the exposure is a fine porous residual
clay, of general bluish color, derived from some igneous rock
very low in quartz, possibly on the order of andesite. The
depth to which decomposition has gone, beyond the 4 feet ex-
posed, is unknown.

Sample No. 78-A, taken from the lower material, is dark
bluish green when damp and dries to a bluish-gray color with

yellow and greenish phases. The material is but little consoli-
dated, and lumps crush easily between the fingers to fine powder.
No grit is apparent; yet the clay lacks the unctuous feel of
ordinary smooth clays. The low specific gravity also is unusual.
Under the microscope the clay shows abundant irregularly
shaped yellowish masses and rounded aggregates of kaolin, min-
ute grains of magnetite in great quantities, but no quartz.

Plastic and dry properties Sample No. 78-A

PIAEtIeity oo i e e e s s e sl Good Volume shrinkage ....... 21.49% dry volume
Shrinkage water ........ .o 1219  Linear shrinkage ........ 7.7% dry length
e o R ) et e S e e e 19.97% Linear shrinkage ........ 6.19% wet length
Water of plasticlty i 32.0% Dry condition ............ Cracking

Fired properties Sample No. 78-A

Cone ! Color Condition L.8.9%d.). T.L.8.%d.). V.5.%d.v. Abs. | A.Por.
(= | Blue-gray Wenk, soft 8.3 13.2 15.5 2.6 40.4
045 Purple-gray Hard 0 14.8 18.5 .8 2.4
M* Buff-gray Steel hard 9.0 16.7 4.8 4.8 33.3
02 | Gray Steel hard 10,7 18.4 2.8 11.3 24.0
6 | Brown-gray Steel hard 15.4 25.1 30.4 4.2 10.5

Remarks: Best firing range: 06-15. Cone fusion: 26. Very peculiar
gray colors; bad eracking at all temperatures; high shrinkage.
Class of ware: Add nonplastic material for structural wares.

The usual light-gray clays are of widespread occurrence in
this vicinity, as they are at Manito. Samples are difficult to ob-
tain without boring, as the material underlies the Palouse clay.
On the Thompson place in the E/4SW1/ sec. 5, (23-45 E) white
clay was struck in a well and later obtained in a pit. Other occur-
rences have been reported from various places between Lock-
wood Siding and Freeman, and it is reasonable to expect much
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of the region to have high-quality clays under a variable amount
of overburden.

Freeman district—The clay deposits at Freeman, in sec. 1,
(23-44 E), are among the best known in the State, for they have
produced a very large tonnage in the past 40 years. The location
is near the northern border of the low, rolling plains at approxi-
mately 2,600 feet elevation, where the basalt thins out and gran-
itic rock becomes predominant. Here are found residual clay
from the decomposition of granite and gneiss, well-stratified

alluvial clays, and Palouse clay.
Prate 9

RESIDUAL CLAY PIT AT FREEMAN.

A 24-foot face of clay is mined after stripping the scant overburden of Palouse clay. See
samples No. 78 and 80.

Freeman pit.—Just north of Freeman Station the residual
clay is well exposed in a pit about 250 feet in diameter that
extends back into one of the spurs leading to Mica Peak. Below
a variable overburden of Palouse clay and gravel, from 6 to 15
feet thick, residual granitic clay is exposed for 25 feet above the
pit floor and for 20 feet below it. The feldspars have entirely
altered to kaolinite, and the whole mass, although retaining the
original rock texture, is rendered nearly as soft as sand. The
depth to which decomposition extends is unknown, but there is
no change in the 40 feet or so worked and test drilling is said to
show a depth of at least 150 feet.
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Cutting the sandlike material are numerous bodies which
were once dikes and irregular masses of pegmatite. These vary
greatly in size, their thickness ranging from a fraction of an
inch to several feet. They have decomposed as has the original
granite, the only difference now being in size of grain. The
quartz masses may be as much as 2 inches across; “books” of
muscovite may be equally large; and the powdery, chalk-like
kaolinite forms the matrix and a large proportion of the entire
body. Many of the smaller dikes were apparently entirely feld-
spar and so appear as veinlets of kaolinite in which quartz and
mica are absent, but these may owe their origin to the deposition
of the powdery kaolinite by ground water in fractures and joints
of the original disintegrated rock. Unaltered granitic gneiss,
with a texture similar to coarse sandstone and cut by pegmatite
intrusions making up 40 percent of the rock, are exposed in road
cuts 4 miles north of Freeman in the south center of sec. 10,
(24-44 F).

Sample No. 78 was taken of the uniform medium-grained
material forming the bulk of the Freeman deposit. It is light
gray in color and consists of subangular grains of friable quartz,

abundant fine muscovite, and a groundmass of white powdery
kaolinite. It is virtually a loose, clayey sand.

Plastic and dry properties Sample No. 78

PHsHCEy i Gl rams e was v a Good  Volume shrinkage ....... 18.6% dry volume
Shrinkage water ........coeeeeeeruns 9.3% Linear shrinkage ........ 5.69% dry length
S e T O A T R 124% Linear shrinkage ........ 4.09% wet length
Water of plasticity ........cccveinnns 22.1% Dry condition ........... Good

Fired properties Sample No. 78

Cone Color Condition | L.8.g96d.). T.L.8.%1.1.| V.8.%d.y. Abs, A.Por.
G | Cream Weak, soft 1.7 7.3 4.0 2.6 6.4
& | Cream Wenk, soft | 2.0 7.6 .0 19.9 5.6
10 | Cream Weak, soft | .2 7.8 6.4 19.6 5.
12 | Cream Giood, hard 2.9 il B e | e e 5.0
15  Cream Good, hard | 8.4 )0 9.8 18.6 .3

Remarks: Best firing range: 12-18. Cone fusion: 30-31.
Class of ware: When washed, it has a possible use for whiteware. At
present it is used for siliceous clay refractories.

The pit is operated by the Washington Brick, Lime & Sewer
Pipe Co., the clay being shipped to their plant at Clayton where
it is mixed with local plastic clay and made into fire brick and
other refractory products. In mining, the overburden is stripped
off and the underlying residual material is caved onto the pit
floor, no effort being made to sort the different phases. It is
loaded by hand into a car which is drawn up an incline and
emptied into gondolas on the railroad above. Similar residual



Spokane County 243

clay was taken for a short time from another pit opened to the

west of the main Freeman pit. A working face of 10 feet or so
was developed for about 150 feet along the railroad right-of-way.

A plant of the Washington Brick, Lime & Sewer Pipe Co.,
for manufacturing common brick, was formerly located south
of the railway at Freeman. The clay used was the ordinary
Palouse type so common in southeastern Washington (see pp.
327-332 for description and the results of tests), but underlying
that material is an unknown thickness of stratified alluvial clays
that doubtless belongs to the same series of sediments as those
exposed at Manito Station and elsewhere south of Mica Peak.
A test hole in the pit floor gave data for the following section:

Section at brick-clay pit, Freeman

Feet

Palouse clay, reddish and yellowish brown, in part sandy,

teed for Brick: i ias mas s v e b e e 40+
Pit floor
Sund-and el ooy mandl. . e e i eyt e e AT 8
Boulders and oranbly i e s s e s e ey i g 2
Clay, stratified, very plastic, fine-grained, blue.

STy o) P W T T P R L e il e L 3
Clay, similar to above but more sandy.........scveuvenovases 14+

Sample No. 79, of the underlying blue clay, is very plastic
and smooth when damp and then has a dark-blue color. When
dry it is grayish blue and is compact and very brittle. This
material appears to be a kaolin that has become colored by
ferrous iron.

Plastic and dry properties Sample No. 79

Plastioiby - o amiinaeeviss Good, strong Volume shrinkage ....... 41.29% dry volume
Shrinkage water ............ce0cunnns 27.0¢% Linear shrinkage ........ 16.3% dry length
POTE WAaler . .vererrennrnanosransnsens 24.5% Linear shrinkage ........ 10.2%; wet length
Water' of plasticity ......covvceiannns 51.5% Dry condition ........... Tough and strong

Fired properties Sample No. 79

Cone Color Condition L8.%d.1 [T L.8.%d.1| V.5.%d.v. Abs, A.Por,
[ i !
010 | Brown Hard 5.5 21.6 | 15.1 20.3 16.0
17,7 | 20.2 42.7

07 | Brown-bu T S.H. 6.3 22.6

Remarks: Best firing range: 06-10. Cone fusion: 20-23. Badly
cracked; poor color; but long heat range. Too much plastic material; add
nonplastics.

The extent of these or similar low-iron light-firing clays in
this vicinity is doubtless considerable, as they have been re-
ported from wells a mile south of Freeman, in the NE1} sec. 11,
(23-44 E) and presumably underlie the Palouse clay eastward
to the Manito occurrences.
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After the closing of the brick plant at Freeman, a kaolin-
washing plant was erected on the same site. It is inoperative
at the present time but in 1925-26 handled some 1,500 tons of
residual clay from the pit north of the station. The installation
and process are described in detail by Harby,” designer and
former superintendent of the plant. The raw clay was trucked
the short distance to the mill where it passed through disinte-
grating rolls to a blunging or washing apparatus that removed
the coarser sand. The resulting slip of suspended finely-divided
quartz, muscovite, and kaolin was further classified in a series
of troughs and settling tanks until only the purest kaolin reached
the open-air drying tank. About 50 tons of clay could be washed
per day with a recovery of 35 percent kaolin, 50 percent coarse
quartz sand, and 15 percent fine sand and muscovite. The dried
clay from the summer’s run was shipped in the fall or spring to
the plant of the Washington Brick, Lime & Sewer Pipe Co. at

Clayton.

Mica district.—In the vicinily of Mica a reentrant in the hills
has allowed deep decomposition of the old granitic surface and
the accumulation of excellent clays. One or more thin flows of
basalt reached into this region, now drained by California Creek,
and caused some ponding of water; this no doubt aided in the
clay deposition. The basalt cover at the present time is largely
removed, but brown residual clay remains in places, although
the Palouse clay is even more widespread. In this favorable
location, thick beds of nearly white clay have been extensively
developed for various ceramic uses. They are known to occur
northeast of Mica, and the geologic conditions supplemented by
drilling data indicate an extent of more than 3,000 acres in that
vicinity.

No doubt the thickness of the beds is extremely variable. for
deposits of residual, colluvial, and sedimentary origin are in-
volved. However, a number of test holes were still in white
kaolin at 15 feet, and one test showed white clay to reach to a
depth of 75 feet. Two miles west of Mica at least 11 feet of
plastic white clay underlies a foot or so of ocher, 10 feet of gray
sandy clay, and some 5 feet of Palouse clay overburden. Glad-
ding, McBean & Co. have a plant at Mica (formerly operated by
the American Fire Brick Co.) and are making a large variety
of products. The clay is taken from four places: three a little
distance east and northeast of the plant, and one about a quarter
of a mile to the north.

Gladding, McBean & Co. pits—The “north”, or fire-clay, pit
extends northward for 700 feet as an open cut and quarry along
a west hillside. The width of the excavation varies from 50

(D Harby, J. M., Clay washing: Am. Ceramic Soc. Jour. vol. 6, pp. 197-199, 1927.
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to 150 feet, and the most recent working face is 30 feet high.
Here 15 feet of roughly stratified sandy brown Palouse clay and
some gravel covers the white clay, but in other places there is
as little as 2 feet. The workings may be extended for a long
distance to the north and east, while the pit floor may be lowered
25 feet or so without causing drainage difficulties; so an immense
reserve of fire clay is available. X
LATE 10

A. FIRE-CLAY PIT OF GLADDING, McBEAN & CO. AT MICA.

A 15-foot face of clay is worked and about 15 feet of overburden is stripped. See sample
No. 9.

B. PIT OF WASHINGTON BRICK, LIME & SEWER PIPE CO. AT MICA,

Clay is worked in two benches, an upper 40 feet of Palouse clay and a lower 25 feet of
refractory lacustrine clay. Each is used in the various mixtures. Sample No. 94-C
is of the lower clay.

The white clay is a modified residuum from a granitic rock
particularly low in femic minerals. It mostly occurs as a massive
plastic material filled with grains of quartz and muscovite. In
some places are small lenses (to be measured in inches) of coarse
sand composed of quartz, muscovite, and partly altered feldspar,
the latter in broken crystals as much as one-half inch long. In
general, there is no suggestion of stratification, though toward
the south end of the openings a bedded ocherous clay and yellow-
stained sand in layers several inches thick underlie the massive
clay. The lack of assorting, absence of orientation of the mica
plates, an angularity of all coarse grains, indicate a residual
origin slightly modified by wash and settling; the clay, then, is
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best classified as colluvial material formed in the near proxim-
ity of water-laid sediments.

In mining, the overburden is stripped off, after which the
white clay is loosened by blasting and loaded by hand into cars.
These are drawn by a gas-engine locomotive a quarter of a mile
to the plant, where the clay is used in all refractories manufac-
tured here.

Sample No. 94, of the fire clay, is tough and plastic and has a
bluish-gray color when damp. It dries nearly pure white and is
then very compact and brittle. The abundant grains of angular
quartz in general do not exceed a millimeter in diameter, and
most of the particles are extremely fine. Muscovite flakes are
numerous and some are over 2 millimeters across.

Plastic and dry properties Sample No. 94

PLASHICILY oo it i win s oo a s nioinas Strong  Volume shrinkage ....... 21.9% dry volume
Shrinkage water ............iiiseees 15.69%. Linear shrinkage ........ 10.3% dry length
Pore water .........cociavinsnennanas 15.7%  Dry condition ........... Good

Water of plasticity ........convvuvnen 31.3%

Fired properties Sample No. 94

Cone | Color Condition L.8.9%d.1 |T.L.8S.%d.1. V.8.%d.v. Abs. A.Por,
s Cream Weak, soft 1.8 12.1 o4 .3 40.0
07 | Light cream Weak, soft 2.5 12.8 7.3 3.0 38.0
M* Light cream Good, hard .6 16.4 18.5 12.8 25.5
(2 | Light cream Good, hard 7.3 17.6 20.2 11.6 23.7
6 | Light eream Good 19 17.8 2.9 0.6 19.5
12* Light eream Good, S.H. 8.8 19.1 24,9 .5 13.9
15 | Light cream Good, S.H. 10.2 20.5 0 6.0 13.1

Remarks: Best firing range: 05-20. Cone fusion : 33+ (washed
sample).

Class of ware: Refractories and light cream-colored structural wares.
Wash for buff-colored pottery wares.

The “south” pit lies about 200 yards east of the plant and has
furnished the material for sewer pipe, hollow block, and similar
ware. It covers an area 300 feet north and south, and has been
extended eastward to the hill a distance of 400 feet where the
face is about 45 feet high. The surface mantle, of from 8 to 20
feet of Palouse clay, has been used with the underlying light-
colored clays in the sewer-pipe mixtures. This practice not only
eliminated the overburden problem and made a free, smooth-
working body but gave to the fired ware the red color which is
considered necessary for sewer pipe. Under the brown surface
clay is 2 to 6 feet of iron-stained water-worn quartzite pebbles
and sand. Below this is an irregular layer, 1 to 2 inches thick,
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of bog iron that has been deposited on a very uneven erosional

surface of kaolin. The lower kaolinic material has nonuniform
layers of stained and light-gray plastic clay and very sandy
ocherous clay in the upper 4 feet; below that is 10 to 15 feet of
sandy micaceous bluish-gray colluvial clay not unlike the fire
clay of the “north” pit.

Sample No. 94-B, of the lower blue-gray clay, is slightly finer
in grain and a little more plastic than the clay of the “north” pit,
but it dries nearly white and in other respects closely resembles
the fire clay material. The sample includes only the unstained
material.

Plastic and dry properties Sample No. 94-B

PIABHBIIN oiiicn s it it s ol 9 g Good Volume shrinkage .......21.0% dry volume
Shrinkage water: . .:o:idhsasmaleie 12.0% Linear shrinkage ........ T7.69 dry length
Pore: WREEY ' il i il aas i E sl e e 19.6% Linear shrinkage ........ 5.6% wet length
Water of plasttcify’ v iEaasnaimim 31.6% Dry condition (000500 Lamination eracks

from auger machine

Fired properties Sample No. 94-B

Cone Color Condition | LS.%dA1 [TLS%dL V.SG%dy.| Abs. | A-Por
| |
(8 | Light gray Weak, soft 2.5 10,4 5.0 23.5 3E.o
07 | Light eream Weak, =oft .2 9.5 6.5 | 20.6 34.1
H* Light cream Good, S.H. 6.0 13.6 17.0 | 13.0 %8
2 Light cream BOOG BN = | | el i sy Fe st e e i | 10.7 22,0
3 | Light freckled Good, S.H. 8.3 15.8 226 | 8.1 16.2
| cream
7% Light freckled | Good, S.H, b4 | 114
eream | | |
12* Light cream 1':nn§. few spots, 12.1 | 19.7 32.0 | 3.5 8.0
S.H. |
15 | Cream Good, SH, 128 | 199 2% O X ‘ 6.6

Remarks: Best firing range: 05-15. Cone fusion: 32-33.

Class of ware: Need to mix with nonplastic material for buff-colored
structural wares. Terra colta, buff pottery wares, and refractories.

A horizontal bed of white kaolin, about 12 inches thick, was
very persistent in parts of the “south” pit now worked out and
was unique in appearance. It resulted from the natural washing
of the gritty residual clay and a consequent rather complete
separation of the component kaolinite and quartz. In one part
of the pit, as the face was carried back, this layer was underlain
by 2 feet of loose fairly coarse light-colored sand composed of
quartz and feldspar grains with flakes of muscovite. This formed
the floor of the pit here and had not been penetrated to the clay
which underlies it. Above the kaolin was a small amount of sand
which graded upward into the gritty highly plastic bluish-gray
clay. In another place the kaolin seam was underlain by plastic
gray clay similar to the upper member and without the accom-
panying loose sand.



Prate 11

A. NEARLY PURE KAOLIN INTERBEDDED WITH THE USUAL REFRACTORY
CLAYS AT MICA.

This irregular layer, outlined in black, forms a sticky-plastic band in the pit face.
Sample No. 94-A.

B. RAIN-GULLIED RESIDUAL CLAY IN A RAILROAD CUT 112 MILES
NORTH OF MICA.

A sandy refractory clay with scant overburden.
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Sample No. 94-A was taken of the kaolin. It ig light cream
colored when damp and has about the same texture as soap.
After drying, it is pure white, only slightly compact, and ex-
tremely brittle. A few small aggregates of quartz grains and
flakes of muscovite occur in this sample, but except for these the
material is entirely free from grit, even when tested between
the teeth.

Remarks: Very sticky and gluelike when tempered in water. Cannot
be molded. Fires to a gray white and does not fuse till close to cone 35.

The “plastic” pit is one recently opened about 300 yards north-
east of the plant. It is in a swale where comparatively recent
erosion has stripped the usual Palouse clay overburden from
the white clay. The present land surface is in the yellow iron-
stained sandy clay that commonly separates the Palouse clay
from the high-quality lower clays. This yellow overburden,
from 2 to 6 feet thick, is scraped up by a tractor-powered shovel
and used in red-firing mixtures. From a smaller, inner pit 12
to 15 feet deep the underlying white clay is being used in place
of that formerly taken from the “south” pit.

This white clay shows more evidence of transportation and
consequent water classification than is usual on this side of Cali-
fornia Creek Valley. Assorting is far from complete, and strati-
fication is rude; but the pit walls show three thick beds of gray
clay, in part very soft and plastic, though not free from quartz
grains, separated by layers and lenses of clayey to nearly clay-
free loose quartz-muscovite sands. These latter are mostly thin,
but one lens has a thickness of 4 feet and length of nearly 30
feet. An interesting feature of this pit is the occurrence of a
more or less horizontal layer or series of lenses of white, chalk-
like kaolin much like that of the old “south™ pit.

The company has opened a shallow surface pit in the Palouse
clay on a hill 600 feet east of the plant. The clay is a buff-brown
loess of the usual appearance and properties. It is scraped from
an area 150 feet in diameter to a depth of 15 feet, carried by
truck to the plant, and there used in the ordinary red-firing
mixtures.

Sample No. 726 is one of two samples of the standard fire-
clay mixture taken from the general ground mixtures used at
the plant.

Plastic and dry properties Sample No. 726

PBBTITIYS o sty st w s it se b R kA Good Volume shrinkage .......28.7% dry volume
Shrinkage Water ...cr-nevssrsnsacsses 14.97; Linear shrinkage ........10.7% dry length
POTE AALEY, o5 S04 e aiw s ek o b e 10.6%

Water of plasticity ..........voiiinan 25.5%
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Fired properties Sample No. 726

Cone Color Condition LS9 |T.1.8.9d). V.82%d.v. Abs. A.Por,
(8 | Pink-gray Weak, soft 0.4 1.1 1.0 18.8 33.0
04* Light eream Weak, =oft 0.5 11.2 1.5 16.1 2.0
02 | Light eream Weak, soft 0.7 11.4 2.0 15.5 0.0

3 | Light eream Weak, soft 0.5 11.2 1.0 14.5 26.7
6-7* Light eream Weak, soft 1.2 1.9 3.0 12.7 23.0
12* Light cream Good, bard 2.8 15.5 8.0 11.3 22.2
15 | Light eream Good, hard 3.0 13.7 8.8 11.2 28.5

Remarks; Best firing range: 9-15 (fire brick). Cone fusion: 31.
Class of ware; Now used for a No. 1 siliceous fire brick,

Sample No. 736 is of the standard sewer-pipe mixture; it is
partly No. 94-B or similar buff-firing refractory clay and partly
Palouse clay from the overburden.

Plastic and dry properties Sample No. 736

Plastic e o e as s e Good  Yolume shrinkage .......&61% dry volume
Shrinkage water .....c.oieivescassess 13.09% Linear shrinkage ........ 9.6% dry length
Pore,  Waler “ciiive: . ccisan e iaie serts 11.7% Linear shrinkage ........ 7.0% wet length
Water of plastiefty ....0..uuociiien 24.7%

Fired properties Sample No. 736

1
Cone Color Condition L.8.%d1.1. |T.L.8.9%d.1. V.8.9d.v. Abs, | A.Por,
| |
08 | Buff-brown Weak, soft 0.0 | 9.6 0.0 123 | 33.4
07 | Lt. red-brown | Weak, soft 0.2 | 9.8 0.5 15.9 | 29.4
4% Brown-red Good, hard 0.8 10.4 2.5 1.7 22.1
01 | Brown-red Good, S.H. - 1.3 10.9 4.0 10.9 21.4
6-7*| Red-brown, Good, S.H. 2.9 12.5 8.5 8.3 | 16.7
bluck spots |
10 | Dark brown White blisters, 3.8 124 11.0 0.8 1 13.9
| good, S.H: |
12* Dark brown Vesicular, 8.H. 3.1 12.7 8.9 | 2.6 | 5.4

Remarks: Best firing range: 05-8. Cone fusion: 20.
Class of ware: Used for sewer pipe and other structural wares.

Gladding, McBean & Co., Mica plant.—Clays in the pits are
loosened by dynamite, loaded into cars by hand or by a pickup
power shovel, and pulled to the plant by a gasoline locomotive.
There they are piled in storage sheds, so they may be used sep-
arately or mixed, depending on the product desired. The “north”
pit fire clay is used for all refractories; a mixture of one-third
Palouse clay, 10 percent grog, and the rest from the Sommer
(Chester) pit is used for sewer pipe; and a mixture of clay from
the “plastic” or the “south”™ pit and Palouse clay is used for
the ordinary red-fired ware.

For all brick, the clay is ground in one 9-foot dry-pan, ele-
vated, screened, and stored in bins. From the bins it goes by
automatic feeder to a combination pug mill auger machine and
a 14-brick automatic cutter. Face and common brick are then
ready for the coal-fired tunnel drier; fire brick are first put
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through a repress machine. Drying requires 4 days. For hollow
ware, the raw clay goes by gravity to one of two wet-pans and
then by conveyor belt to a sewer-pipe press. Drying is on a
steam-heated floor. The kiln system includes one 26-foot, two
28-foot, five 30-foot, and one 32-foot round down-draft periodic
kilns. Fire brick are fired for 8 days to a temperature of cone 14,
sewer pipe for 7 days to a temperature of cone 3. In 1937 the
output consisted of about 60,000 face and common brick and
20,000 fire brick per day, together with a considerable tonnage
of sewer pipe, hollow block, and drain tile.

Washington Brick, Lime & Sewer Pipe Co—A large clay pit
of the Washington Brick, Lime & Sewer Pipe Co. is located on
the west side of the valley at Mica. It is operated as a quarry
cut, about 400 feet in diameter, all above drainage level in the
east side of a prominent hill that rises about 100 feet above the
valley floor. A railroad siding allows cars to be loaded near the
pit, and the clay is taken to the company’s plants at Dishman and
Clayton. This clay is similar to the material mined across the
valley by Gladding, McBean & Co. The top 40 feet of the total
65 feet is reddish-brown Palouse clay, very uniform in texture
throughout, except for ironstained sand and small quartzite
pebbles at the bottom. It is used with the underlying clay in the
sewer-pipe mixture, thus eliminating a stripping expense too
great to be practicable if the lower clay were to be used alone.

Underlying the Palouse clay is 20 to 25 feet of sandy gray
clay and clayey sand. The indistinct stratification is essentially
horizontal. The material is nonuniform, the texture varying
from coarse to fine and the color from light and dark gray to
yellow from iron stain. An irregular bed of white to iron-stained
kaolin, 3 to 18 inches thick, is associated with loose quartz sands,
as in the “south” and “plastic” pits on the east side of the valley,
and indicates the former continuity of these clays, now cut by
the erosion of California Creek. As would be expected, a bluish-
gray tough gritty colluvial clay occurs below the kaolin, as it
does in the other workings.

Sample No. 94-C was taken of the lower clay. It forms the
floor of the pit and is exposed for several feet in the side. After
drying, it is nearly white and corresponds closely with that
occurring on the east side of the valley (see sample No. 94-B,
p. 247).

Plastie and dry properties Sample No. 94-C

PIASEHEIEY. .. cenncrrrrsiyrarrnentenys Good Volume shrinkage .......35.1% dry volume
Shrinkage Water  «...coveremineineani 19.0% Linear shrinkage ........13.4% dry length
PO SWBRREE | o:oia'sii4is ois wuimniooate-slals [am{alpoa o6 134% Dry condition ........... Good

Water of plasticlty ......oveireiess. . 22.4%
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Fired properties Sample No. 94-C

[
Cone Color Condition LS%dl T.LS.%d.L V.8.9%d.v. Abs, ! A.Por,
08 Lt, pink-gray | Weak, soft 0.8 4.2 2.4 2.4 | 5.6
M4* Light eream, | Good, rough 4.8 18.2 15.8 11.9 2.1
near white surface, hard

02 Light eream, | Good, rough 5.4 18.8 15.4 10.8 2.7
near white surface, hard

& Light eream | Good, rough 6.0 19.4 16.9 83 | 189
near white surface, 8.H. -

12* Light cream Good, S.H, LR 21.8 23.3 4.2 0.2

15 Lt, gray Good, S.H. 9.9 2.3 2.9 3.7 8.2

Remarks: Best firing range: 05-20. Cone fusion: 32+.

Class of ware: Refractories with nonplastics. Terra cotta and buff-
colored structural wares. Wash for cream-colored pottery ware.

Just north of the main workings on the west side of the valley
is a shallow pit about 125 feet in diameter in a residual granitic
material. This is a clayey arkose comprising angular grains of
quartz, decomposed feldspar, and abundant muscovite in a
binder of clay. No work has been done here for some time, but

there is evidently a large quantity of clay and conditions for
mining are favorable.

A similar light-gray or nearly white material is exposed in
railroad cuts about a mile north of Mica. The grade has been
put along a hillside so that as much as 40 feet of the harsh,
gritty clay is exposed in the bank. It is like the fire clay used at
Troy, Idaho, a feebly plastic, coarse granitic material. Mining
conditions here are ideal for an apparently immense body of
this clay. A small pit was operated for a short time in this
material on the Conlan property in the NE!/ sec. 15, (24-44 E).
This is beside the railroad, 134 miles north of Mica and 350 feet
east of the highway underpass. The excavation is 75 feet long
and exposes 12 feet of white clay under 10 feet of sandy clay
overburden. A mile or so west of the Conlan property, at Redlin
spur on the railroad, a cut exposes 15 feet of clays. These are
plastic yellow, gray, and white beds under an overburden that
varies from 3 to 6 feet in thickness.

Moran district.—Silver Hill is a prominent elevation lying a
few miles southeast of Spokane and is a western continuation of
the granitic and metamorphic rocks that form Mica Peak. Light-
colored clays would be expected to occur near the 2,500-foot
level in favorable loealities. and in fact such deposits were ex-
ploited years ago. They have been encountered in wells on
Moran Prairie, at the western foot of Silver Hill, and one boring
showed 11 feet of yellowish-gray clay. Before 1900 clay was
mined and shipped to potteries from pits in the NW1,SW1/ sec.
10, (24-43 E), on the Peter Myren property. To the east, on the
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C. H. Stumpf property, a bored well is reported to have gone
through 10 to 14 feet of Palouse clay and then about 75 feet
of very sticky-plastic white clay underlain by a sandy water-
bearing material. This report is unverified, but, except possibly
for the unusual thickness of the deposit, the section accords
with what would be expected. A possible continuation of this
clay deposit occurs in the NW14/NE14 sec. 15, (24-43 E); it is a
light-gray very plastic clay, but fires to a pinkish buff at cone 04
and darker colors before fusion at cone 10.

Cheney-Medical Lake district.—A still more westerly exten-
sion of the old rocks are the low hills in the Cheney-Medical Lake
region. Good clays would be expected near the contact with the
basalt and have been reported in two places. One is from a well
on the Wellsandt property, just south of Cheney, in the EVANW1/
sec. 23, (23-41 E). A buff-firing alluvial clay associated with
lignitic material was struck under a scant soil and gravel over-
burden; the thickness of the deposit is not known. Another is
near the north end of West Medical Lake, possibly in sec. 10,
(24-40 E), where conditions are particularly favorable for the
existence of light-firing clays.

Chester district.—Spokane Valley, north of Mica Peak, is
filled with a thick accumulation of stream-deposited sand and
gravel, so that clays formed from the near-by feldspathic rocks
are effectually buried. Some are known, and others may be
sought, on gentle south slopes near the border of the valley-fill.
One deposit of this kind, locally known as the Chester or Vera
clay, is in the SE1/ sec. 35, (25-44 E), mostly on the A. M. Som-
mer property. Development work was begun in this vicinity
many years ago, and since then a large tonnage has been re-
moved. One of the earliest pits to be opened was an open cut in
what is probably a colluvial clay. The material is nonuniform
and generally coarse in texture. Sufficient bond is present to
give fair plasticity, but the clay is sandy and commonly much
iron stained. It was formerly hauled 3 miles to the small Chester
plant for making refractory ware.

Sommer pit—The main Sommer pit, now being worked
steadily, is some 300 yards southeast of the old fire-clay pit just
mentioned. It is about 300 feet wide and has a 20- to 25-foot
working face that is 400 feet long. The overburden consists of
sandy, pebbly, and bouldery Palouse clay that is mostly between
1 and 5 feet thick and a discontinuous layer of bog iron not over
a foot thick. This is stripped off, exposing horizontally stratified
clay of the Latah formation for the 20 feet or so to the pit floor.
Most of the lower clay is dark gray when damp and dries to a
very light gray, but original concentrations of iron oxide and
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irregular staining by iron-bearing solutions have produced a
vellow ocher in parts of the bed, and, because of high carbon
content, the clay near the foot of the present face is nearly black.
All is very fine grained and “fat”, though paper-thin layers of
very fine silt are present and responsible for the marked lamina-
tion of the more thinly bedded parts of the deposit. As in other
deposits of the Latah, leaf imprints are plentiful on the bedding
planes, and carbonized vegetal matter occurs occasionally.

The clay is loosened with blasting powder, then loaded into
trucks by a gasoline pick-up shovel. It is carried to the principal
users, Gladding, McBean & Co. at Mica, and the Washington
Brick, Lime & Sewer Pipe Co. at Dishman, though in the long
period of operation a considerable amount has been shipped by
rail and truck as far as Pacific Coast points. Drilling is reported
to show a maximum thickness of 45 feet, and although the total
area is probably not much over 20 acres, this erosional remnant
contains a large reserve.

Sample No. 100 is of the main body of clay. It is dark gray,
plastic and soft when damp and becomes very light gray, com-
pact, and brittle when dried. The texture is uniform and very

fine. Only when taken between the teeth can the small amount
of grit be detected.

Plastic and dry properties Sample No. 100

124 P10 0 oo § o A PR e e el e e o it L Sticky Volume shrinkage .......38.7% dry volume
Shrinkage water ..o 21.5% Linear shrinkage ........15.0% dry length

P O O O e s i e tase s B e 15.2% Dry condition ........ Lamination cracks
Water -of plasticity ... ....ceosrsrssne 36.7% from auger machine

Fired properties Sample No. 100

Cone Color | Condition L.8gd). [T 1.8.%d.L V.8.%dv. Abs. A.Por.

(2Rt DII-Eras [ WERK: 0 0 v e wt s dwamics s bl el OO Ew b B I R R
0% | Lt, buft Weak, soft 2.0 17.0 5.9 23.5 3.0
% Lt. buff S.H. 4.5 18.8 10,8 11.6 20.4

01 | Lt, buff S.H. 0.3 24.3 2.4 7.7 16,7

¢ | Buff S.H. 10,5 25.0 28.5 A0 6.3

10 | Uniform Vitreous, S.H. 15.0 25,0 H.2 0.6 1.3

It. gray
124 L.t. gray Good, S.H. 1.0 25.0 3.2 1 6 2.7

Remarks: Best firing range: 06-12. Cone fusion: 27 and 28. Too
much plastic material to use alone. High shrinkage and cracking.

Class of ware: Good color and strength for use in terra cotta and other
structural wares and buff-colored pottery.

Sample No. 101 was taken where impregnation by iron-bear-
ing solutions and leaching along silty bedding planes has given
a marked lamination to the soft clay. The color of this material
varies through light gray, light buff, yellow and pink, with
darker tones when wet. The dry clay is more compact and brittle
than sample No. 100 and pieces break with a conchoidal fracture.
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Like the other, this clay is practically free from grit and has a

very smooth, even texture.

Remarks: Tests on this clay are practically identical with those made on
sample No. 100 in all but the color of the fired pieces, the iron oxide content
causing uneven mottling in reds and browns.

Tiano pit.—Adjoining the Sommer pit on the south is the old
Tiano pit, 125 feet wide and 300 feet long, in the same bed of
clay. It has been many years since any work was done here,
and the 12- to 15-foot face has sloughed in, but apparently varied
color phases were particularly common. The pit floor shows
large areas of hard, brittle fine-grained claystone so high in
iron oxide that it is brick red in color and classed as ocher.

To represent the decomposition products of the granitic rock
along Spokane Valley, a sample was taken of sandy residual clay
removed from a well in the NW1/ sec. 31, (25-45 E). Similar
clays occur at other places in this section and to the north in
the SW14 sec. 30. Some may be alluvial in origin, but all appear
to be rather refractory and buff firing. This particular sample is
from no great depth and lies under but little overburden on a
gentle slope leading south toward Mica Peak. Such loose clay
would long since have been removed by erosion but for the fact
that it has been protected by a thin basalt flow, remnants of
which still remain as great boulders.

Sample No. 104, of this clay, is a gray and grayish-green color
and very sandy. It is composed of fragments of quartz and
abundant muscovite with a weak clay bond, all being derived
from a rock on the order of a micaceous gneiss rather low in
femic minerals.

Plastic and dry properties Sample No, 104

TS b L AR N A A e SR T Weak  Volume shrinkage ....... 14.7% dry volume
Shrinkage water .......ccepesssassas 9.0 Linear shrinkage ........ 5.19% dry length
POTE WALEY . .nvverrraramrreensnssssyy 20.5% Linear shrinkage ........ 4.7% wet length
Water of plasticity .......cov0vivinnn. 29.5% Dry condition .......... Moderate strength

Fired properties Sample No. 104

Cone Color | Condition | Abs, A.Por.
ok - e aliend ST R
- |
04 | Light pink-bufl ......cc.ovviiees Good, sandy texture. Soft........ | 5.2 8.2
06 | Light plok-buff ................. Good, sandy texture. Soft........| 2.6 596
3-4* | Light red-buff ........ccocvvvenns Good, sandy texture. Soft........ I ........................

Remarks: Best firing range: 6-12. Cone fusion: 27-28.
Class of ware: No. 2 or No. 3 refractory material. Without purification,
too high temperature is needed for ordinary structural wares.

In some places in this region pegmatite occurs in great masses
and as dikes cutting the granite or gneiss. As excellent deposits
of clay owe their origin to the decomposition of such rock on the
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south side of Mica Peak, they might possibly occur also on the
north side, although erosion has been more active here. A coarse
pegmatite containing large crystals of feldspar crops out at the
head of “Saltese Lake”, but the rock at this particular place is
fresh and unaltered. Prospecting would doubtless reveal clays
hereabout; in fact, large deposits of white clay are said to exist
in the S'% sec. 4, (24-45 E). Probable occurrences should be
sought throughout Saltese Creek drainage below the 2,500-foot
elevation, and in favorable places up to the 3,000-foot elevation.
They might exist, also, in the vicinity of Liberty Lake, though
it is doubtful if there they extend much above the 2,500-foot
elevation.

H. Seidel Clay Co.—This company, successor to the plant of
the Standard Stoneware Co., is located at Chester. Clay is
obtained from the Sommer pit and to it is added 5 or 6 percent
Palouse clay from Freeman. After a preliminary soaking, the

clay is ground in a small wet-pan and then made into flower
pots on a power-operated jigger wheel. A hot-room is used to
dry the ware, and firing is in an 8-foot round down-draft kiln.
Approximately 50,000 flower pots, the only product, are made
per year.

Washington Brick, Lime & Sewer Pipe Co., Dishman plant.—
This company has its sewer-pipe factory at Dishman Station,
about 5 miles east of Spokane, where transportation facilities
and labor conditions of a large city more than offset the expense
of freighting the clay to the plant. In 1937 60 percent of the raw
clay was from the Sommer pit, east of Chester, and 40 percent
from the company’s Palouse clay pits at Freeman and Mica.

The clay is dumped from gondolas or trucks into large stor-
age bins. From there it goes by tractor shovel and reciprocal
feeder to two 9-foot dry-pans. It is then screened and elevated
to overhead storage bins of 5,000 tons capacity. These feed to
two 8-foot wet-pans, and the clay is then elevated to a feeder
which automatically supplies the sewer-pipe press. The ware
in various sizes up to 30 inches is dried on steam-heated floors
from 8 to 24 days and is fired in eleven 28-foot kilns. These are
all of the round down-draft type. Two days are allowed for
water-soaking and 4!4 days to complete the firing. The output
in normal years amounts to 3,000 to 4,000 tons.

Pleasant Prairie district.—Light-gray residual and lacustrine
clays occur at many places north of Spokane Valley near the
contact of the basalt and the older rock. The basalt originally
extended to the mountain mass of which Mount Spokane is a
part and formed a thin flat floor over the lower slopes to the
2,500-foot elevation. Later the streams draining this area deeply
incised the basalt plain, cutting through in so many places that
now the old level is maintained by only a few flat-topped hills
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and benches. Five Mile, Pleasant, and other “prairies” are rem-
nants of the old basalt surface.

The removal of the basalt has exposed underlying Latah beds
in a few places, as on the south side of Little Baldy. Here, the
buff-gray silty sediments crop out owing to undercutting by the
Spokane River and recent road-grading operations. More ex-
tensive beds occur north and northeast of Little Baldy, as has
been shown by scattered wells and a few drill holes. No samples
are available, but the indications are that a large area of prob-
ably light-firing clay not unlike the Deadman Creek material
(see p. 258) underlies the head of Bigelow Gulch in sec. 25,
(26-43 E) and the neighboring region.

Pleasant Prairie lies near the eastern boundary of the basalt
in this vicinity and close to hills of granitic rock high in feldspar.
Erosion of the prairie since Miocene time has been slight, so a
level area, several square miles in extent, still remains. Beneath
the basalt cover and to the east of the old lava front would be a
logical place to expect high-grade residual clay. Examination
of wells bears this out, and samples of the clay were taken from
two localities.

Sample No. 117, from the Skattum place, is from 12 feet be-
low the surface in a partially filled well in the center of the S14
sec. 11, (26-44 E). This is the top of the white clay; the shaft ex-
tended to this depth through the disintegration product of the
old basalt capping, a nonuniform mass of brown Palouse clay
and rock. The depth to which the white clay extends could not
be verified, but several farmers located on the prairie concur in
the estimate that 30 feet is an average thickness in this district.
This residual clay is gray, very plastic and unctuous, and has the
subtranslucent appearance of kaolin when damp, although scat-
tered throughout are small angular grains of quartz and a little
muscovite. The dry lumps are light colored, very tough and
compact. It is assumed that a grittier, more arkosic material will
be found at greater depth.

Fired properties Sample No. 117

|
Cone | Color | Condition L8%d4) T.LS.%d4)| V.8%d.y, Abs, A Par.
08 | Lt. buff | Good, S.H.- 4.8 15.9 10,4 21.2 3.8
4% Bright buff | Quartz cracks, 8.7 20.8 .0 7.0 15.0
| S.H.,
02 | Bright buff | Quartz eracks, 0.8 21 .4 295.5 4.1 0.5
S.H.
4 | Buft Quartz cracks, 0.9 22.0 2.8 2.0
S.H.
6-7* Bufr Quartz eracks, 10.2 923 7.5 7 L 3.6
N.H.
15 | Brown Quartz eracks, 11.1 93.2 2.6 1.9 4.2

! #ood, S.H.

Remarks: Best firing range: 08-20. Cone fusion: 29. Needs nonplastic
material.
Class of ware: No. 2 refractories (siliceous); buff-colored structural

wares; terra cotta; wash for buff-colored pottery.
—9



258 Clays and Shales of Washington

Sample No. 117-A, from the F. J. Fitzgerald place, came from
under 16 feet of loose soil and gravelly material in a well located

in the NEV,SW1j sec. 23, (26-44 E). This is about 2 miles south
of the Skattum well. The shaft had penetrated the residual clay
for 4 feet. The clay is a light-gray gritty material—a typical
arkose—composed of very coarse grains of quartz, unaltered
feldspar, and muscovite. This clay is entirely interstitial so that
the original granitic texture is retained. A slight amount of iron
staining, derived from the Palouse clay overburden, shows in the
sample. The sample was washed before testing and the residue
removed on a 200-mesh screen. When tempered with 38.1
percent water, a good plastic strength was developed. Hard
bodies for buff-colored structural wares can be obtained be-
tween cones 04 and 12. The washed body can also be used for
buff-colored pottery. As the cone fusion was 31, the clay, if
properly grogged, will have a refractory value.

The overburden in this region varies from only a thin soil to
30 feet or so. Doubtless the underlying clay, also, is variable in
thickness; so extensive prospecting, utilizing a well-drilling rig,
should precede any attempt to develop the deposits. The roads
are good and the distance to rail connection is not great, but some
drainage problems would probably arise in any pit in this area.

Deadman Creek district.—A great thickness of horizontally
bedded Latah clay occurs in the sides of the valley occupied by
Deadman Creek. The series shows in wells and excavations, but,
owing to a thin covering of soil washed from higher elevations
and a basalt cover on the hills, natural exposures are scarce.
Some beds in this vicinity show the effect of localized sedimenta-
tion from the erosion of the nearby granite. Such clays are buft
firing and rather refractory—characteristics at decided variance
with the common properties of Latah clay-shales.

On the Fuher place, in the E1% sec. 28, (27-44 E), a prospect
shaft has been sunk on the north slope of the valley. It exposes
20 feet of clay; and at least an additional 38 feet of similar clay is
shown, by drilling, to underlie this. The clay is fine-grained
though sandy in part. The stratification is very distinet and
abundant leaf impressions occur on the bedding planes.

Sample No. 118-A was taken from the upper 4 feet of beds
exposed in the shaft. It is gray in color but is slightly stained
with iron oxide, the coloring matter following minute hairlike
holes which extend irregularly through all the lumps. The
texture is very fine and smooth, so that grit in slight amount can
be detected only when tested between the teeth. The dry lumps
are compact but very brittle. The following results were ob-
tained on a mixture of samples No. 118-A and 118-B.
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Remarks: When tempered with 294 percent water, a good plastic
strength is developed. Firing range is cones 04-12. As the fired color is a
good buff and the cone of fusion is 26, the clay can be used for buff-colored
structural ware, terra cotta, and, when washed, for buff-colored pottery.

Sample No. 118-B was taken from the 10 feet of material ex-
posed below No. 118-A in the shaft. The color is a little lighter
gray than the upper sample, and the texture is very different.
It is composed of fine siltlike sand, abundant fine muscovite, and
a binder of clay, so lumps readily break to powder between the
fingers and have a gritty but not very harsh feel.

Plastic and dry properties Sample No. 118-B

75 F1 1 ot T AL = N L S e Good Volume shrinkage ....... 20,44 dry volume
Shrinkage WaLEr .......isieeisressss 1189  Linear shrinkage ........ 7.3% dry length
POTE WALEY: ieaisinony e batsatoainiad 16.5% Dry condition ........... Good
Water: of PIRREICItY v st 28.3%
Fired properties Sample No. 118-B
Cone Calor Condition L 8.9 |T.L.S9d) V.89 d.v. Abs A.Por.
|
8 | Light buff Wenk, very soft 0.0 7.3 .0 21.0 H.e
(2 | Light buff Giood, hard 2.3 .0 6.6 10.2 32.0
1| Buft Good, hard 2.7 10,0 T 17.8 4.4
#-4* Buff Good, bhard 2.9 10.2 B 16.5 2.2
6| Bufy Goaod, S H, 4.3 11.6 12.5 15.0 978
12* Gray-buff Good, S H. T4 14.7 20.7 1.3 2.7
15 | Gray-brown Srqnhvltrenus. 8.3 15.6 B N ey ira /s s bt i n o s e 4%

Remarks: Best firing range: 02-15. Cone fusion: 28.
Class of ware: No. 2 refractory; buff-colored structural wares; terra
cotta. Grind or wash for buff-colored pottery.

Sample No. 118-C, from the bottom 6 feet in the shaft, is prac-
tically identical with the middle member, the only difference be-
ing a slightly finer grain and somewhat darker color.

Plastic and dry properties Sample No. 118-C

PIRSHEIEY . cvonminrin mas s sy e s Good Volume shrinkage ....... 30.8% dry volume
Shrinkage Water ....vesexsersovssrse 17.5% Linear shrinkage ........ 11.6% dry length
Pore Water ... dinaevaie 16,19  Linear shrinkage ........ 8.2% wet length
Water of plasticldy ....icccvivimivins 33.6%: Dry condition ........... Strong
Fired properties Sample No. 118-C
Cone Color Condition L.8.9%d.), MT.1.8.9%d.1. V.8.9%0.v. Abs. A.Por,
]
02-01 | Lt. brown-bufl | Good, hard 3.2 4.8 9.3 11.7 : 21.8
1* Lt. brown-buff | Good, S.H, (i %] 18.1 18.4 8.0 16.7
4% Lt. buff-brown | Good, 8.H, 7.0 19,1 20.9 6.1 12.8
-7 Lt. bufi-brown | Good, S.H. 8.2 1.5 2.7 5.4 T4
1241 Brown and Bloated, 4.3 15.9 12.3 2.0 3.8

binek

bllstered, 8.H.

Remarks: Best firing range: 03-10. Cone fusion: 20,

Class of ware: High shrinkage.

wares; terra cotta.

Brown and buff-colored structural
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To the west of the Fuher shaft about a quarter of a mile, at
nearly the same elevation, a small prospect pit has been dug.

Eight feet of Palouse clay overlies a thin layer of limonite under
which is a plastic gray clay to a depth of at least 4 feet.

Sample No. 118-D, of this lower clay, is a very light brownish
gray and resembles, in some ways, the upper member from the
shaft to the east (No. 118-A). It contains a small amount of
very fine grit and some muscovite, but, in general the texture is
very uniform and fine, so that the clay has a smooth, unctuous
feel.

Plastic and dry properties Sample No. 118-D

PIASHOIRY | i vt stan calas st e asiein s Good Volume shrinkage ....... 35.7% dry volume
Shrinkage water ....ocoovavvovionnes 2049  Linear shrinkage ........13.7% dry length
POre WALEP i i v an el 18.7%  Linear shrinkage ........ 9.0% wet length
Water of plasticity .......cocvvevnnn. 39.1% Dry condition ........ Lamination cracks

from auger machine

Fired properties Sample No. 118-D

Cong Color | Condition | L.S.9d1 [T.L8.%d1| V.89, Ahs, | A.Por.
: |———— — o - e |y e
o5 | Light bufr Weak, soft 2.5 16.2 7.2 2.1 | 403
06 | Lt. eream Good, hard 8.7 17,4 10,7 20.3 | 4.4
(4*| Bright buff Good, S.H. .o 19.6 16.6 11.9 | 22.9
02 | Bright buff Good, S.H, 7.1 .8 18.7 10.¢ | 21.7
6 | Deep buff Good, S.H. 8.4 2.0 22,8 2.4 5.8
12*| Giray-brown Good, S.H. 8.0 22.6 244 14 3.3
15 | Gray amd Few blisters, 0.8 19,5 16,4 3.0 10,0

hrown | good, 8 H.

Remarks: Best firing range: 05-12. Cone fusion: 32-33.
Class of ware: Refractories, but add nonplastic material. Buff-colored
structural wares: terra cotta; buff-colored pottery.

These Deadman Creek clays are ideally situated for ease of
mining, having all the advantages of a side-hill location and small
amount of over-burden, but the transportation at present must
be over 5 miles of ordinary country roads to rail connections.

Indications of an underlying body of light-colored clay are
plentiful along the road running north through the center of
secs. 27 and 22, (27-44 E). This particular location is nearly at
the crest of one of the flat-topped hills, where a thin flow of ba-
salt, since decomposed, reached at one time. A well was put
down here through 10 feet of surface material and brown Palouse
clay and was continued through from 15 to 20 feet of nearly
white sand; below this was 5 feet of similar sand, though stained
yellow, lying on bedrock.

Sample No. 127 was taken of this very light-gray, nearly
white, loosely consolidated clayey sand. Lumps have a texture
much like that of a medium grained sandstone, but, when pressed
between the fingers, disintegrate readily, and the kaolin present
whitens the fingers as does chalk. The material is probably a
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residual product and is composed of angular grains of quartz,
practically unaltered feldspar, and much muscovite. There is
enough clay substance from the kaolinization of part of the
feldspar to form a weak bond for the granular material. The
only other clay known to resemble this is the finer portion from
the pit at Freeman where the Washington Brick, Lime & Sewer
Pipe Co. obtain part of their fire-clay body. The distance from a
railroad and the unknown extent of the deposit detracts from a
possible value.

Plastic and dry properties Sample No. 127

PIAACIS o R T e e D Good Volume shrinkage ....... 11.2% dry volume
Shrinkage water .......cicavaiasiie, 6.2% Linear shrinkage ........ 3.9% dry length
3 5Tu T R 3 e P AT T YA 16.4% Dry condition .......... Moderate strength
Water of plasticity ........ccccovevee 22.6%

Fired properties Sample No. 127

1
Cong Color Condition | .5, NI ‘I L h'-;,rll V. H‘,fdv Abs. A.Por.
| |

03 | Lt. cream Weak, soft | 0.1 | 4.0 0.3 2.5 4.3

1 | Lt. eream Weank, =oft 0.7 4.0 2.2 0.4 35.8

4% ]l ereanm Weak, soft 1.3 [ 5.2 | 3.9 17.2 | 0.9
{7 . gray Weak, soft 2.0 5.9 5.8 163 | %8

10 | \1 sy white Bootl; BT | ot e iy wes s o s s R Rl s 53 I R e
12¢| Near white | Good, S.H. - | 1.2 5.1 11,9 7.7 15.2

Remarks: Best firing range: 10 18 Cone fusion: 28+. At all cones,
sandy, granular.

Class of ware: No. 2 siliceous refractory. Wash out sand for stronger
buff-colored wares.

About a quarter of a mile south of the deposit just mentioned
is exposed a very plastic light-gray clay in material removed
from an old well. Surface clay was so mixed with this that a
sample was not taken, but the occurrence is interesting as an in-
dication of the extent of the underlying body of clay in this
region.

Gray lacustrine clays, probably of the Latah formation, are
exposed in a road cut northeast of Chattaroy, in the NW cor. sec.
28, (28-44 E). A face 8 feet high at its maximum point and 75
feet long indicates a probably extensive body of this clay and one
which is overlain by only a slight thickness of soil and ob]ec-
tionable material. The stratification is horizontal and massive,
and, except for being yellow stained at the base, the whole ex-
posure is very uniform. This deposit is similar in origin and
occurrence to the Deadman Creek clays and doubtless was
formed in the same body of water. It lies in the valley of Deep
Creek, and is a remnant that has been left well up on the valley
side by the stream erosion of a once widespread series of beds.

Sample No. 128 of this clay is medium gray in color and
darker when damp. It is sandy, but the texture is very fine and
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uniform. When dry, the lumps are soft and crush easily between
the fingers to a velvety, siltlike powder.

Remarks: When tempered with 30.7 percent water, a good plastic
strength is developed. Buff and brown colors are obtained when fired be-
tween cones 04 and 8. The deformation point is cone 14. Nonplastic material
must be added to reduce the shrinkage.

Fwe Mile Prairie district.—Well-bedded clays of the Latah
formation underlie the basalt capping of Five Mile Prairie and
are exposed in the side slopes at a few places. Dark-firing shaly
phases, from near Little Spokane River, are mentioned on
page 272; a better quality of clay occurs on the opposite side
of the area on the John Reshoft property, in the NW1j sec. 26,
(26-42 E). This material crops out in a ravine a short distance
above the road and is very light gray in color—more nearly
white than the usual Latah clay. The texture is fine and uni-

form, and, as in the Sommer clay, grit can be detected only be-
tween the teeth. Nevertheless, the material is silty and very
moderately compact, so that dry lumps readily disintegrate to a
smooth white impalpable powder between the fingers. Leaf im-
prints are particularly abundant in this clay.

Preliminary tests show good plasticity and 8 percent dry
linear shrinkage. At cone 04 it has 10 percent additional shrink-
age and develops a steel-hard, strong body of low porosity and
buff color. The large amount of this clay that is apparently
available on the slopes, the scant overburden there (2 to 8 feet),
and the accessibility warrant more complete prospecting and
testing.

Milan district.—An interesting and possibly valuable deposit
of clay has been exposed by a small landslide one-half mile south-
east of Milan. This occurrence is in the north center of sec. 2,
(28-43 E), on the west side of the Little Spokane River. It is
ideally situated for working, as it lies practically on a railroad
and has a hillside exposure. Similar clay is reported to under-
lie the town of Milan, and from general indications a large
amount is available in this vicinity. A hill rises with moderate
slope for 150 feet on the west side of the valley, and at higher
levels there are outcrops of basalt. Since the deposition of the
clay, a great accumulation of boulders and glacial debris has
been deposited throughout this region; it is such material that
would constitute the overburden of the clay and might render
mining expensive. However, where sampled, the deposit car-
ried only a thin mantle of soil, so favorable locations might be
found if a little prospecting were done.

Sample No. 130-A was taken from the bottom member of the
exposure, which, in all, is about 30 feet long and 25 feet high on
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a 30" slope. Itisa dark bluish-gray clay that is residual or pos-
sibly colluvial in origin, derived from granitic rock. The ma-
terial is considerably jointed, and iron-bearing solutions have
worked into these cracks, staining some of the clay. The large
content of angular quartz grains, ranging from 1 to 5 mm., makes
the clay very gritty and harsh. The clay substance, when damp,
is smooth, plastic, and unusually tough. The dried lumps are
light bluish gray and are very compact. It is slightly darker in
color but otherwise is very similar in appearance to clay from
Mica (see sample No. 94).

Plastic and dry properties Sample No. 130-A

A Lo A ¥ et SRR O . B e Good Volume shrinkage .......14.4% dry volume
Shrinkage water ...........c.coivenesas T8% Linear shrinkage ........ 5.1% dry length
FOFE WEEAT! o i iniia oo Mieii wroiiin sl ss ains 16.3% Dry condition ...........Good

Water of plasticity .......cicicavanes 24.1%

Fired properties Sample No. 130-A

Cone | Color Condition LS9l T.LSd) V.8Suly. Abs. A.Por,
06 | Light bufr B e e vy < v wikA et 7.7 = obir . | iy i W PR [lo o vras iveind
¢2-01 | Light buft Soft 1.2 6.5 1.6 20,2 35.0
34" Light buft Soft 1.6 8.7 13.1 16.2 20.9
6 | Light buf Soft 4.0 10,0 14.0 4.7 28.2
10 | Light buff Hard 0.5 11.9 1.0 11.2 22.8
12 | Light buff Hard 8.0 13.1 2.0 .0 16.7

Remarks: Best firing range: 10-15. Cone fusion: 28+, Quartz cracks
throughout.

Class of ware: No. 2 refractory. Grind or remove guartz and decrease
the firing temperature for buff-colored structural wares.

The upper clays in this deposit are poorly exposed but are
apparently of sedimentary origin. All but the top member ap-
pear to be dark colored, either yellow or brown, and resemble
the soft, sandy clay-shales of the Latah formation.

Sample No. 130-B was taken of the top bed, which may be
only a foot or so in thickness. It is a soft, sticky, plastic clay,
very fine and even grained and of a slightly yellowish light-gray
color. The small content of sand is finely divided so the clay
is smooth in texture. As the bed lies just under the top soil it has
been considerably stained by iron-bearing solutions and dis-
turbed by plant roots. A detrimental feature is the close prox-
imity of a coarse siliceous sand which would make a clean sep-
aration of the light-colored clay difficult. Further prospecting
might prove a workable quantity of this clay to be available;
certainly the indications and the results of laboratory tests war-
rant some exploration.
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Plastic and dry properties Sample No. 130-B

PIASHIOIY | et Vi ee s e s Good Volume shrinkage .......31.1% dry volume
Shiinkage Water: ..c.usuessessevesies 17.2%  Linear shrinkage ........11.7% dry length
POLe WHTOT i iRt S s 16.6%  Linear shrinkage ........ 7.0% wet length
Water of plasticity .........c.ccivnees 33.8% Dry condition ........... Good

Fired properties Sample No. 130-B

Cone Color | (Condition L.5.9%d.1. .'I‘._I..S.%fl.l.! V.8.90.v. Abs, A.Por,
ETa A = = T - al
06 Cream ool BHY ) | [aesssidiae R 15.8 30.0
1 Cream Good, S.H. 8.2 19.9 » 9 :‘.ﬂ 15.4
G | Light buff Good, 8.H. 10,9 2.4 9.2 5.1 11!
15 | Llght gray Good, vitreous, 12.3 24.0 32.4 1.5 3.5
and brown S.H.

Remarks: Best firing range: 08-15. Cone fusion: 31-32. Needs non-
plastic material to reduce shrinkage.

Class of ware: Refractories; buff-colored structural wares; terra cotta;
and buff-colored pottery.

Deer Park district.—Nearly white clays underlie part, at
least, of a low rolling plain many square miles in area in the
vicinity of Deer Park. The clays appear to be about con-
temporaneous with the Miocene basalt, hence are doubtless cor-
relatives of the Latah formation. They represent the decomposi-
tion and erosion of the Loon Lake granite and the deposition of
sediments in lakes or ponds where there was very little admix-
ture of detritus tending to impair the purity of the kaolin. The
beds are concealed by a variable overburden of soil, glacial and
Palouse clays, and gravels, but their extension is indicated by
the physiographic relations and by well logs. They have been
developed in only one place in Spokane County, at the Conner
pit, though worked extensively nearby in Stevens County.

The S. M. Conner clay pit is about 5 miles from Clayton in the
NEV4NE1j sec. 4, (29-42 E). It lies in a region of low relief just
a short distance south of hills of granite and metamorphic rock.
The pit measures about 75 feet by 125 feet and has been ex-
cavated to a depth of about 17 feet. An overburden 3 to 7 feet
thick is stripped back from the working face. This surface man-
tle, probably glacial, consists of loam with various-sized pebbles
and cobbles; it overlies a coarse reddish-yellow clayey sand filled
with water-worn pebbles and larger rocks. Between the over-
burden and the clay is a nearly continuous layer of bog iron
about 4 inches in thickness, which carries unusual hollow spher-
ical concretions of harder limonite containing a fine blue or yel-
low sand. Beneath the overburden are thick-bedded horizontal
strata of light-gray and nearly white plastic clays. These have
been shown by boring to extend to a depth of 30 feet, where the
auger was stopped by hard material that was probably a layer of
limonite. To allow for drainage, only the upper 12 feet has been
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used but this is, with slight exception, very high-grade material.

In mining, there were encountered a pocket of rather carbon-
aceous dark-gray clay and a lenticular bed of clayey sand, about
a foot thick but of small areal extent. The nonuniformity of
strata is characteristic. Some phases are smooth and unctuous,
others are very fine grained but gritty, and necessarily the
alumina and silica content in different parts shows corresponding
divergence. As a large quantity is available of any of these
varieties, this feature is hardly a detriment and may possibly
increase the adaptability of the deposit, providing care is used
in mining.

The pit has not been operated since 1927; formerly the Wash-
ington Brick, Lime & Sewer Pipe Co., at Clayton, was the largest
user of this clay. It was mined by pick and shovel and then
hauled by truck to the plant, where it was employed as the main
constituent of their terra cotta body. The lower white clay
makes a very good stoneware body and was being used in in-
creasingly large amounts by the Inland Empire Pottery Co. when
they were operating.

Sample No. 135, taken from the working face of the pit, is a
very light gray soft, plastic clay. When dry it is nearly pure
white and is softer and less brittle than some other clays of this
region. It is gritty from very finely divided quartz grains and
contains considerable muscovite.

Plastic and dry properties Sample No. 135

Plastieity iicaciimmsiie i Good  Volume shrinkage ....... 23.2% dry volume
Shrinkage water .......ucesivvevenes 12.9% Linear shrinkage ... . 8.4% dry length
PORRINETEL ¥ ewan s ince s s e scadssaaanis 15.6%  Linear shrinkage ........ 7.09, wet length
Water of plasticlty . ..... i diidsees 28.5%. Dry condition .........-: Good

Fired properties Sample No. 135

Cone Color Condition L.8.gud), [T.L.8.%dA.) V.8.9d.y., Abs. A Por.
7 | Cream Weak, =oft 0.1 8. 0.4 19.8 a22.4
4* Light buff Good, hard | 0.0 5.4 0 R T e e e p e e
2 | Light buft Good, hard | 1.8 9.7 8.8 17.0 20.0
3 | Buft Good, 8.H. - 2.9 11.3 B4 11.8 2T
12*| Light gray Good, S.H. =06 17.0 256 1.9 4.3
15 | Light gray CIReORE, 2008, [laoverrsmmiy]irsbee dinair s | 4e feaen e v 0.1 0.2

| S.H.

Remarks: Best firing range: 02-15. Cone fusion: 29-30.

Class of ware: No. 2 siliceous clay refractory. This sample would need
a little more nonplastic material in order for it to be used alone for buff-
colored structural wares. Terra cotta and buff-colored pottery if washed or
ground fine,

Plants manufacturing stoneware and pottery have operated
at various times in the Spokane region and have been successful
in producing a good grade of ware from the local clays. That
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eventually they have all closed has been due to financial and
other reasons, chief of which was probably lack of adequate mar-
ket, but not to unsuitability of clays. One of the most recent
large-scale operations was the Inland Empire Stoneware Co. of
Hillyard. That concern utilized Palouse clay from Freeman for
flower pots up to 6 inches in diameter; yellow plastic clay from
the A. B. pit (Stevens County), mixed with some Palouse clay,
for the larger flower pots; and white clay from the Conner pit
(Spokane County) for stoneware and yellow earthenware.
These clays cost, laid down at the plant, approximately $4.00 per
ton. The yearly output, during the best years of operation, was
about 100 carloads of stoneware and 25 carloads of flower pots,
shipped throughout the Pacific Northwest.

Sample No. 133-A was taken of the ground material that was
used for flower pots at this plant. It is a mixture of yellow clay
from the A. B. pit in Stevens County and of Palouse clay from
Freeman.

Plastic and dry properties Sample No. 133-A

ST G b R AR e A AR s e Good Volume shrinkage .......32.1% dry volume
Shrinkage Water .....ideeesessdioiss 17.5%  Linear shrinkage ........12.1% dry length
Bore - wWalert Gl U ot ab e e e ) 13.69 Dry condition ........... Strong

Water of plasticity . .ccoovrverensnnes 31.1%

Fired properties Sample No. 133-A

Cone Color ! Condition L.8.%d.1. 'I‘,l,,!-i,%il.l.l V.S.5%d.v. Abs. APor,
06 Lt. brown-red | Good, hard L | 14.8 7.9 13.0 | 14.8
2 Bright S.H. 4.0 | 17.1 4.4 9.2 | 18.8

hrown-red i |
01 Bright S.H. 6.2 15.8 17.5 1 | 14.6
hrown-red |
* Bright 5.H. T 19.5 20,6 5.4 11.8
brown-red |
6 Dk. brown-red | S.H 7.0 0.0 21.8 3.2 72

................. ll!-m!‘})' fused

Remarks: Best firing range: 06-8. Cone fusion: 14.

Class of ware: High shrinkage for auger-machine work and structural
wares. Used for flower pots.

DARK-FIRING LATAH CLAYS

Dark-firing clays and shales are, of course, abundant in the
Spokane region, for those of the Latah formation are predomi-
nantly of this class, and the Palouse and glacial clays all belong
here. The Latah beds formerly covered much of the area up to
an elevation of about 2,100 feet. After deposition, the beds were
covered by flows of basalt and in many places were cut and in-
truded by dikes and sills of that rock. Erosion, both before and
after the coming of the basalt, has removed a great amount of
these soft deposits, so exposures are mostly confined to hillsides
below a protecting capping of basalt or where erosion has
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stripped off the cover and has had insufficient time to remove the
sediments.

In the Spokane vicinity the Latah beds were laid down in
lakes and ponds on the old surface of granitic and metamorphic
rock; it is doubtful if the strata were interbedded with contem-
poraneous basalt flows, though that is the usual occurrence in ex-
tensions of the formation outside of this immediate area ®. The
detrital material, if not actually derived from the basalt, was in
all but a few places so impregnated with mineral solutions from
the basalt or, possibly, mixed with wind-borne volcanic ash, that
the beds are relatively high in iron oxide and other impurities
detrimental to most ceramic uses.

The sediments are mostly gray or buff-colored clays or silty
clays; some sands occur, but gravels are uncommon. Individual
members are commonly uniform in composition and texture and
may form thick beds. Cross-bedding is comparatively rare. The
stratification is very distinct in most exposures, and leaf impres-
sions are abundant on bedding planes. In some places sufficient
vegetal matter is present to make the clays carbonaceous or even
to form thin coaly seams. Some clays of this formation are soft
and plastic and the associated silts and sands are not compact.
but far more commonly the sediments are somewhat indurated
and so are classed as shales, sandy shales, and soft clayey sand-
stones. The most shaly character is developed where the beds
have been intruded by basalt, or tilted.

DISTRICTS

The dark-firing Latah clays are described for convenience
under the following district headings: West Spokane, Shelley
Lake, Five Mile Prairie, Buckeye, and Chattaroy-Milan. These
general localities contain accessible and characteristic exposures.

West Spokane district.—The shales are excellently exposed in
the southwest part of Spokane on the west side of Latah (Hang-
man) Creek. Railroad cuts through the series in several places
from one-eighth to one-fourth mile in length expose the beds to a
depth of as much as 25 feet and show their relations to the basalt.
The bedding is rather massive but is thin in places, and all the
material is greatly jointed. The more massive portions separate
into large blocks which fall to the bottom of the cuts and finally
disintegrate to plastic clay. A cut of the Seattle, Portland &
Spokane Railway in the SW cor. sec. 24, (25-42 E) shows 25 feet
of laminated gray shale with an included lens-shaped mass of
friable yellow sandstone that is 50 feet long and 3 feet thick. At

i) Kirkham, V. R. D., and Johnson, M. M., The Latah formation in Idaho: Jour,
Geology vol. 37, no. 5, pp. 483-504, 1929.
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the north end of the cut the shale is underlain by a loose green-
ish-gray sandstone. This member is separated from the shale by
a 1-inch layer of coaly matter, marking an undulatory erosional
surface. Cutting the beds is a large basalt dike, which locally
conforms to the horizontal bedding and tapers out between the
layers as a thin sill. The adjacent shale is blackened and baked
for as much as 8 inches from the contact, but in general shows no
effects beyond that distance.

Sample No. 125-A was taken of shale from near the center of
the above cut. It is bluish gray in color and very fine grained and
uniform in texture. The moist shale when cut by a knife shows
a surface with high sheen, but ‘some sand of very fine grain is
present. Microscopic examination shows that minute grains of
quartz and a few poorly preserved diatoms form the chief gritty
constituents.

Plastic and dry properties Sample No. 125-A

Plagticily s S e e sk e iate Good  Volume shrinkage ....... 28.6% dry volume
Shrinkage water ............oeo0000s 33.1%  Linear shrinkage ........ 10.7% dry length
O R BT Ly L s e s el aies 204%  Dry condition ........... Good

Water of plasticity ...........c.v0uun 53.5%

Fired properties Sample No. 125-A

Cone Color Condition L.8.gpd.). T L.8.%d4.) V.8.9%d.v. Abs, A.Por.
08 | Buff-brown Weak, soft 3.3 14.0 0.4 2.1 5.3
6 | Brown Good, hard 10.4 21.1 25,0 6.6 41.=
04 | Red-brown Good, hard 13.8 2.5 35.8 18.1 21.0
1*| Dk, red-brown | Good, S.H., 14.7 25.4 87.9 12.2 23.2

44 | Dk, red-brown | Good, S.H, 10.2 26,9 41.1 .4 18.4
G | Red-brown Good, S.H. 20.7 31.4 50.1 1.7 4.0
and bhlack
15 | Dk:" red-brown )| Surface: fugeds | | i i ssssiasaae [ siseeies e ¢t el L el O S
slight deforma-
tion, S.H.

Remarks: Best firing range: 06-6. Cone fusion: 12. High shrinkage:
too much plastic material; good firing range; a little scum at cones 06, 04, 1%,
3-4.

Class of ware: Red and brown structural wares.
Sample No. 125-B was from a sandier phase of the same shale
at the north end of the cut. It has the same color but a slightly

harsh feel from the higher sand content. It is very fine grained
and uniform.

Plastic and dry properties Sample No. 125-B

b gt A R U R A e S Good  Voelume shrinkage ....... 28.6% dry volume
Shrinkage water ............cooonnnn. 20.4% Linear shrinkage ........ 10.7% dry length
POTE WATRT s v v vvsi0 mainss's aie maa i s 23.3% Dry condition ........... Good

Watey-of ‘plastioity: (L . o s 43.7%
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Fired properties Sample No. 125-B

| |
Cone|  Color ‘ Condition | LSSl T.LSS%dL VSJdy,  Abs. A.Por.
{
| |
(8 | Buff-brown Weak, soft 1.4 5.6 3.4 46.6
(6 | Brown Good, hard .0 17.0 22.7 36.2
™ | Brown-red Good, S.H. 12.3 32.5 22.0 3.4
01 | Bright Good, S.H. 13.1 M4 14.7 NI
red-hrown
S DR FDEOWIBTEH | £ ccsama ok a sty ain au | whabiaw s meilisaid sad vowa's faisnsalnsisnion 5.7 12.(
6 | Red-brown | Good, S.H. 1i5.8 2.5 40.2 0.0 0.0
and black

Remarks: Best firing range: 06-6. Cone fusion: 12. High shrinkage; a
little scum at cones 06, 04, 01, and 3-4.

A continuation of these beds is exposed in another cut about
a quarter of a mile to the south. Here, sandy thin-bedded gray
shales and clayey sands show for about 300 yards to a height of
18 feet. The material is uniform in texture and has no very
coarse phases. A few thin iron-stained layers occur, but the
usual color is either a light or dark gray. Bedding is prominent
and is made wavy to contorted by intrusions of irregularly
shaped masses of basalt occurring both as dikes and sills, mostly
only a few feet in thickness, and some as little as 3 inches.

PraTE 12

BASALT INTRUSION IN LATAH SHALES JUST WEST OF SPOKANE.

The camera case is near the base, as exposed, of a dike; thin sills extend across the view
to the left from the base and top of the dike. The shale is a part of the series
sampled as Nos. 125-A, -B.
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Heat, frost, plant roots, and surface water have all played a
part in disintegrating the upper portion of these shales and
changing them to plastic brownish-yellow clay. Such alteration
is everywhere shallow, but when a large area is involved an im-
mense tonnage of clay is available. This material is being used
by one yard for common brick; and formerly a second plant, also,
was located in this immediate vicinity.

Sample No. 714 is of a general mixture of such surface clay,
after grinding, used at the Pioneer yard.

Plastic and dry properties Sample No, 714

153 1] ey R e ARk A LAY Good Volume shrinkage .......15.2% dry volume
Shrinkage WAaler ..u.uesaensisensssas 8.3% Linear shrinkage ........ 5.4% dry length
PorerWATER AL Secd Tt ol e 17.0%  Linear shrinkage ........ 3.0% wet length
Water of plasticity .................. 25.39

Fired properties Sample No. 714

Cone Color Condition L.S.9%d.] |T.L.8.%d.). V.5.9d.v. Abs, A.Por.
(s Lt. red-brown | Weak, soft 0.2 5.2 0.7 9.2 %.90
7 Red-brown Weak, soft 0.7 6,1 1.9 16.0 3.4
04*  Dk. brown. | Vitreous surface, 5.1 10.5 .5 T4 15.1

rod good, S.H.
01 Dk, red-brown | Vitreous surface, 7.5 12.9 0.8 6.0 13.3
good, S H.
2 | Dk, red-brown | Vitreous, good, 8.7 14.1 28.8 3.3 T4
S.H.
fi = Red-brown Vitreous, fusion Tl 13.1 21.4 0.4 0.9
and black started, S.H.

Remarks: Best firing range: 06-2. Cone fusion: 6-7.

Class of ware: Used for common brick. Very good color for brown-red
face brick. :

The Pioneer Brick Co. is located at 29th Avenue on the old
Medical Lake Road, Spokane. The pit, about 100 yards in diam-
eter and very shallow, is worked by plowing the disintegrated
surface shale and wheeling it in a scraper to the plant. Owing
to the extreme plasticity of the clay, loose sand from adjacent de-
posits is added. The mixture is ground in a 5-foot dry-pan, ele-
vated to an 8- to 10-mesh screen, and dropped into a combination
pug mill and auger machine equipped with a 10-brick rotary
hand-cutter. Drying is on pallets in sheltered racks in the open
air and requires about 2 weeks. The ware is fired in scove kilns.
Common and rough-textured brick are made, the output being
about 800,000 per year.

The shales are well exposed west of Spokane in a bank along
the Rim Rock Drive just north of Highway No. 10. They show
for 100 feet to a height of 10 feet and are closely associated with
basalt. There is a large amount of the material available, but it
is not so advantageously located as are the beds along the rail-
road. The deposit is rather massive but well stratified. It is
composed, for the most part, of a soft gray shale that weathers
to a very light color, but below a separating 1-inch limonite layer
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it has a greenish hue. Leaf impressions are plentiful on the bed-

ding planes. The texture of the whole is fairly uniform except
for one or two 2-inch sand layers.

Sample No. 125 is light gray and rather sandy. It is not quite
as fine-grained as sample No. 125-B but is lighter in color. A few
diatoms are scattered throughout as in sample No. 125-A.

Remarks: When tempered with 38.8 percent water, a moderate plastic
strength is developed. The firing shrinkage is high in the best range, cones
02 and 2. Nonplastic material should be added for red and brown structural
wares. Cone fusion is 7.

Shelley Lake district.—About 9 miles east of Spokane, in the
center of sec. 19, (25-45 E), extensive beds of soft, silty shale
crop out on the south side of the Spokane Valley a short distance
above the valley floor. Basalt forms a low bench at the foot of
the hill, and above this is sedimentary material, totaling prob-
ably 50 feet in thickness. This, in turn, is capped with other
basalt, and it is this capping which has protected the soft beds
from erosion and removal. Shale is well exposed in a short pros-
pect tunnel and in a trench higher up the hillside. It closely
resembles that occurring in the railroad cuts southwest of
Spokane and particularly that sampled as No. 125-A.

Sample No. 105 was taken in the prospect hole. The inside
of lumps are gray in color, but a brown stain of iron oxide has
worked well toward the center from all old surfaces and frac-
tures. The material is very compact and brittle but still is easily
cut by a knife. The texture is fine and uniform; sand is present
in fine grains but not in sufficient quantity to prevent the moist
shale from showing a decided sheen when cut. A few tests of
diatoms were noted in a sample examined under the microscope.

Plastic and dry properties Sample No. 105

BISHEEY L s e s e R W Good  Volume shrinkage ....... 69.0% dry volume

Shrinkage water .........ccccwisesens 374%  Linear shrinkage ,....... 28.2% dry length

PODE WRLET. Srl i e s n s peae s 14.3%  Linear shrinkage ........ 13.47%. wet length

Water of plasticity .....i::ossedanie 51.7¢% Dry condition ....Cracked badly. Lamina-
tion cracks from auger
machine

Fired properties Sample No. 105

Cone Color Condition | L 5 %li I |T.L.B.9%d.].| V.8.5%d.v. Abhs. A Por.
n]i) Brown-red Cracking, hard 33.5 19 % 15.7 20.3
07 | Brown-red Cracking, 8 H. .2 17.0 9.8 18.5
M | Speckled Cracking, S.H. 'J ‘3 5.0 26.5 2.9 6.2
brown-red
02 | Speckled Cracking, SH. | 10.4 8.8 25.0 1.9 | 4.3
hrown-red | |
fi | Speckled Cracking, 8 H. 12.9 41.1 .0 1.0 2.2
hrown-red
10 Dark brown Bady eTACER 5 s g i v d stk e phib e dm b aina T (A
no fusion., S.H,

Remarks: Best firing range: 08-8. Cone fusion: 16. Too much plastic
material.

Class of ware: Can not use alone, without treatement; add nonplastics
for red and brown structural wares.
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A continuation of these horizontal beds and the underlying
basalt is exposed on the west side of the same hill in the SE1/
sec. 24, (25-44 E). This is three-quarters of a mile from the first
location, and in that distance the shale has become very carbon-
aceous, nearly black in color, and contains numerous leaf im-
prints. In the expectation of finding coal, a tunnel has been
driven several hundred feet into the bed. The opening shows
that the underlying basalt is a sill intruded into the formation
and not pre-Latah in age. From these fresh exposures it appears
that the shaly lamination is a characteristic of the 15-foot sur-
ficial zone only and is probably induced by weathering processes,
and that complete weathering produces structureless clay. Be-
yond the shaly zone the beds are massive mudstones. Still far-
ther underground a blocky jointing becomes noticeable; this re-
sults in a rude columnar structure normal to the bedding, which,
though apparent 10 feet above the contact, still may be due to
heat effects from the intrusive basalt. Joints near the surface
are coated with limonite; underground this is in its original con-
dition, a paper-thin coating of brittle ankerite. The exposed
beds are compacted and moderately hard and brittle. Included
are: a smooth carbonaceous mudstone, low in sand, which when
damp cuts like black wax; similar very dark-gray beds contain-
ing considerable sand and occasional diatom tests; partings of
gray sandstone a fraction of an inch thick; and at least one bed,
2 feet or so thick, of light-gray unaltered, only slightly con-
solidated pumicite.

Tests on the unusual-appearing 5-foot bed of black waxlike
mudstone showed it to be similar to sample No. 105 in having
high shrinkage, a reddish-brown fired color, and no particular
value.

Five Mile Prairie district.—Shales of the Latah formation un-
derlie the basalt capping of Five Mile Prairie, north of Spokane.
At least some parts of the series here are light firing—these are
mentioned on page 262; others, as on the north side of the hill,
are dark firing. Samples were taken near the Spokane Country
Club from a 20-foot well on the E. R. Peterson farm in the
SW14SW1 sec. 7, (26-43 E). Under only a little soil overburden,
a horizontally bedded gray shale was encountered, underlain by
a bed of black micaceous silty material. It is interesting to note
that in tests made by W. T. Nightingale, then of the Washington
Geological Survey, this lower stratum produced 11 gallons of
shale-oil to the ton. This is the highest content of oil of any of
the many Washington shales tested, although far from being a
commercial quantity.
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Sample No. 121, of the upper shale is bluish gray in color and
has a medium-fine uniform texture. It contains considerable
finely divided muscovite and angular grains of quartz. Well-
preserved tests of diatoms of several varieties are present, and
leaf impressions are numerous on bedding planes.

Remarks: The plastic material is excessive in this sample, causing too
great shrinkage. The best firing range is between cones 05 and 3, and here
a red and brown-colored body is produced. The mass fuses at cone 6-7. It
should not be used alone for commercial ware.

Sample No. 121-A is of a plastic clay, probably not of the
Latah formation, found also on the Peterson place. The clay is
greenish gray in color, soft and. plastic, but very nonuniform in
texture. It is derived from the decomposition of granite and
carries considerable quartz and enough mica to give the clay the
smooth feel of talc.

Plastic and dry properties Sample No. 121-A

1 A1 AT R R, S Ty, I S Good Volume shrinkage ....... 30.0% dry volume
Shrinkage water ...........cccecvvuns 16.7% Linear shrinkage ........11.2% dry length
oS WREEES s tin oie e CE N s s e 16.1% Linear shrinkage ........ 7.2% wet length
Water of plasticity ...........cc00ues 328% Dry condition ........... Good

Fired properties Sample No. 121-A

Cone Color ll Condition L 8.9%d]. [T.L.8.%d1 V.89d.v. Abs. A.Por.
=  HBrown-buff Giood, hard 1.5 12.7 A5 35.5
02 | Buff-brown Seum, good, 1.5 14.7 10.0 15.5 28,6

hard

Remarks: Best firing range: 06-8. Cone fusion: 23-26.
Class of ware: Brown structural wares.

Buckeye district.—Latah shales are exposed over a consider-
able area in the vicinity of Buckeye. On the west line of the
NW1 sec. 16, (27-43 E), a road cut about 30 feet long and 10 feet
high has been made through the sedimentary beds. This location
is well above the valley floor and about three-quarters of a mile
west of the Little Spokane River and the railroad. Some of these
shales are fine, even-grained, and of light gray color; others are
sandy and much stained by iron oxide. The stratification is dis-
tinet, the bedding planes being marked by many leaf impressions.
A strike of S. 40° W. and a dip of 20° NW., apparent here, is prob-
ably due to land slide.

Sample No. 122 is yellowish gray and medium fine grained.
It is sandy and poorly consolidated for a shale but is not very
different from other deposits of the series where unaffected by
igneous intrusions. Diatom tests are present in abundance.

Remarks: When tempered with 40 percent water, a good plastic strength
is produced. When fired between cones 4 and 8, red and brown colors
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result. For commercial ware it will be necessary to reduce the shrinking
and tendency to crack by the addition of nonplastic material. The clay
deforms at cone 15.

Chattaroy-Milan district—A mantle of glacial gravel makes
prospecting difficult in the low, rolling region just east of Deer
Park where clays or shales are exposed in but few places. Two
miles southwest of Milan along Bear Creek is a ridge composed
mostly of brown, yellow, and gray sandy shales. In grading a
county road, the series has been exposed for a considerable dis-
tance in the E1% sec. 10, (28-43 E). The material is thin-bedded
and lies practically horizontal. The texture is nonuniform but
not very coarse. A well in this region is said to have been dug
through 66 feet of these poorly consolidated shales; the whole
distance showed only slight variations in material, but the color
varied with the content of iron and its state of oxidation.

Sample No. 131 is slightly yellowish gray in color, but some

parts are stained to a reddish brown. It is sandy, medium fine
grained, and fairly uniform in texture.

Plastic and dry properties Sample No. 131

PIagtIbY | oo e pom e A Good Volume shrinkage ....... 54.6% dry volume
Shrinkage WAter ... ewsaius meaanee 26.99; Linear shrinkage ........ 22.3% dry length
Pore WRLEE) o e s it e R e o e 10,67, Dry condition .......... Good dry strength
Water of plasticity ....icoiiiiiaiiins 37.5%

Fired properties Sample No. 131

Cone Color Condition

L8864 ML.S.%d 1] V.8 d.v. Abs, A Por.
(s | Lt red-brown | Weak, soft 0.0 22.3 0.0 2.6 33.0
o | Red-brown Good, hard 2.0 24,3 5.0 18.9 3.0
08| Lt red-brown | Hard = = liiieaaasades A e | oy 17.6 31.2
02-01 | Lt. red-brown | Hard W A e e i aasave R e ey e ot
44% Red-brown S H. il 29.5 0.0 7.8 16.1

Remarks: Best firing range: 06-7. Cone fusion: 15. Some cracking at
cones 08, 06, 03, and 02-01. High dry shrinkage.

Class of ware: Needs more nonplastic material for red and brown
struciural wares.

South of Milan 214 miles, near the center of the north line of
sec. 13, (28-43 E), a road is graded for nearly a quarter of a mile
through leaf-bearing horizontally bedded Latah clays. These
occur about 2,100 feet above sealevel, within the elevation range
of the clays of Deadman Creek, Deep Creek, and many other
places. The Little Spokane River has cut deeply into the series,
the road-side outcrops being 400 feet above the river, while simi-
lar-appearing clays show in the bank by the water’s edge.

One road cut 40 feet long and 10 feet high exposes a rather
thin-bedded light-gray sandy clay, very firm and uniform in tex-
ture, that is almost identical with that occurring northeast of
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Chattaroy and sampled as No. 128. Interbedded with this, how-
ever, is pinkish-buff clay that contains a high percentage of
diatomaceous earth. Such material is very unusual in this part
of the State, though common enough in some counties. (See de-
tails of one diatomite deposit of Kittitas County, p. 165.) Occa-
sional diatom tests have been noted in the microscopical ex-
amination of samples from many exposures of the Latah forma-
tion; an impure diatomite was encountered in a well at Mica @;
but the material occurs in this outerop in large quantity; and a
purer, nearly white bed, said to have been uncovered at one time
on the hillside to the east, has been used locally for silver polish.
It indicates the localized sedimentation that accounts for the
peculiar, or unusual, physical properties of the Latah beds in cer-
tain areas.

Sample No. 130 is a general one, taken from various places in
the large exposure. As the bedding is rather thin and partly
concealed by slides, no attempt was made to separate the clays,
but it might be found by a little prospecting that either of the two
principal kinds of clay could be mined singly. The textures of
each are similar, and they have about the same amount of clay
substance—the fine sand of one being about equal to the diato-
maceous material in the other. The noticeably low specific
gravity is due to the presence of the diatoms.

Plastic and dry properties Sample No. 130

PIGSHICHE- | & s e amv e w b e Good Volume shrinkage ....... 28.2% dry volume
Shrinitage water .....iiesersprocnves 18.7% Linear shrinkage ....,... 10.5% dry length
POre Walll: ..o onanntesiora e svrane s 26.8% Linear shrinkage ........ 5.5% wet length
Water of plasticity .....ccovvvannansn 45.5% Dry condition’ ........... Good

Fired properties Sample No. 130

Conie Calor Condition l S.964.1, I I SS90, \ B0 l Y. Abs, A.Por.
05 | Buff-trown Goml, hard 5.9 4.4 11.2 21.3 .2
04 | Red-brown Good, S.H. 166 20.2
3 | Red-brown o s s e ) Bl Il e e el | B T 8.0 17.4

w2 el v T BT T R T B R ([ SRR e A RS e 0.5 1.2

Remarks: Best firing range: 06-6. Cone fusion: 11. Shrinkage too
high.

Class of ware: Add nonplastic material for red and brown structural
wares.

Northwest of Milan about 2 miles, in the NE'/ sec. 27, (29-43
E), is a road cut 40 feet long that has exposed the shales to a
depth of 5 feet. They are overlain by 4 feet or so of unassorted
glacial gravels, soil, sand, and boulders up to 3 feet in diameter.

1) Pardee, J. T., and Bryan, Kirk, Geology of the Latah formation in relation to
the lavas of the Columbm plateau near Spokane, Washington: U, S. Geol. Survey
Prof. Paper 140-A, p. 926.
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The deposit is very unevenly colored and much jointed and
broken, but the indications are that, with depth, the clayey
weathered material will grade into shales similar to those in the

region to the south.

Sample No. 128-A, from this deposit, is buff to reddish buff in
color, but the interior of lumps that have not been reached by the
staining solutions is light gray. The texture is very uniform,
fine, and smooth, so that the substance has a talc-like feel.

Plastic and dry properties Sample No. 128-A

Plastielly) | L e e e et Good  Volume shrinkage ....... 38.5% dry volume
Shrinkage water ...........ccoveeuns 2219  Linear shrinkage ........15.0% dry length
= {6 e E L) R, U e | 7 s 14.8% Dry condition ........... Strong

Water of plasticity ............cocis 36.9%

Fired properties Sample No. 128-A

Conge Color Condition | L.8.9%d.). |T.LS.%d.).| V.8.%d.v. Abg, A.Por.
06 | Brown-buff Good, hard 1.0 16.0 4.2 15.2 2.5
04 | Light red-buff | Good, hard 4.7 19.7 13.5 18.7 25.0

01-1 | Ligh}?hru\\'n- Good, S.H. 0.8 20.8 16.4 10.1 .0

b
3-4*| Pink-brown Good, 8.H. Tl 221 19.7 8.5 17.1
6 | Pink-brown Good, S H. 8.2 23,2 290 7.3 15.2
12*| Brown and FHEEOUE RO | Lovrrmrbinnsler st ivert|emamdes 4ib5is 0.2 0.4
black S.H.
15 | Gray and Good, S.H. 10.2 25,2 27.6 0.2 0.5
brown

Remarks: Best firing range: 05-10. Cone fusion: 23-26. Too much
plastic material.
Class of ware: Add nonplasties for brown structural wares.

DARK-FIRING PALOUSE CLAY

Among the red- and brown-firing clays is the so-called
Palouse clay, so common in the county and particularly in the
region to the south.

Because of similarity in occurrence and physical properties,
only the Freeman deposit is described here in detail. Other de-
scriptions of this type of clay, a material which occurs in un-
limited quantities, are given under the heading of Whitman
County:.

The clay is well exposed just south of the Freeman station
in the pit formerly operated by the Washington Brick, Lime &
Sewer Pipe Co. This excavation covers an area that is from 60
to 100 feet wide and extends 400 feet or so into one of the low-
rounded hills so typical of the Palouse clay region. The clay is
practically structureless, only the slightest indication of rude
bedding being shown in the 40-foot working face. It is a yellow-
brown material made up of wind-borne clay particles derived
from weathered basalt, mixed with silt and a smaller amount of
quartz sand. There is no indication of an origin from the decom-
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Prate 13

PALOUSE CLAY PIT OF FORMER FREEMAN BRICK PLANT OF WASHINGTON
BRICK, LIME & SEWER PIPE CO.

A 40-foot face of clay, without overburden, was quarried. Sampled as No. 79-A. Under-
lying the Palouse clay is an unknown thickness of buff-firing lacustrine clay sampled
as No. 179.

position, in place, of basalt flows, though some of the clay sub-
stance may be the result of more complete alteration of basalt
dust or ash after the deposit accumulated.

Sample No. 79-A, of the clay formerly used at the plant, is
dark brown in color when damp and dries to a much lighter
shade. It is nonuniform in texture, part being “fat” and free
from much grit, while other portions are very sandy. Beside
rather abundant quartz, considerable muscovite in fine flakes is
disseminated throughout the sandier material. The clay is rather
porous; yet when dry it is very compact and more resistant to
pressure than many less-porous clays.

Plastic and dry properties Sample No. 79-A

PIABHICILY o viinmivian vaamamnse e s 000 Volume shrinkage .......33.3% dry volume
Shrinkage water ............-vecee.s 16.5% Linear shrinkage ........12.6% dry length
POFBRIWRLET .o i e s dfamla 5 /absass 9.9% Linear shrinkage ........ 9.1% wet length

Water of plastieity ....... ..o 26.4%
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Fired properties Sample No. 79-A

(Cone Color Condition LS%d.) (T.L8S.%d.1 \"..\i.',,d,v.| Abgs. | A.Por.
|
08 | Lt, red-brown | Weak, coft 0.0 12.6 0.0 16.6 30.1
(7 | Brown-red Weak, soft -0.9 12.3 0.9 13,9 209
(4* DE. brown-red | Vitreous surface, 4.5 17.1 12.9 7.0 14,7
S.H.
02 DE. brown-red \-’l{rvuns surface, .8 19.4 19.0 42 | 8.7
"-H»
2 | Dk. brown-red | Vitreous SULLace; | ......ocueen|osmsarapssis]|isovessnsees 2.3 b.2
3  Dk. brown-red \'Iti’e{;us surface, | 6.8 19.4 18.0 1.5 3.3
S.H. |
t-7* DK. brown-red | Vitreous, good, | 0.8 12.3 -4 13.9 2.3
S.H.

Remarks: Best firing range: 05-6. Cone fusion: 7. Some cracking at
cones 04%, 02, 2, and 3. Dry shrinkage a little high in proportion to pore space.
Cracked in drying. Add nonplastics or change by chemical means.

Class of ware: Red and brown structural wares.

In operation, as there was no overburden to contend with, the
clay was merely undercut and carried by power scrapers to a
trap from which tram cars, used to transport the clay to the plant,
were filled. At the plant the clay was dumped into a hopper at
the top of the mill. It fed through a double pair of rolls into a
combination pug mill and auger machine, and the brick were cut
by an automatic rotary cutter. Both steam drier and open-air
racks were used in drying the ware, so advantage could be taken
of the hot summer weather without being dependent upon it.
The brick were fired in a long up-draft clamp scove kiln.

Two other pits in Palouse clay are operated in this general
vicinity. One is at the Mica plant of Gladding, McBean & Co.
and has been described under that heading (see p. 249). The
other is a recent opening made by the Washington Brick, Lime &
Sewer Pipe Co. immediately adjacent to the west side of their
fire-clay pit at Freeman. A cut has been made for 200 feet in a
hillside that is within 50 feet of the railroad tracks. In the 10-
to 12-foot face is exposed a brown clay, similar to that occurring
in the pit of the old Freeman brick yard. Below the clay is a bed
of boulders and gravel, marking the top of residual material simi-
lar to that exposed in the fire-clay pit. The brown clay is very
easily mined; it is shoveled into dump cars, and trammed the
short distance to a loading platform, where the clay falls by
gravity into gondolas. The decided advantage in the use of this
clay in the sewer-pipe mix at Dishman is that the more clay
mined the greater will be the area of fire clay uncovered and
made available for future use.

DARK-FIRING GLACIAL CLAY

Pleistocene sands and gravels are abundant in the valley
regions about Spokane and to the north and east. With them are
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occasional beds of well-stratified clays. These sediments are of
glacial origin, similar to the glacial sediments of western Wash-
ington, and represent local accumulations from overcharged
streams from the melting ice. Where lake conditions prevailed,
considerable thicknesses of soft, silty clays have resulted, mate-
rials quite different from the cross-bedded sand-gravel deposits
of general occurrence.

As these clays are derived from the erosion of a great variety
of rock types, they are impure, low-fluxing, red-firing materials,
usable only for very ordinary ceramic ware. They are abundant
in Pend Oreille County and are discussed in detail under that
heading. In Spokane County they may be confused, in places,
with Latah beds, but laboratory tests, particularly for fusion,
serve to distinguish them.

One description of a characteristic occurrence of the dark-
firing glacial clay is considered sufficient, as the material is rela-
tively uncommon in the county, has a general concordance in
physical properties, and is only suited to the manufacture of com-
mon ware.

A brick yard 1 mile north of Mead is using such clay for mak-
ing common brick by the soft-mud process. The pit is just east of
the plant and is 500 to 600 feet long and 250 feet wide. It exposes
an overburden of clayey sand, silt, and gravel of varying thick-
ness up to 6 feet. This is underlain by a 14-foot bed of soft buff-
colored clay containing many sandy layers. Below this is a 4-
foot bed of water-bearing sand and 12 feet of light-blue clay that
were exposed in digging a well. The material used in the yard is
the upper soft buff clay. It is fine-grained in part but not uni-
form in texture. The bedding is horizontal and distinctly strati=
fied. Apparently a large body of the clay occurs here. though
lateral variations between clay and sand are common. The chief
objectionable feature of the deposit is the abundance of small
calcareous concretions; these if left in the clay and not finely
ground are apt to swell and disrupt the ware after firing.

The following results of physical tests made on samples from
this clay bed are given by Shedd ©:

PIAREECIES i v s e e ol Fair Total shrinkage .......covivemmmmarvsns 105
Water of plasticity ........c.coniieecnn 239, AL, s s (e e s Nearly steel hard
Drying shrinkage .......ccicciivaiins 8% e 16T e e A b e e Dark red
Burning shrinkage ..........voveveeias 09 WCHIBE: ki e e e Fused
Condition during drying ............ Good Condition after firing ................ Good

Building Supplies, Inc.—In operating here, the company
strips off some of the sand overburden and then mines the clay
“run-of-pit.” A dragline scraper is used with a trap to fill the
clay car. The car is pulled by gasoline locomotive up an incline

@ Shedd, Solon, The clavs of the State of Washington: State College of Wash-
tngton publicatwn p. 174, 1910.
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to the plant, where the clay is dumped into bins. A soft-mud
machine with a disintegrator and pug mill, is the principal equip-
ment, and 25,000 brick per day can be made by this means. A
stiff-mud machine, capacity 30,000 per day, also is available for
use. Drying is on pallets in open-air roofed racks and requires
about 8 days. The brick are fired in 3 clamp scove Kkilns of
385,000 capacity, a period of 3 days being allowed for water-
smoking and 6 days for the actual firing. Wood is used for fuel.
The product is chiefly common brick, and the output in 1936 was
approximately 3,000,000.

STEVENS COUNTY

Stevens County includes 2,394 square miles in the hilly and

mountainous northeastern part of the State. The topography
and geologic formations are rather similar to those character-
izing the adjoining counties on the east and west. Paleozoic

metamorphic rocks such as quartzites, argillites, marbles, and
schists are abundant yet contribute very little to the ceramic
resources. Some of the less highly metamorphosed argillites,
though low in plasticity when ground, could be used for a few
purposes, especially by dry-press methods. Unfortunately, most
of these rocks are high in lime or other fluxes and so are of little
value.

Some shales of Tertiary age that slake and become plastic in
water are known, but these are too scarce to deserve more than
passing mention. One example is the fine-grained gray to green-
ish-gray shale associated with coal about 2145 miles southwest of
Valley, in the W14 sec. 28, (31-40 E). It contains leaf impres-
sions, is interbedded with basalt, and is similar to certain shales
of the Spokane region. It probably is a correlative of the Latah
formation occurring so commonly to the southeast.

Of far greater importance to the ceramic industry are the
granitic rocks which occur over large areas in the county.
Among these, the Loon Lake granite is outstanding. It forms the
surface exposures over many square miles in the southern part
of the county, and probable extensions of this rock make up
much of the granite of Pend Oreille and Spokane counties. With
its high content of feldspar and relatively low percentage of iron
minerals it has been a source of excellent clays in the vicinity of
Spokane (p. 232), and is also the source material for the valu-
able clays of the adjacent Clayton area of Stevens County.

LIGHT-FIRING CLAYS

The high-grade nearly white plastic clays found in the
vicinity of Clayton, in the southeastern part of the county, are
among the best in the State. All those opened so far have been
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lacustrine types, clays laid down in what were probably marshy
lakes and ponds. The finer products of rock decomposition were
carried by sluggish streams into these waters. This material was
eroded from the adjacent granite hills to the east and north and
washed into a low region in the vicinity of the present site of
Clayton and Deer Park. Derived from rock low in femic min-
erals, the resultant clay is, as a rule, exceptionally free from iron
oxide, because the extended leaching to which it has been sub-
jected, both before and after deposition, has greatly reduced the
flux content. So large deposits have accumulated of well-strati-
fied soft, plastic clay, generally fine-grained and unctuous,
although differing markedly from place to place in its silica and
alumina content. The common colors are nearly white and light
gray, but some phases are various shades of blue and yellow.
Leaf fossils are often found on bedding planes, and limonite (bog
iron) in nodules and sheets is associated with virtually all occur-
rences.

The limonite marks an undulatory erosion surface which
forms the top of the better clays. Above this, representing later
sedimentation, is an overburden of glacial origin. This upper
material is derived from ice- and stream-transported debris that
was deposited south of the ice front. It is mostly very sandy, if
not wholly unconsolidated sand, and ice-rafted boulders are
abundant. In places, as in the immediate vicinity of Clayton and
to the north, it is only a few feet in thickness and so interferes but
little in mining the underlying clay, but south and southeast of
Clayton it is much thicker.

The high-grade clays differ markedly from the usual clays
or shales of the Latah formation, though they are not so unlike
the Chester (Sommer pit) beds. That they probably belong to
that formation, in spite of their purity and unctuous character,
is indicated by the stratigraphic relations, by the presence of a
flora similar to that occurring in the Latah shales, and by their
disconformity with the Pleistocene sediments.

Some of the deposits at one time were doubtless covered by
basalt. Erosional remnants of what were apparently thin border
flows of the Columbia River basalt are common at an elevation
of 2,100 feet near Deer Park. The white clays have not been seen
in contact with the lava, but drilling has shown them to be pres-
ent beneath the surface of the plain over which the basalt pre-
sumably flowed. The elevation at Clayton is 2,266 feet, so the
upper flows, known to have reached 2,400 feet near Milan, 13
miles to the southeast, may have originally covered the Clayton
beds. Although suggested by the topography, it is doubtful if
the basalt reached to the 2,300- to 2,400-foot elevations of the
Conner, Neafus, and A. B. pits to the north.
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DISTRICTS
The clays of the Clayton district are well known and have
been worked for many years. They are sufficiently similar in
origin or general properties to be described under one district
heading, though some of the clay types are distinctive. Some-
what similar clays are in the Valley district and are described
separately.

Clayton district.—One of the plants of the Washington Brick,
Lime & Sewer Pipe Co. is at Clayton, and the pits opened at
the plant are the most extensive in the Clayton district. The
town is on the edge of a nearly level alluvial plain that ex-
tends for several miles to the east and southeast. Although
the white clays no doubt underlie much of this flat, the over-
burden of sand and gravel is such, in most places, as to render
working very expensive. This surface mantle thins out as the

flat merges into the low hills, and it is in that part where most
mining has been done.

Clayton pit.—The present working pit at Clayton covers
several acres and exposes various clays, but in use it is un-
necessary to recognize more than three kinds. Measurements
differ from place to place, but those made at one point are in-
dicative of usual conditions. Here, below a foot or so of soil
is 5 to 8 feet of sandy yellow clay that is doubtless of glacial
origin. This is not very uniform but has plasticity enough so
that it may be made into a good red brick of pleasing color.
Sandy pockets occur, and at times material of quite different
texture and appearance from the surrounding clay is exposed
in working the pit. Such variants are probably due to the

Sandy /eam (-2 ft

White 7o blue buff-firing,

"ffdcm:-u;a!:
‘_‘__T——_:T'TT'.I. T T g T
Clayey Sand 2P f‘f

Ficure 4—Section of beds at the Clayton pit, Stevens County,
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Prare 14

A. BANDED LATAH CLAY OF THE CLAYTON PIT.

A refractory light-firing material sampled as No. 136. The resemblance to the varved
clays of B is due to carbonaceous layers.

B. VARVED GLACIAL CLAYS AND SILTS AT COLVILLE,
A low-fusing dark-firing material.

decomposition of scattered granitic boulders and also to the
presence of some residual clay from a projecting point of the
granite which underlies the whole region and reaches the sur-
face to the west of the main pit. Underlying the yellow ma-
terial is exposed 18 feet, more or less, of very fine even grained
unctuous clay, probably a correlative of the Latah clays. Hori-
zontal stratification of this material is made distinct by dark-
colored carbonaceous layers as well as by paper-thin sandy
partings. The clay is dark blue and gray in color and dries to
much lighter shades. It is high in alumina and so plastic as
to require considerable care in use. When mixed with disin-
tegrated granite from Freeman it makes a good grade of fire
brick and is also used for face brick and as a bond clay.
Separating the blue-gray from the overlying vellow clay
is a layer which varies in thickness from 1 to 12 inches, of
limonite, or bog iron. This was laid down on a very uneven
erosional surface, so that it is now cut and exposed as a wavy
band in the face of the pit. Underlying the blue-gray member
in some places is a yellowish-colored clayey sand, or sandy
clay, of medium-fine grain and uniform texture. Considerable
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diversity in the color of the clay occurs at different places in the
pits, changes occurring in the course of a few feet from dark
to light blue, to yellow, and to nearly white; yet the material
is used with very little sorting, as the average composition
remains fairly constant. The following chemical analyses,
based on those given by Shedd®, is indicative of the general
“run-of-pit” from the upper yellow member.

Analyses of clays from Clayton, Stevens County

Constituents I 1I Average
SIICA (S0 o i s e s e 62.56 65.80 64.18
ot iee )L ;0 E0 0 1) IS S o S 23.96 18.78 21.37
e Toigl i 000 201 L el T onlien oraminniihe Srs 4,70 5.42 5.06
Talmie (CaO ) e e s e e
Magnesia (Mg0) .........vvvmvvnnnn. trace 2.46 1.23
Alkalies (K:O,Na:0) .....cvvnvinnrnss 1.12 3.39 2,25
i e 1 e T B e e S T e e it S SRS L e
Moisfire (HIQ) codiasivnaavasemaatain 0.92 1.38 1.15
8 P T CRR ) T T2 o) 511 ¢ o Do AR e e 6.84 3.14 4.99
TN i i e, MRS N X 100.10 100.37 100.23
ot b 7 0B 1T 5T el RN O DR L YT S 5.82 11.27 8.54

Similarly, the following is indicative of the lower or blue-
gray member.

Analyses of clays from Clayton, Stevens County

Constituents I 11 111 Average
T 1 e e ) 49.67 53.64 51.36 51.56
ATrna: iEATOR), - e nren e 32.38 31.96 33.09 32.46
Iren (Rl il s s s 1.50 1.82 2.39 1.90
e (CaO T el s e 0.25 0.08
Nagtesia ENERO), bt e 0.58 trace 0.78 0.42
Alkalies (K.O,Na.O) ........... 1:30 1.17 0.08 0.87
THESRTHM: (THO) oiinmemmisis 0.51 0.17
Molstrre (BN . . s o s e 2.30 1.66 212 2.03
70T ) v (=004 (o) 3k e SO SRS T 10.92 10.06 10.54 10.51
ROLALE o Rl o e e e e 99.46 100.31 100.36 100.06
by e U £ £ b R e 4.19 2.99 4.25 3.81

Sample No. 136 was of banded blue clay from the side
(south) of the pit nearest the plant. When fresh, this clay
has about the texture and hardness of common soap and is
apparently free from sand. When a little is taken between
the teeth, very fine grit may be detected. It dries compact
and brittle and then is light gray in color.

(0 Shedd, Solon, op. cit., p. 205.
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Plastic and dry properties Sample No. 136

PIAHCIEY ....oovvrimivinvmnninessnsva Good Volume shrinkage ....... 39.6% dry volume
Shrinkage Watel' ......ccosreesensess 23.1% Linear shrinkage ........ 15.09; dry length
L I s Y 16.3% Linear shrinkage ........ 9.5% wet length
Water of plasticlty’ c.ccic.isiuiniive 394%  Dry condition .......... Tendency to crack

Fired properties Sample No. 136

Cone Color Condition L.8.%d.]. [T.1.8.%1.1| V.8.9%d.v, Abs. | APor
7 | Light buft Weak, sott | ... o el L RS, 2.5 3.0
04*| Light bufy A few cracks, 3.9 15,9 11.3 15.8 2.5

| otherwise
| good, §.H.-
02 | Light buff A few cracks, 0.6 21.6 18.5 13.1 24.8
otherwlse |
good, 8. H.-
4 | Light bufr A few eracks, 10.6 25.0 | 28,6 T.2 0.1
| otherwise |
| good, 8. H.-
L e e P v it w | [t e M R ANl e 1.4 3.9
12* Light gray Good, S.H. 12.8 .8 | 83,8 0.2 0.5
15 | Gray and Gowml, 8.H, 17.1 2.1 43.0 L8 2.4
brown

Remarks: Best firing range: 05-20. Cone fusion: 30-31. Too much
plastic material.

Class of ware: Refractories. Add nonplastics for buff-colored structural
wares, terra cotta, and buff-colored pottery.

The third clay type is exposed in the northwest part of the
main pit and continues westward from there for at least the
600 feet or so that small pits have been extended. There, under
a variable overburden of 1 to 10 feet of sandy glacial clay, is
a residual material formed from the weathering of granite.
In some places it is merely “rotten rock” and hardly disinte-
grated. Much of it is stained with iron oxide, but even the
deeper portions, free from discoloration, are impure as com-
pared with the low-iron refractory residuum occurring in the
vicinity of Freeman, Spokane County. An interesting vari-
ation of this material is in the “sand pit” lying west of the
plant, where a deposit of micaceous clayey quartz sand has
accumulated as a result of partial assorting through water action.
This sand has been excavated to a depth of 12 feet or so over
a 300-foot area. It, like the other clays, is separated by an
irregular thin layer of bog iron from overlying glacial sediments.

Washington Brick, Lime & Sewer Pipe Co., Clayton brick
plant.—The Clayton pits have been worked since 1893, and
an immense tonnage of clay has been removed. The main pit,
a level-floored area that is 600 feet or more long by some 400
feet wide, has been carried 26 feet below the general ground
surface. Formerly the clay was caved by blasting and loaded
by pick and shovel into the clay cars; now a gasoline-powered
shovel is used and the clay is moved by truck. The reason for
this is that much less clay is mined from the Clayton pit than
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formerly, and the pit floor forms a convenient repository for
clays from other pits. An incline connects plant and pit, and
power is used to take the cars up this to raw-clay storage bins
where different types of clay are kept separate.

Clay is drawn by tractor shovel from the various stock
piles, depending on the ware to be made. For common brick,
the Clayton clay is used, and some may be added from the A. B.
pit. Face brick require similar clay and also various mixtures
to obtain different effects. For fire brick, use is made of one-
third each of Freeman residual, gray plastic from Mica, and
A. B. clay. The mixtures go (by way of a clay drier if too
damp) to a hopper which furnishes automatic feed to three
9-foot dry-pans. The clay is then elevated, screened, and fed
to a combination pug mill and auger machine with a 22-brick
automatic cutter. From the off-bearing belt the brick go on
double-deck cars to the steam-heated drier, though they are
first repressed if fire brick are being made. After an average
time of 4 days in the drier the ware is ready for firing. The
kilns have a capacity of 368,000 brick and include two rectan-
gular down-draft periodic kilns, each of 90,000 brick capacity,
and five round down-draft periodic kilns ranging from 20,000
to 70,000 in capacity. Three days are allowed for water-smok-
ing, and the firing is completed in 2 or 3 days more. The

average run of fire brick, common brick, and all kinds of face
brick was about 600,000 per month during 1936.

Washington Brick, Lime & Sewer Pipe Co., Clayton terra
cotta plant.—The terra cotta plant of this company, adjoining
the brick plant at Clayton, is the only one operating at the
present time in the State. The clay used for modeling is the
very plastic fine-grained material from the Clayton pit, but
that used for terra cotta is obtained from the company’s A. B.
pit. This is delivered by truck to the storage bins at the plant.
A dry-floor is available when the clay is too wet. From this
the clay goes to a jaw crusher and a 7-foot dry-pan. Grog
in the proportion of 5 parts to 1 part clay is used, and barium
carbonate is added to eliminate any possible efflorescence on
the finished ware. After grinding, the clay is screened and
then passed through a pug mill and auger machine in order
to properly temper it and, also, to form the plastic material
into blanks of convenient size for handling. To give uniformity
and maximum plasticity the clay is then aged in cellars, after
which it is again passed through the pug mill and auger ma-
chine. The final blanks are then ready for the regular pro-
cedure of pressing, drying, and glazing. The glaze is mixed
in two Abbe pebble mills and is applied with a spray-gun.
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Drying is then completed on the hot-floors. Nine round down-
draft muffle kilns are available for firing the ware, but, with
the present conditions of the market, only two 20-ton kilns are
in use. After firing, the ware is packed for shipment throughout
the Pacific Northwest.

Sample No. 701 is of the clay mixture used in the general
terra cotta body.

Plastic and dry properties Sample No. 701

PIASECITY civeaannvessnaniya i st Tiaeas Good Volume shrinkage .......24.7% dry volume
Shrinkage: Water .. . oo aossvaais 13.49 Linear shrinkage ........ 9.0% dry length
PObE WREE i nisia et ey 11.9%
Water of plastieity  L.o.cuiliaiaiuai 25.3%

Fired properties Sample No. 701

| | !
Cone | Color Condition L8501 |T.L.8.%d.) V.8.9:4.v. | Ahs, A.Por.
M* Light buff Good, hard 0.7 9.7 | 22 15.5 28,1
5 | Light buifY Good, S.H. 3.3 2.8 @5 10.0 10.3
6-7* Buff Good, S.H. 3.7 12.7 0.5 | 9.8 19.1
s 5.H. 7.0 16.6 .1 | .7 6.0

l;?'l Buff-gray Giood

Remarks: Best firing range: 2-8. Cone fusion: 26+.
Class of ware: Used for terra cotta.

A. B. (formerly the Abbott) pit.—The A. B. pit of the Wash-
ington Brick, Lime & Sewer Pipe Co. is in the NEV4NW1/4 sec.
32, (30-42 E), about 7 miles by road north of Clayton. It is in
a region of low, rolling hills, with higher country to the west
and north, not far removed from the edge of the plain extend-
ing to the southeast. The company owns about 414 acres here,
lying on either side of the old Colville road. The pit is about
100 feet wide and 350 feet long; as the ground is sloping, a
quarry face is developed that is 30 feet high at the maximum.
Overburden is negligible in some places, elsewhere reaching
nearly 3 feet, but a stained top phase of the underlying deposit,
as much as 8 feet thick, must be stripped at the west end of
the pit. The clay is of lacustrine origin and probably to be
correlated with the Latah formation. It is a horizontally bedded
plastic gray material that is fairly uniform in texture though
containing some sandier phases. It appears massive when dry,
but greater leaching along silty layers makes stratification ap-
parent when the clay is damp. In part of the pit the gray clay
grades into a variable thickness (probably averaging about
4 feet) of underlying coarser-grained yellow clay, a variation
due to iron-bearing solutions percolating through a more pervi-
ous stratum and causing an irregular staining. This yellow
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clay contains rather plentiful leaf imprints on the bedding
planes.

The clay is loosened by powder and loaded by a gasoline-
powered shovel into trucks for delivery to Clayton for use in
practically all the different mixes. Some, also, is shipped to
buyers in other locations, and, in the 30 years or so that clay
has been mined here, it has been used in refractory bodies,
for face brick, for terra cotta, and for stoneware and pottery.
The yellow phase was formerly hand-sorted from the gray and
used by the old Inland Empire Pottery Co. for a red-firing
stoneware body and for flower pots.

Sample No. 132, taken from the upper beds, is a very plas-
tic light-gray, nearly white, clay. It is compact and brittle
when dry, but contains uniformly throughout very fine sand
grains and minute flakes of white mica. The texture is fine

and even but between the fingers feels slightly harsh.

Plastic and dry properties Sample No. 132

Plasticly . cviovnanvais Good (sticky) Volume shrinkage .......31.9% dry volume
Shrinkage water .........ciiveeneies 17.0% Linear shrinkage ........ 12,09 dry length
Pore Water: i i et AR 13.0%  Linear shrinkage ........ 8.1% wet length
Water of plastieity ... ..o i 30.0% Dry condition ........ Lamination cracks

from auger machine

Fired properties Sample No. 132

Cone Color Condition L.8.9d.1. 'I',I..S.%d.l.! V.B.9%d.v. Abs, A Por.
08 | Light cream Weak, =oft 0.8 12.8 2.4 17.0 3.4
07 | Light eream Good, hard 1.2 13.2 3.0 14.2 5.1
4 | Light cream Good, hard 3.7 15.7 10.6 12.6 25.1
02 | Light buff Good, 8.H. 5.3 17.8 15.0 8.2 17.2

5 | Light bufr Good, S.H. 7.6 1.6 2.0 4.4 9.6

10 | Light gray Few blisters, 8.8 20.8 .1 | 0.2 0.4
vitreous, S.H, | |

l?‘l Light gray S5.H. T2 14,2 an.0 | 0.9 2.4
|

Remarks: Best firing range: 04-8. Cone fusion: 23-26. Too much
plastic material; high shrinkage.

Class of ware: Buff-colored structural wares, terra cotta, and buff-
colored pottery.

Sample No. 133, of the lower vellow bed, is also compact
and brittle when dry but has a clear yellow color. It is coarser
than the gray clay, contains larger grains of sand and mica,
and consequently has a harsher texture.

Plastic and dry properties Sample No. 133

PIagtiCIly e oiian oot s dienasis s e Good  Volume shrinkage .......31.8% dry volume
Shrinkage Water ...........ociinsas 17.2% Linear shrinkage ........ 12.0% dry length
§ 580 L b S e T R e e e i ] 18.67% Linear shrinkage ........ 7.5% wet length
Water of plagtielty - ioisancaiiiind 35.8%
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Fired properties Sample No. 133

l"-(lno]l Color Condition L.8.g5d.1 ."I'.T,,S.%{].l,[ V.8 9d.v, Abs. A.Por.
= ! |
07 | Lt. brown-red | Weak, soft 2.0 14,0 6.0 18.5 I
04 | Bright bufi- Wenk, hard 8.0 20,0 @2 8.6 9.7
red
0 | Bright buff- Good, hard 0.7 21.7 26.8 8.5 15.6
red
o1 | Bright bufl- Good, S.H. 10.7 22T 28.0 6.8 15.10
| red
3-4*| Pright brown- | Good, B H. | .ccoiieissialissinancinns e s 3.9 8.4
{ T |
6 | Bright brown- | Good, S.H, 12.2 242 2.3 0.0 0.0
red

Remarks: Best firing range: 06-6. Cone fusion: 20-23. Shrinkage
high.
Class of ware: Used for flower pots.

Just north of the A. B. pit, across the old Colville road,
a small pit or shaft, dug some 40 years ago, has been given the
name of the “Paint Pot” from the color of the exposed clay.
This is a dark orange-colored clay or ocher that is deep blood-
red when wet. Several other shallow pits in the surrounding
150 feet show clays variously colored to light buff, yellow, and
deep red, as well as thin, hard, brittle layers of fine-grained
sienna. These are either stained phases of the plastic gray
clay or, as is probable in some instances, they represent original
depositions of hydrous iron oxide and clay in varying propor-
tions. From their elevation it is presumed that they are under-
lain by a continuation of the gray clay of the A. B. pit.

Sample No. 134 was taken from the “Paint-Pot”, though the
value of this material does not lie in its ceramic use but rather
in its possibilities as a pigment. The ocher is devoid of grit,
is very smooth and unctuous, and dries compact and very brittle.

Plastic and dry properties Sample No. 134

Plasticity .......... o Sietabeta attarar Good  Volume shrinkage ....... 40.5% dry volume
Shrinkage water ........icevesieanas 23.3% Linear shrinkage ........ 1599 dry length
POra I Wateyr o sassasins ca cnssr s 16.7% Dry condition ........... Cracked

Water of plasticity .................. 40.0%%

Fired properties Sample No. 134

(‘Olll" Color Condition L8.%d.). (T.L.8:.%A]| V.8.%d.v. Abs, A:Por.

{17} ! DBufl-red Bad eraeking, || sraan i st 22.5 3.8
soft

03 | Buff-red e o e e e e P LT e s e 10.5 34.9
hard

01 | Buff-red B»:;i}i'rnt'klng‘ H.5 S04 87.5 0.4 H.8

Remarks: Best firing range: 02-12. Cone fusion: 30. Too much
plastic material.
Class of ware: Use as a red pigment.

—10
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Neafus pit—The D. C. Neafus clay pit, now under lease to
the Deer Park Natural Pigment Co., is about 2 miles east of
the A. B. pit in the SW1/ sec. 34, (30-42 E). Prominent rounded

hills of argillite, quartzite, and granite reach to within a mile
of the deposit, but the immediate vicinity is only slightly roll-
ing and is too level to permit the clay to be removed by quarry
methods. The old Colville road passes through the property,
giving, in common with the other pits of the Clayton district,
an easy haul to the railroad, though several miles in length.
Very little of this clay has been marketed, but considerable
exploratory and some development work has been carried on
at various times. The surface is covered with a variable over-
burden of glacial boulders, gravel, and sand that is as much
as 15 feet thick in places. Below this is a lacustrine deposit,
probably of Latah age, of horizontally bedded clays and sands.
Some of this material is fine-grained, plastic, and nearly white.
This apparently holds true for the upper 8 to 11 feet in most

places, but there is some difference in the relative amounts
of ocherous plastic clay and hard brown layers of sienna that
are known to underlie the white clay. Such discrepancies are
doubtless due to actual differences from place to place caused
by lenticular beds and lateral variation. The company, as
the result of extensive drilling over a large acreage, gives the
following average section:

Section of Neafus clays Feet
Overburden; soili silt-and Sravel —vs vl oo s oo s eme oo vr 8
e IOU S IR T e e oneslle oottt tosrasora oo pe Fe s R e e S S 11
ST o e e L L ) T e, O M S 6
ALY e et 2 e, et Sl T e e LR S S 5
ATz S A TIC e e S e oo e R a6 B e s 32+

Wilson® mentions that below 8 to 11 feet of nearly white
clay is from 3% to 5 feet of ocher with which thin layers
(mostly 2 to 6 inches thick) of sienna are interbedded.

In the early work on this property it was the intention to
reach the clay under its overburden by means of a shallow
slope, after which it would be mined by drifts along the bedding.
A gently sloping tunnel was run in a N. 70° W. direction for
100 feet or so, and some clay was removed; eventually the
dead weight of loose surface material proved too great for the
timbering used and caused the slope to cave. Cars of clay,
during the operation, were raised up an incline to a substantial
bunker; from there trucks were loaded by gravity and the
clay sold for buff-colored stoneware and pottery.

Sample No. 135-A was taken from clay in the bunkers. It
is nearly snow white when dry, though an 11-foot auger test

4 Wilson, Hewitt, Ochers and mineral pigments of the Pacific Northwest: U, S.
Bur. Mines Bull. 304, p. 22, 1929,
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hole near the tunnel produced clay that was mixed with
yellow ocher. The sample is compact and brittle. The tex-
ture is fine and uniform and gives the clay a waxlike feel,
the semblance being furthered by the gloss that appears where
the clay is rubbed. A small amount of very fine grit can be
detected when a portion is tried between the teeth.

Plastic and dry properties Sample No. 135-A

PESTIOIRY < crvt o iim ot v s sima Good, sticky Volume shrinkage ..,... 40.2% dry volume
Shrinkage wateér ...........ceccvunes. 22.6% Linear shrinkage ........ 15.8% dry length
D A R il a s o P 14.2%; Dry condition ........ Lamination cracks
Water of plasticlty i ....vsmmiviinnsnes 36.8% from auger machine

Fired properties Sample No. 135-A

Cone Color il Condition ] ] lBE-I I I'l' L.B.%d. L v Bod.w, Abs, \ Por.
02 | Light buff | BHY | saeirveasleas reat e s S s r s e T2 15.49
01 | Light buft 1256 - I (| e R iy Rt e ] R RS 6.4 130
1+ | Light buff S.H. 8.1 | 48,4 2.5 8.1 0.5
-4*| Buft o (N e [ e 1 I S 3.9 8.0
6-7* Buff Bl e g | [ U R 0.9 1.9
12*| Gray-buff S.H. .6 22.4 15,6 1.1 1.8
15 | Gray and Vitreous, good, 5.5 1.0 16.4 2.5 5.1

| hrown S.H.

Remarks: Best firing range: 03-15. Cone fusion: 30-31.
Class of ware: Refractory, but needs nonplastic material. Buff-colored
structural wares; pottery: terra cotta.

Sample No. 135-B, also from the Neafus property, was taken
from two shallow pits about 300 yards north of the bunkers.
Some prospect work was done here, and a small amount of
clay was mined. The clay is light gray in color; it is a little
darker than that from the tunnel but is otherwise almost iden-
tical with it.

Plastic and dry properties Sample No. 135-B

PIREHIC Y o i e iais s e et a el v e e els Good Volume shrinkage ....... 46.99 dry volume
Shrinkage water .......c.vovsvryresh 24.3% Linear shrinkage ........ 19.0% dry length
Pore wWater ...........oeceenecnnnnnas 11.47% Dry condition ........ Lamination cracks
Water of plasticity .......ccevvereens 35.7% from auger machine

Fired properties Sample No. 135-B

| 1
(_‘nnoll Color Condition LS.%d1 |T.LS.%d.1| V.8.%dv. | Abs. | A.Por
08 | Light buifr Good, hard 1.9 20.9 5.4 16.7 90.5
07 | Light buff Good, S.H.- 3.3 2.8 .6 o 9.2
M*| Light buff Good, S.H. a.fi 24, t'i 16.0 1.9 17.1
02 | Light buff Good, S.H. 7.4 26.5 0.4 b.9 13.0
3 | Buft Good, 8.H. 8.5 27.5 23.6 0.6 1.5
12*| Light gray Bmll!‘ blistered, 6.7 25.7 18.8 1 3.1
15 | Brown-gray Bmi]y blistered, .8 5.8 19,0 1.6 I b4
S.H. |

Remarks: Best firing range: 06-8. Cone fusion: 28-29. Too much
plastic material.

Class of ware: No. 2 refractory. Needs nonplastics for buff-colored
struetural wares, terra cotta, and buff-colored pottery.
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Although the locations just mentioned are the only ones
in the Clayton district known to have produced clay in commer-
cial quantities, yet many square miles of the low country and
foot hills in this vicinity and around Deer Park, in Spokane
County, are underlain with the light-colored high-grade clay.
It is reported from wells on many farms—in fact, wherever
the formation below the surface mantle of soil, sand, and gravel
has been penetrated. The samples described above may be
considered to be more or less characteristic of the clays of the
whole region, if dependence can be placed in reported des-
criptions of occurrences now inaccessible. The fact that clays
high in silica appear to be more common in the northern part
of the field, and that high-alumina clays generally occur to
the south may be due to the fact that the drainage here is
southerly. In any bodies of water the more siliceous clays with
their grains of free silica would settle out first, leaving the finer
aluminous material to be deposited farther south. Thus a me-

chanical separation would result that would be in agreement
with field indications.

Valley district.—So far as known, the only exposures of
high-grade white clays in Stevens County, outside of the Clay-
ton district, are in the vicinity of Valley, where three alluvial
deposits, probably of Latah age, have been reported. Conditions
are favorable for additional deposits of either residual or sedi-
mentary origin around the borders of the large areas of Loon
Lake granite extending south from Springdale, so prospecting
would be warranted along the valley of Chamokane Creek, par-
ticularly on the east of the Springdale-Long Lake Dam road
and south of Loon Lake through T. 28 and 29 N., R. 41 E.

In the NEV{NE!) sec. 30, (31-41 E), on the property of
John Kulzer, is a bed of light-gray clay that occurs under
peculiar conditions. The region is rough and hilly, and a ridge
of basalt dominates the topography at this particular place.
About 1910 a shaft was sunk in the basalt in an endeavor to
find iron ore; instead, a “pocket” of clay was penetrated which
later led to considerable development work. About halfway
to the top of the ridge a tunnel entirely in basalt enters the
hill in a general easterly direction for about 100 feet. A 30-
foot raise has been driven at about 80 feet from the tunnel
entrance and taps the clay discovered by the old shaft. A 15-
foot drift on the bed exposes 5 feet of light-gray soft, plastic
clay with base concealed. This member is overlain by about
1 foot of coarse brown sand, 1 to 14 feet of gray clay, which
forms the roof of the drift, and an unknown thickness of brown
sand. The light-gray clay contains leaf imprints and wood
fragments. Some of the vegetal material has been replaced
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by iron minerals, so that fossils formed of limonite occur and
show the texture of the original woody matter.

No mining has been done for many years, but the work-
ings when visited were still in good condition. The drift gives
no indication of the clay pinching out. The material is con-
torted and slickensided, and the relations are obscure, owing
to the advanced weathering and disintegration of the basalt
at the contact; but no doubt the occurrence is a small lacustrine
deposit interbedded between two flows of basalt. The ex-
pensive preliminary work is completed, so that the clay could
be mined now very cheaply until the supply becomes exhausted.

Sample No. 138 was taken from the 5-foot stratum. It is
light gray in color, slightly stained in places by iron oxide
derived from limonite nodules which occur at intervals in the
bed. There is a noticeable lack of uniformity, some of the
clay being free from grit, while some contains considerable
sand; one or two waterworn pebbles are present. In general
the clay is smooth and compact, appearing not unlike the better
Clayton clays.

Plastic and dry properties Sample No. 138

T A e S S e A g Good Volume shrinkage ...... 21.4% dry velume
Shrinkage water ...:ii.ociviiisisinas 156%  Linear shrinkage ........ 7.7% dry length
Pore Wabel! <ol i e e s 17.97 Dry condition ........... Good
Water of ‘plasticity. ..o civersiesior e 33.5% -
Fired properties Sample No. 138
l‘.um-l Color Condition LiSSpl). (T L.S.9%dA)L V.8.9:d.v, Abs, A.Por.
Light bufl Good, S.H.- 3.0 11.6 11.2 127 24.1
Brown-bufl Good, 8.H. a8 13.6 16.8 0.6 14.2
01 Brown-buff Good, 8.H. 8.3 16.0 22.9 4.5 10.0
34* Brown-buft Good, 8.H. 12.2 19:9 82.2 0.0 0.0
:.-: , Brown-bufl G ul}ll S.H. 11.9 1.6 51.6 0.0 0.0
Brown and Blistered badly, 7.0 154 21.4 1.8 2.0
hlack SH
15 | Brown and V-suu]nr RO e e e Fy e s haraiers s S sdelrslel b 1.8 | iicieecnien
black
Remarks: Best firing range: 06-6. Cone fusion: 234-.

Class of ware: If high shrinkage were reduced, suitable for buff-colored
structural ware, terra cotta, and pottery.

Clay was encountered in a well put down on the Zeiss farm
just south of the tunnel at the foot of the ridge. No sample of
this was seen, but it was reported to be similar to that in the
basalt, so judicious prospecting in the vicinity might be repaid.

What is probably a very similar clay is reported by Shedd®
about a mile to the north in the NW!/ sec. 20, (31-41 E). This,
also, is a hlgh grade almost snow whlte material that apparently

(@ Shedd Solon, Cement materials and industry in the State of Washington: Wash-

ington Geol. Survey Bull. 4, p. 126, 1913,
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warrants prospecting. The extent of the deposit is not known,
and development may be retarded by the distance from a rail-
road or market. (See analysis No. 278.)

DARK-FIRING CLAYS

Other clays of Stevens County which have been utilized
in a few places are the Pleistocene and Recent alluvial deposits.
These are widely distributed throughout the county along the
principal rivers and mostly occur in thick well-stratified beds
of smooth, plastic clay. A high flux and iron content prevent
these clays from being used for anything except the common
red wares, but their very fine, uniform texture has led to
some being employed for slip in compounding cheap brown

glazes.
DISTRICTS

For convenience the dark-firing silts and clays are described

under the headings of Chewelah, Bissell-Northport, and Ket-
tle River Valley districts.

Chewelah district.—Of the Pleistocene and Recent alluvial
silts and clays, those occurring at Chewelah have been used
most extensively. These clays are abundant in the Colville
Valley and attain great thickness, as is shown by well borings.
The deposit just north of Chewelah has been used for making
common red brick and drain tile, and a pit which measured
about 150 by 400 feet supplied the plant formerly located there.

A low knoll rises from the level valley floor, and clay was
taken from the open pit in its south side. Care was used to allow
for natural drainage, so the workings are shallow, exposing
only the upper portion of the formation. The clay is lami-
nated and separates readily along the bedding planes but is
not indurated enough to be considered a shale. In general it
is uniform and free from grit; however, minute layers of very
finely divided sand account for the smooth parting. The chief
objection to this deposit is the large amount of hard, concretion-
ary lime nodules scattered throughout. These are of various
sizes and shapes, though mostly flat and having an average
diameter of about three-quarters of an inch.

Sample No. 138-A, from this pit, is a yellowish-gray clay,
smooth and soft. It is very even textured and practically free
from grit, but it contains sufficient calcium carbonate to effer-
vesce briskly when tested with acid.

Plastic and dry properties Sample No. 138-A

45T A T ) S e S RO Ve o Good Volume shrinkage ....... 21.5% dry volume
SRR WALEE . o ovvavvrsisr sumasiosinsme 11.7% Linear shrinkage ........ 7.8% dry length
POrE WANET ..laiotenesion sinmen s o)e s 14.4% Linear shrinkage ........ 6.5% wet length
Water of plasticity....qvvvivivmennine 26.19%
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Fired properties Sample No, 138-A

Cone | Color Condition L.8.%d.]. |T.L.8.9d.1| V.85, Abs. A.Por.
0= | Buff-brown Wealk, soft 0.4 8.2 L1 18.5 .0
07 | Buff-brown Good;:hard: | oaaesesses R T P I e 6.3 23.2
4*| Dk, brown-red | Vitreous surface, sS4 16.2 23.2 0.7 2.7

good, 8. H. |
02 | Dk. red-brown | Vitreous surface, 0.6 17.4 25.2 0.0 0.0
good, 8.H.
2 | Dk. red-brown | Deformed, 5.1 12.9 14.6 1.1 G,
| fused, S H,
6-7*| Dk. red-brown | Fused 3.8 11.6 10.9 0.3 1.0

Remarks: Best firing range: 06-01. Cone fusion: 8. Shrinkage is a
little high.
Class of ware: Formerly used for common, face brick, and drain tile.

Chewelah Brick Co. (abandoned).—As used at the old Che-
welah Brick Co., the clay was plowed and exposed to the
weather for some time. It was then carried in wheeled scrapers
to the plant, where it was passed through disintegrator rolls
and elevated to a hopper. The product, common brick, was
made by the ordinary stiff-mud process and dried on pallets
in the open yard and on covered racks. Firing was in a semi-
continuous down-draft Kkiln, using wood and coal for fuel. An
output of 3,000,000 brick was reached in some years.

Alluvial clays occurring at Colville were formerly utilized
for making common red brick. The lack of demand was prin-
cipally responsible for the closing down of the two plants
that were located here. Varved bluish-gray soft clays have
been exposed to a depth of 10 feet and more by excavations
in the business district and elsewhere. One mile northeast
of town a bed of grayish clay about 20 feet thick occurs with
from 1 to 3 feet of overburden. Southeast of the Fairgrounds
100 yards is another deposit. A 2-acre pit here exposes about
8 feet of sandy gray clay with about 2 feet of overburden.

Bissell-Northport district.—Near Bissell, in western Stevens
County, is a small deposit of alluvial clay. It is exposed just
north of the road near a spring in the NW1/ sec. 3, (31-37 E).
The distance from any market reduces the value of this clay,
but it represents a type slightly different from other beds
sampled.

Sample No. 139, taken here, is a sandy gray material some-
what stained yellow where it has been exposed to weathering.

Remarks: When tempered with 26.2 percent water, a good plastic
strength is produced. It fired to scummed buff, brown, and red colors be-
tween cones 06 and 1. It could be used for brown structural wares.

From Bissell north along the Columbia are large deposits
of alluvial clays where Pleistocene terrace deposits remain as
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erosional remnants high above the river level. These are, in
places, poorly consolidated silts, such as are found so generally
in the larger stream valleys in northeastern Washington, but
some deposits are well-bedded clays, commonly very plastic
and tenacious. The extensive deposits near Kettle Falls are
characteristic of the better grade of these glacial clays. How-
ever, a high content of iron oxide and other fluxes confines
their adaptability to common red-firing products. A small yard
operated at the old town of Kettle Falls at one time and used
these clays for common brick.

Horizontally stratified thin-bedded clays are cut by the
road at the south side of the Colville River in the SW1j sec. 35,
(36-37 E). Separation occurring along thin sandy layers renders
the bedding distinet. The material is very uniform and fine
in texture and is free from grit except for the small amount
on the bedding planes. Immense amounts are available, but
trouble would be caused by a gravel overburden in some places.
This particular location will be covered by water when the
Grand Coulee dam is completed, but the description and the

results of tests are indicative of the abundant Pleistocene clays
throughout this whole region.

Sample No. 140, taken at this location, is dark blue and
very plastic when fresh and damp. After drying it is com-
pact and brittle and gray in color. The sample contains prac-
tically no grit.

Plastic and dry properties Sample No. 140

Plastielnr o i s e Sticky  Volume shrinkage .......225% dry volume
Shrinkage water ... e i de s 13.6%  Linear shrinkage ........ 8.2% dry length
POreEWREEr N = A s e s b e S e 23.1%  Linear shrinkage ........ 6.7% wet length
Water of plasticity. .....ccvevenrsses 36.7% Dry condition’ ... oo Good

Fired properties Sample No. 140

|
l_‘-nm-| Color Condition L.8.%d.]. T.L.S. %1, V.8.9%d.v. Abs. A.Por.
—_—— |- —_—————_——_—_—_— e — —— — —_ _
06 | Bufi-brown Giood, hard {1 5] ‘ 8.9 z.2 20.2 3.1
o4 | Lt. buff-red Good, hard fi.4 14.6 18.0 14.4 %.6
02 | Dark brown Good, seum, 13.6 | 21.8 3H.5 1.4 3.4
S.H.
1 | Dk. brown-red Badly tuek, 17.0 25.2 42.7 1.1 2.5
gluzed, S.H.
4-1* Dk. brown-red Fused, S.H. .1 17.3 24.9 0.0 0.0
| 1

Remarks: Best firing range: 05-02. Cone fusion: 2. High shrinkage.
Low fusion.

Class of ware: Add nonplastic material for red and brown structural
wares.

About three-quarters of a mile north of Marcus, a cut along
the Great Northern Railway exposes a clay resembling that at
the old town of Kettle Falls. Itis dark gray in color, fine-grained
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and compact. A similar large deposit occurs along the road
about half a mile northeast of Evans. Other large deposits occur
near Bossburg along the Columbia. They are finely stratified
and vary in color from dark bluish gray when damp to light gray
when dry. In common with the deposits farther south, these
clays are very fine grained and practically free from all but the
finest grit. They commonly show only medium plasticity and
low tensile strength. One deposit here has been mined inter-
mittently for many years; some of the clay was shipped to Clay-
ton to the old Spokane Pottery Co., where it was used as slip for
glazing stoneware, but most of the output (some 8,000 tons) was
bought by smelters, formerly located at Northport and at various
places in British Columbia, and used for temporary seals in fur-
nace openings.

This particular deposit is beside the railroad, 4 miles north of
Bossburg, in the NE cor. sec. 15, (38-38 E). It is held by T. R.
Fitzgerald as three mining claims. The high bluff, here, above
the Columbia is very steep and has undergone considerable
slumping. This has left the usually horizontal clay beds tilted
and broken, so that a series that is 125 feet thick at one place is
exposed for only a few feet at the foot of the bluff a short dis-
tance away. The clay is easily mined, as some 125 feet of upper
sandy and gravelly beds were stripped off years ago by the rail-
road in order to decrease the slope and eliminate slides. It occurs
in thinly laminated beds, 1 to 2 inches thick, and in more massive
beds, as much as 3 feet thick; the bedding is made distinct by
paper-thin fine, silty partings in a clay which is otherwise almost
free from detectable grit. The color is dark bluish gray when the
material is damp and a medium gray when dry. The following
results were obtained in tests ©:

Water of plasticity.......coivviisens 345 % Light red and still soft at cone 010.

Linear shrinkage on drying........ 6.68% Dark red and vitrified at cone 05.

Linear shrinkage on firing to Dark brown and completely fused at cone
O I e e e et i e AT e 1.33% 1.

There was little cracking or warping, even when dried rapidly but care
was required in firing to prevent swelling and distortion.

In the vicinity of Northport are extensive deposits of similar
kind. The railroad cuts through one near the river, 214, miles
northeast of the town. Stratification is distinct, owing to very
sandy layers being interbedded with finer-grained plastic ones
that are practically free from grit. A flat bench, several hundred
acres in extent, across the river from the town, is probably
largely composed of these clays. They are exposed at one place
where the railroad grade cuts into the series and again at the
mouth of Sheep Creek. South of Northport, 214 miles, the clays

@ From Shedd, Solon, The clays of the State of Washington: State College of
Washington publication, p. 217, 1910.
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oceur in a bench above the river. A very uniform bed, more than
30 feet thick, is exposed in sec. 17, (39-40 E), indicating the large
quantity available. At one time a brick yard operated here, and
the old opening shows stratified light-buff fine-grained clay.
Samples are practically free from grit, though when dry they
have a harsh, silty feel. They slake readily and have good plas-
ticity, but have a short firing range, produce a red ware, and have
a low temperature of fusion.

Kettle Valley district.—Silty clay occurs at several places
along the Kettle River from its confluence with the Columbia
north into Canada. A characteristic example is in the NEY} sec.
17, (37-38 E), where a deposit, very light gray in color, covers
many acres of land. It is mostly exposed in the upper levels of
the hills making up the region and is of glacial origin, hori-
zontally bedded, and of great thickness. The beds are commonly
without much overburden and show white through the mantle of

vegetation, especially where uncovered by the hoofs of stock and
deer. Incidentally, the animals eat the clay for some salts it con-
tains and in so doing have laid bare many patches.

Sample No. 148 was taken from the farm of C. C. Hooks at the
section location given above. It is very uniform and smooth in
texture and is quite free from coarse grit. It is compact and
brittle when dry and is filled with irregular, branching minute
holes. Several irregularly shaped limy concretions were noted
where the sample was taken; these would be an objectionable
feature of this clay were it ever to be utilized. Although less
than a mile from the railroad, the clay is not of a quality to repay
shipping, its only value coming with the development of a nearby
market.

Plastic and dry properties Sample No. 148

b 54 £y P 0 e B e B e, ol e R Good  Volume shrinkage .......28.5% dry volume
Shrinkage water .........ccvovssnnanes 17.7% Linear shrinkage ........10.6% dry length
POTE NEDBP e ruseafels s mia Sal dinia e s arera 23.1% Dry condition ........... Good

Water of plasticity.......cvvvevvivian 41.4%

Fired properties Sample No. 148

Cone Color Condition LS.l |T.L.8.%d.1] V.8.%d.v. Abs,

A Por,

06 | Lt. bufl-brown | Light seum, soft 1.2 11.8 3.5 23.3 36.7
®2 | Dk. red-brown | Scum, good, 4.0 2.6 86.5 0.0 0.0
S.H.

Remarks: Best firing range: 04-02. Cone fusion: 3-4. High shrinkage,
short firing range.

Class of ware: Add nonplastic material for red and brown structural
wares.
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Great exposures of unconsolidated silt occur in benches along

the Kettle River near Orient. The hills rise rather steeply from
the water, and some bench remnants that have escaped erosion
are found at considerable elevation. Other lower benches form
flats above the present channel.

Sample No. 149 was taken from the property of Charles
Rogers, where the road going east up the Orient hill crosses thick
silt beds. It is a gray very fine material that shows only the
slightest cohesion or consolidation in dry lumps. It immediately
disintegrates to powder under pressure. Between the fingers it
is velvet smooth but is gritty when tested between the teeth.

Plastic and dry properties Sample No. 149

FPIARHCIEY . oo s ynis Very weak, silty Volume shrinkage ....... 6.49 dry volume
Shrinkage water ........c.covecvenanas 4,0%  Linear shrinkage ........ 2.2% dry length
POT@TWAIBE il vienaiuniseamasmak 26.0% Dry condition ........... Weak

Water of plasticity..........cicouunn 30.07%

Fired properties Sample No. 149

Cone Color Condition L.8.%d.] T.L.8.9%d.1| V.8.%d.v, Abg, A.Por.
06 | Buff-brown Weak, very soft 2.2 0.0 26.8 41.8
05 | Buff-hrown Weak, soft 2.2 0.0 25.8 40.8
01 | Dark red- Vitreous, 8.H. 12.8 15.0 3.7 1.8 4.1

brown
1+ | Brown black I-‘us.:cim started, 15.8 17.5 89.3 1.8 3.1
5.H.

Remarks: Best firing range: 04-01. Cone fusion: 3. Weak plastic and
dry strength; short firing range; slow to develop fired strength.
Class of ware: Slip clay.

Some of the silt was mined here years ago and shipped to a
pottery near Spokane, where it was used in common brown
glazes on stoneware. The nearness to a railroad of this and other
deposits in the vicinity makes them very accessible if a demand
for such material arises.

THURSTON COUNTY

Thurston County, near the central part of western Wash-
ington, has an area of 709 square miles. The extreme eastern
part is made of high hills that are outliers of the Cascade
Mountains; between there and the hilly western part is a broad
area of prairie and rolling lowland. Igneous extrusive rocks—
basalt and andesite—of Eocene and Miocene age comprise the
bedrock of a large part of the county. Extensive exposures
of these are in the more inaccessible eastern area, and there,
in favorable places, Cascade residual clays similar to those of
La Grande may be expected to occur. It is doubtful, however,
that any large deposits of that kind of material exist. In the
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western hills some residual basaltic clay has formed that is
similar to that sampled as No. 341 in Cowlitz County, but no
large deposits are known.

Extensions of formations better exposed in Lewis County
occur in the southwestern part of the county. These include
Oligocene sediments south of the Chehalis River and coal-
bearing Eocene sediments in the vicinity of Tenino and Bucoda.
Outcrops are not abundant, as the beds are commonly con-
cealed by surface soil and vegetation even in the driftless
area, but the strata are exposed in some places, particularly
along streams and in road and railway cuts.

Just north of Tenino extensive cuts along the Northern
Pacific Railway expose the Tertiary sediments. Shale pre-
dominates here, and is well situated for cheap mining. In
the NW cor. sec. 19, (16-1 W), a fresh cut, a quarter of a mile
long and more than 60 feet deep, shows at the bottom, 11 feet

of compact nearly black shale interbedded with three sand-
stone members, each being about 6 inches thick. The beds
strike S. 30" W. and dip 15° SE. Above these beds is some 50
feet of sliding buff-colored clay that has resulted from the
weathering of massive overlying shales. Mixed with the upper
clay is some glacial gravel that has slumped from the over-
burden on still higher disintegrated shales, occurring farther
west in this landslip area.

Sample No. 373 was taken of the unweathered shale and
is very dark bluish gray in color. It is practically free from
any but the finest grit and is fine-grained, very compact, and
hard.

Plastic and dry properties Sample No. 373

BLASEICEEY vt viistine i v st b lwsiwha s risrata s a At Fair Volume shrinkage .......22,6% dry volume
Shrinkage Water ... s dveassissais 11.6% Linear shrinkage ........ 8.2% dry length
Pore wWaber s a0 14.1%
Water of plasticity.........c.oiiivaes 25.7%

Fired properties Sample No. 373

Cone Color Condition L.8.g0d). |T.L.8.9%d.). V.8.%d.v. Abs. ‘ A.Por.
016 | Buff-brown | Good, hard 1.5 0.7 4.2 15.4 8.8
06 | Lt. brown- | Good, hard 2.3 10.5 (A 18.8 27.0
red |
4% Brown-red ' Good, slight 3.2 1.4 0.4 2 19.
| ., Eeam, S.H.
2 | DE. red-brown Vitreous,
l vesieular, 8.H.

'I_{?; e e S R .!‘.‘: If.ll‘.l

Remarks: Best firing range: 08-04. Cone fusion: 3. Develops best
body and finally fuses at low temperatures.

Class of ware: Brown and red structural wares.
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Weathered shales are exposed at several places in cuts along

the county road near the above location. Considerable slump-
ing of higher clay has rendered structural data uncertain.
Glacial gravels form a heavy overburden in part, but the shale
in some places could be easily removed in great quantities with-
out excessive stripping.

Sample No. 374 was taken from a bank 40 feet high and 300
feet long about 100 yards northeast of the location of No. 373.
It is an irregularly stained greenish-gray and brown material
that is much jointed and spheroidally weathered. Some sand is
present, but most of the sample is “fat” and free from grit.

Plastic and dry properties Sample No. 374

PRSI s s vnnd s ot o dusvrs Fair Volume shrinkage ....... 36.0% dry volume
Shrinkage water . ...ciiiiiiviniioress 21.6% Linear shrinkage ........ 13.8% dry length
Pore 'Water .....coqsesmnesrnsrvsnrrey 23.8%
Water of plasticity........ AT A 4549

Fired properties Sample No. 374

Condition l L.B.9.1, |'l‘,[‘.5,%!l.1. V.B.5ed.v, Abs, A.Por,

T T
Cone | Color |
=== ! | |
*4* Red-brown Surface eracks, 3.0 16.8 8.0 A | 26.7
hard |
2 | Red-brown Surface cracks, 9.1 2.9 24.9 (%3 | 13,4
| S.H.
0% Brown-red Vesicular. 7.0 ‘ 21.4 ca ek 3.9 8.7
| | fused. S.H.

Remarks: Best firing range: 05-1. Cone fusion: 3-4. High dry shrink-
age.
Class of ware: Need nonplastic material for red-brown structural ware.

The outer limit of the great Pleistocene ice sheets that cov-
ered the Puget Sound region was well south in this county. So,
aside from the higher hills and the narrow strip south of Tenino,
the whole county is covered with glacial sediments. The clays
have their best exposures in the sea cliffs bordering the inlets
of Puget Sound. At other places gravels are likely to be too
abundant for economical clay operation. The clays ocecur in
similar manner to those found elsewhere throughout the Sound
region, and they are practically identical in physical properties
with the rest. Reference may be made to descriptions of the
glacial clays of King and adjacent counties for data on this type
of clay.
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WAHKIAKUM COUNTY

Wahkiakum County includes an area of 267 square miles
fronting on the Columbia River in southwestern Washington.
The region has considerable relief and is sparsely settled except
in the river valleys. The formations here are continuations of
those occurring in Pacific County, and consist of Eocene basalts
and interbedded sediments, Oligocene sediments, Miocene basalt
and sediments, and Willapa Pleistocene terrace deposits. The
shales are of marine and brackish-water origin, and, as they are
red firing and have a moderate fusion point, they probably have
little economic value for anything but local markets. The ter-
race deposits are unusual in that they contain, at least in one
locality, buff-firing clays. In general, however, the most abun-
dant surface material is a colluvial clay that has been somewhat
worked over by streams. This material is mostly derived from
basalt and has a reddish-brown color from the high content of

iron oxide. Such clay is slightly and irregularly sandy and gen-
erally has an earthy texture, but makes very satisfactory brick
and drain tile.

Sample No. 305-A, representative of the last-mentioned clay
type, is from sec. 7, (8-4 W), about 2 miles west of Cathlamet.
It is a friable reddish-brown clay that is almost identical in
appearance with sample No. 341 from Cowlitz County. The
colloidal brown mineral of the beidellite group is particularly
noticeable.

Plastic and dry properties Sample No. 305-A

Prastielty <o e s e T Fair  Volume shrinkage ....... 23.3% dry volume
Shrinkage water ..........ccevivenvans 14.3%  Linear shrinkage ........ 8.59 dry length
b v ) O (KU S e 25.1%

Water of PIAGHCILY .. .. covrennvmmmmsan 39.4%

Fired properties Sample No. 305-4

1
Caone Color Condition L.8.9% 1L |T.L.8.%d.1| V.85d.v. Abs. A Por.
010 | Buff-brown Weak, very soft 0.9 0.4 2.8 5.3 47.8
06 | Light red- Weak, very soft 1.2 0.7 3.6 90.7 47.0
brown
01 | Brown-red Good, hard 5.8 13.8 15,1 20.7 48,2
10 | Dark purple tiood, hard 8.1 16.6 2.4 16.4 3.8

Remarks: Best firing range: 01-8. Cone fusion: 15. Firing shrinkage
high. Requires higher temperature than usual.
Class of ware: Red and brown structural wares.

A mile north of Skamokawa, near the center of the El4 sec. 8,
(9-6 W), a landslide has exposed a great thickness of shale for
400 yards along the sides of a ravine. It is thick-bedded and dips
35° SW. Two kinds of material are most abundant, one rather
smooth and the other sandy.
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Sample No. 303 is a soft shaly rather carbonaceous sandstone.
It is bluish to greenish gray in color, moderately fine textured,
and uniform. Aluminum sulphate is present in sufficient quan-
tities to form a frost of needle-like crystals on the surface of
drying lumps.

Remarks: A fair degree of plasticity was developed. The sample
should be further tested for low-temperature red-brown structural wares.
The cone fusion temperature was cone 6 minus.

Sample No. 304 is a grayish-buff to brown shale. The texture
is fine and uniform and rather smooth in spite of some sand.
Dried lumps are very compact but brittle.

Plastic and dry properties Sample No. 304

PIRNHICIET v s s i a i ey ol Fair Volume shrinkage ....... 28.7% dry volume
SHINKAFe WaAter ...ci:vuincrvsise e 17.9% Linear shrinkage ........ 10.77 dry length
POTE WAL & i S s e b e o 25.6% Dry condition .......... Medium strength
Water of plasticity......ooiviiviinnss: 43.5%

Fired properties Sample No. 304

|
Cone | Color | Condition L.8.%d.1. |T.LS.%d.).| V.8.9d.v. Abs, A.Por.
| |
08 | Buff-brown Woak, soft 1.8 12.5 5.3 25.4 4.4
03 | Buff-red Good, hard 17.1 18.0 14.9 2.0
01 | Bright brown- | Good, S.H. 0.2 19.9 25.2 12.0 2.0
|  red
3-4* Bright brown- | Good, S.H. 10.4 2.1 ‘ 28.0 1.1 I 2.3
ret
6-7* Bright brown- | Good, 8.H, 2.1 | 11.4 80.4 6.0 [ 1.6
| red |

Remarks: Best firing range: 06-7. Cone fusion: 9-10.
Class of ware: Brown and red structural wares.

A very promising Willapa Pleistocene clay occurs in one of
the terrace deposits and may exist in considerable quantity in
this vicinity. Owing to some local conditions when the clay was
deposited, there accumulated here a material of much greater
purity than has so far been found in any bed of similar origin
in western Washington. It is expected that future prospecting
may prove an extent and depth that will make this clay
commercial.

Sample No. 306 was taken from a small abandoned prospect
pit on the Watkins farm, about three-quarters of a mile north
of Cathlamet. The location is on the edge of a terrace that
extends for some distance toward the hills and has an elevation
of about 150 feet above the Columbia. Because of the condition
of the pit, no idea could be had of the deposit other than is
shown by the sample. A quartzite pebble, an inch in diameter,
in the sample indicates what may prove to be a detrimental
feature of the deposit. Two feet or so of soil forms the only
overburden. The clay is a soft bluish-gray material that is tough
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and plastic. The texture is fairly fine and uniform, yet some-
what gritty.
Plastic and dry properties Sample No. 306

PIRROIG e st s s e a e e s miaeTs Weak Volume shrinkage ....... 24.5% dry volume
Shrinkage water ......cooiveviaaninin 14.1%  Linear shrinkage ........ 8.9% dry length
POre WHTET: o aiha s sl uaalreissutas s dunes 13.2%;, Linear shrinkage ........7.8% wetlength
Water of plasticity......cocoiiiiiais 213% Dry condition.;.......... Fair dry strength

Fired properties Sample No. 306

|
Cone | Color Condition LS.9dl [T.L.S.%d.1| V.8.9d.v. Abs, | A.Por.
04 | Light buff Good: Bard |l bovsirsa e 17.0 35.8
(2 | Light buff Good, hard 12 0.1 3.5 16.5 30.1
01-1 | Light buff Good, hard 21 | 1o 6.2 15.8 2.4
4-4%| Light buff Good, SH. 3.8 12.7 10.9 19.8 %5
6% Gray Good, S.H. 49 | 186 13.5 10.2 19.0
12% Brown Good, S.H, 5.8 14.7 16.5 1.2 2.7

|
l

Remarks: Best firing range: 04-12. Cone fusion: 23. Plasticity may
be increased by fine grinding in water.

Class of ware: Buff structural ware. Terra cotta when mixed with clays
of better strength.

On the farm of T. M. Bowman, a quarter of a mile north of
the Watkins pit, clay was encountered in sinking a well. The
report is that “under 28 feet of overburden is a 22-foot bed of
very tough clean gray clay. This is underlain by sand.” It is
said that the clay contained very few pebbles and that it cor-
responded with that found to the south on the Watkins farm.

A gravelly gray clay is exposed in a cut, three-quarters of
a mile from Cathlamet, on a logging railroad grade. This is
not far from the locations mentioned just previously, though
considerably lower in elevation. The cut is 50 feet long and, at
its maximum, 5 feet high. The pebbles are rounded and mostly
small, but some are as much as 2 inches in diameter. All those
other than quartzite are decomposed and softened. A large
amount of clay is available, but the pebbles would prove an
objectionable feature in working this deposit.

Sample No. 305, from this cut, is gray in color and dries to a
rather light shade. The texture is very uneven, some of the clay
being firm and very tough and plastic, while the rest is highly
sandy and friable.

Plastie and dry properties Sample No. 305

PIESHIOIEY, ocoicusshmmnsntoaeninanesnse Good Volume shrinkage ....... 22.2% dry volume
Shrinkage WAtET . .. veniniavs i 11.7% Linear shrinkage ........ 8.07% dry length
POre: Water! . ks isssiia s arioia 13.5% Dry condition .......ii. Strong bars
Water of plasticity...............c.0. 25.2%
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Fired properties Sample No. 305

Uone Color Condition 1 L.5.9%d.) |'T.LS.%d.1| V.8.9d.v, | Abs. A Por.
|
07 | Light buff Weak, sctt l Lo [ Vs 0.0 17.3 30.2
™ | Lt, red-buff = R L I e e B B s e 153.5 29.0
2 | Lt. red-buff Good, hard 2.5 10.7 1.8 15.7 29.8
01-1 | Buff Goody el  [isnsiie s s S 15.0 24.3
#4* Buff-brown Good, S.H. 12.5 4.3 12.3 10.8 21.4
6-T* Brown Good, 5. H. b.1 13.1 4.4 6.0 13.6
10 | Gray-brown Vesicular, 8.H. 3.9 1.9 1153 1.6 2.9
12%| Deep brown Vesleular, S.H., 2.2 10,2 6.3 2.7 4.0

near fosion |

Remarks: Best firing range: 05-7. Cone fusion: 14.
Class of ware: Brown structural ware.

WALLA WALLA COUNTY

Walla Walla County is in the southeastern part of the State
and includes an area of 1,265 square miles. The topography
varies through level plains along the Columbia River and rolling
hills in the middle country to high mountains of the southeastern
part. Basalt forms the bedrock throughout the county, and only
ordinary red-firing clays are known to occur. In a few places,
as in the western part of the county, are loose gray silty sand-
stone and clays, a part of the Ringold formation which occurs
so extensively in Franklin County. Other beds, similar to the
Ellensburg formation, are doubtless present, and one body
probably of this kind, intercalated between flows of basalt, is
mentioned by Russell®:

“At a locality on the south side of Walla Walla Valley, about
midway between Walla Walla and Wallula, the upper portion of
a bed of fine clay beneath basalt is open to view for a short
distance. The thickness of this bed that is exposed to view is
only about 4 feet, but its total thickness is unknown.”

The common surface material covering the basalt—in some
places to great thickness—is a structureless to rudely stratified
variable deposit. In the western part of the county it is rather
loose and sandy; in the central section it shows an increase in
fineness and contains much silty clay, the whole being light and
fluffy; and in the eastern part a heavy reddish-yellow clay pre-
dominates that is similar in appearance and origin to the Palouse
clay of the counties to the northeast.

Clays of the Ellensburg or Ringold formation are used for
ordinary structural ware in Yakima County (see pp. 332/335),

1) Russell, 1. C., A reconnaissance in southeastern Washington: U. S. Geol. Survey
Water Supply Paper 4, p. 51, 1887,
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and it is possible that beds in western Walla Walla County, such
as are exposed in some railway cuts, would be satisfactory for
brick and tile. Recent alluvial clay occurs in the Walla Walla
and Touchet valleys and is suitable for red-firing ware. It was
used for a good grade of brick and tile by a plant that formerly
operated at Walla Walla. Palouse clay is used in Spokane County
(see pp. 276-278) and was formerly used in several Whitman
County brick yards. So abundant clay is available for common
red-firing ware to fill the needs of any local market.

WHATCOM COUNTY

Whatcom County, in northwestern Washington, has an area
of 2,082 square miles. It is largely a rough, mountainous area,
although broad valleys and lowlands separate the hills of the
western part. The county extends from tidewater to the summit
of the Cascades and includes many formations and varieties of
rock. Granodiorite occurs over a large area in the eastern part
of the county. Good clays could result from the decomposition
of such rock, but erosion in this mountainous part is too active
to allow deposits to accumulate. To the east and west of the
granodiorite area are extensive areas of metamorphic rock—
argillites, slates, quartzites, and schists. These are not materials
from which usable clays commonly form. So the clay resources
are confined to the Tertiary shales and glacial sediments of the
western part of the county.

COMMON SHALES

The shales of the county are of two types, both belonging to
the coal-bearing fresh-water Chuckanut formation of Eocene
age. The most abundant is a dark-gray sandy shale that weathers
buff, commonly exposed with sandstone in excavations and road
cuts. This material is red firing and suitable for ordinary struc-
tural wares. The other type of shale is known to occur only in
the vicinity of Sumas, where it has been mined for many years
and has furnished a large tonnage for the use of the ceramic
industry.

A sample taken at the Bellingham Coal Mine, in Bellingham,
is representative of the better class of the more abundant shales.
This shale forms the roof of the main coal bed and could be
easily mined with the coal. The general relations are shown in
the following section:
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Section of strata at Bellingham Coal Mine
Surface of ground

Pleistocene (glacial) Feet
GTravelly SOl OTaY o s e waims e s shalvms siseis s sl e ot 12
Sand and gravel, water-bearing. ........c.coveniensinens 22
Blue Clay- il fr e s e s e i Sl e et v e 100
Sand, Bravel, S0me ClAY . «xicnivsisinmiras st s mse orasseta e 130

Unconformity

Eocene
S ATYEIREOTIE 2L11, o /kra a5 s M SPA7 = o At N e VSN i e el 15
Very dark gray shale. (Sample No. 393)..........00000.. 12
(037c - L) £, 5l 0= Fag 30 v 41N U S B e BRI e DY 14
] R e e (e A A T UM A T T AP L

The structure is very regular, the beds striking S. 28" E. and
dipping 10° SW. In mining, an incline of 18° is used to reach
bedrock, after which the slope conforms to the bedding.

Sample No. 393 is a very dark gray, nearly black, massive
shale. The texture is very fine and uniform, and the material is
nearly devoid of sand. It is compact, and although hard, is
brittle, breaking with a fine subconchoidal fracture.

Plastic and dry properties Sample No. 393

PIastiCity ...ccrvrevsmmesvensnrossneres Good  Volume shrinkage ....... 17.4% dry volume
ShrinlCage Wathr .......c-opnnmeesseas 7.2% Linear shrinkage ........ 6.2% dry length
R e L 12.7%
Water of plasticity.........cvvvvennen 19.9%

Cone | Color Condition L.8.%d.] |T.L.8.%d.1l| V.8.9xd.v, Abs, A Por.
lﬂ HBrown-bunft Good, hard 2.0 8.2 5.6 13.5 28.8
| Brown 8.H. G4 12.4 18.1 5.8 145.4
Ilurk hrown Vitreous, 7.5 13.7 %8 3.2 .1
good, S.H. |

Remarks: Best firing range: 07-2+. Cone fusion: 15. Promising ma-
terial.
Class of ware: Brown structural wares.

Formerly a brick and tile plant operated at Grandview Sta-
tion on the Great Northern Railway 4 miles south of Bellingham.
The shale that was used is part of the Chuckanut formation and
occurs under steeply dipping beds of sandstone which form the
sea cliffs at this place. The material mined was sandy and non-
uniform and contained an abundance of large concretionary
masses. The beds strike S. 42° E. and dip 55° SW., or toward the
plant, which was at the foot of the bluff.

Sample No. 394 was taken of the rock last worked—a mate-
rial more nearly sandstone than shale. It is laminated, dark
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gray to nearly black in color, and is composed of fine sand grains
in a clayey cement. Pieces are moderately compact and break
in slabs along the bedding planes.

Plastic and dry properties Sample No, 394

PIASHCHY. voinisopuuusmnin s sespasilodans Good Volume shrinkage ....... 14.5% dry volume
Shrinkage water ......ccvveiiaiionins 8.5%  Linear shrinkage ........ 5.1% dry length
Pore Water - 5. o il s el e 19.0%
Water of plasticity.......ccvvvnnranns 21.5%

Fired properties Sample No. 394

(.‘nn:-! Color |  Condition L8gd). [T.LS%dL VS%dy. Abs. A.Por.
05 | Brown-red Good, hard 4.0 | 9.1 11.5 17.1 81.6
02 | Red-brown Good, 8.H - 6.6 1.7 18.5 10.8 2.3

1| Dk. red-brown | Vitreous, 0.9 15.0 26.9 3.6 8.3

| good, S.H.

Remarks: Best firing range: 05-01. Cone fusion: 3.
Class of ware: Formerly used for red-brown brick and tile.

The shale quarry, now abandoned, extends 125 feet along
the bluff and has a working face about 150 feet high. The deposit
was worked by stripping 10 feet or more of massive sandstone
from the face of the bluff and then quarrying the sandy shale and
shaly sandstone which intervenes between the member removed
and an underlying sandstone. Sufficient shale is available for
several years’ running, but the deposit is not large; to work
laterally along the strike would entail expensive stripping;
while long continued quarrying across the beds would mean
the use of new, unproved shales, eventually the undermining
of the highway, and finally the encountering of massive sand-
stone.

SUMAS SHALES

A series of interbedded shales, sandstones, and conglomerates,
that has properties quite unlike the ordinary beds, forms the
basal part of the Chuckanut formation near Sumas. The base
of the formation is exposed in only a few places in the county;
it appears on Lummi Island, on the south end of Lookout Moun-
tain, on the east shore of Samish Lake, and at some other loca-
tions, but in all these exposures the lower shales are similar to
those commonly found throughout the 12,000 to 16,000 feet of
strata that comprise the formation. In other words, they are
muddy-appearing red-firing, moderate-fusing materials having
no outstanding properties of particular value. In the vicinity
of Sumas, however, the basal section contains bright-red plastic
shales, turquoise-blue flint clays, and clear-colored bluish-gray
fire clays. Some 16 percent of the argillaceous members are buff
firing and are refractory or semirefractory. The total area cov-
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ered by the Sumas series is not known. The strata was deposited
on a surface that had considerable relief, and lower beds may
be interrupted by projecting masses of older rock. Most of the
formation has been eroded, and detached remnants, commonly
separated by metamorphic and igneous rock, are all that remain
of a formerly extensive series of beds.

In the canyon of Saar Creek, 3 miles southeast of Sumas, in
the SEY4 sec. 12, (40-4 E), the pre-Tertiary thin-bedded slaty
argillites and quartzites, upon which the Sumas series was de-
posited, are well exposed. Above the well-marked unconform-
ity, is a massive basal conglomerate; this, in turn, is overlain by
shales and sandstones. The series is very well stratified; indi-
vidual beds are uniform in texture and composition, and they
are fairly uniform in structure. The average strike is N. 20° E.
and dip, 35° NW. The creek cuts the series at approximately
right angles to the strike, and a fairly accurate stratigraphic
section may be measured along the bank and in the tunnels and
prospect cuts of an old clay mine. Farther downstream, out-
crops are concealed by soil and vegetation, and at the edge of
Sumas Valley the dip of the strata takes the beds under the
alluvial flats.

The series reappears across the valley 414 miles to the north
in British Columbia, on the south end of the Canadian Sumas
Mountain. There, the name of Huntingdon formation has been
given these beds by Daly®, who suggests that they should be
correlated with the Puget group (Eocene) and calls attention
to the fact that they are apparently of the same nature and age
as the coal-bearing rocks in the Hamilton and lower Nooksack
Valley districts south of the international boundary. The beds
north of Sumas Valley, where not slumped, strike N. 50° W. and
dip, 14° SW., indicating that the series is involved in a broad
westward-plunging syncline, the axis of which underlies the
alluvium-filled Sumas Valley.

The Sumas series differs somewhat in origin from the rest
of the Chuckanut formation, of which it is a part, as is shown
by the unusual physical properties of the shales. It is composed
of lacustrine sediments that accumulated mostly in moderately
deep water. At least part of this material was supplied by
streams, possibly an ancient Fraser River, that drained an area
in which such rocks as the Sumas granite and the Chilliwack
granodiorite predominated. When the high-alumina clays ac-
cumulated there could have been little if any connection between
this lake and the water bodies in which were being deposited the
mixed, impure detritus that makes up the usual Chuckanut

@ Daly, R. A., Geology of the North American Cordillera at the forty-ninth parallel:
Canada ‘Dept of Mines Geol. Survey Mem. no. 38, pt. 1, pp. 519-520, 1912,
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strata. Thus, the Sumas shales are of relatively local occurrence;
they are lower in impurities than the heterogeneous mixtures
comprising the rest of the formation; and they have the refrac-
tory property that would be expected from clays derived from

feldspathic rocks.

Stratigraphic section of Sumas series

D-R®
No, Top of section concealed Feet
1. Shale, coarse, concretionary (red-firing)...... T s e 50+
CONEIOMETHTE soiitranaialisin s Sin s alenal ataia e s s s o w 1b
2, Shale, sandy (low-grade dark buff-firing fire clay) ......... 12
ConHIOreratass. (OSNa Tk )2 L R R s e 20
o Shale, sandy (red-firing medium-plastic) .................. 10
Shale, reddish-colored Sandy......vvvvivvevnervnaevnrnens 20
4-A, Shale (plastic, SIOHATTO B=A). ..vvvrs sernenomeeemesmmess 3-6
S P L e st o s 3 e A 2L O Lt o A A 10
4, Shale, sandy greenish-blue (low-grade fire clay)........... 10
e L e 15
5. Shale®, blue, fine-grained (main bed worked for fire clay;
ba Tl b{Fy oty o) £=io s e DS PR e A A R ) A e S 4-12
Shale, mottled red and yellowish (low-grade fire clay).... 20
6. Shale, yellowish (low-grade plastic fireclay).............. 6
Shale, yellowish (semiplastic).........cooviuiinininrenn. 12
6-A. Shale®, yellowish-blue (plastic fireclay).................. 4
CongloMEratie SAHABTONE oo\ v es i os v s lsmt almmeie. calr o7d s 40
16. Shale®, fine-grained, light-blue (fire clay).
L b b e R o A S A M AT R P e P R e 0-17
16. Shale, spotted light-blue (low-grade plastic fire clay)...... 12
16-AA. Shale (fire clay similarto 17-A) ......ccoiiiiiinrinrnennnns 115-2
STIEo ro| M) 0 (o e e AT Py e el e RS S B 3
17. Shale, blue, red-mottled (plastic).........ciciviviiiinian 20
17-AA. Shale®, blue sandy (plastic fireclay)........cvvivvnvnnnnn 2-3
S A B T B e e e e SR T . 1 1 a9 i mram 5
17-A. Shale, blue sandy (fire lay)... . ciiieveininrsvninamassan 1-2
B A T O e s e v het et ot £l ) S i 45 S TR ¥ sca) = s e 4
17-B; = Shale sl a0 B et i is mimisie elbelslsiiece oa sm el erarer s +
Sandstone; carbonaceous partings..............iiiiaiian, 4
18. Shale®) fine-prained ((DPIASHIC) . . oo s o sraiesists s st s 11
Sandstone; carbonaceous partings................co0iiiunn. 4-5
19. Shale, iron-stained (very plastic).........ccocviiiniuninn. 12
20. Shale, light-blue (“flint fire clay”)......covvveivennennnnn 3
21. Shale, fine, even-grained, red..........c.ovvuvuunnneeneennns 30
Sandstone and fine conglomerate® (“ganister”)............ 40

b l@}13 -R numbers are those by which the Denny-Renton Clay & Coal Co. designated
e beds.
:Tested as sample No, 207.
Tested as sample No. 203.
Tested as sample No. 204.
Tested as sample No. 208.
%) Tested as sample No. S-18.
7) Tested as sample No. 206,
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Stratigraphic section of Sumas series—Continued

D-R®
No. Top of section concealed Feet
22, nd S P O B o o 5 oM T o & e B e D L oo 3-4
23. Shale rednstainsd) oLl et T e Bk bt L) 10
24. Shale; sandy STea: . . b b Vs ar e R e s e s e sre Tl 5
N EIOTET AT b ls e o e e st o o i i s et 3
SROIE, Dok, S0 et e B TN 0 B L SN RN e by o
Conglomerate: pebbles average 1-2 inches in diameter and
are as much as 18 inches at baseof bed................ 80
FoWale) Gopdicer:aes] b N POt 1. SO et S O 525
Unconformity

Argillite and guartzite, thin bedded, slaty.

Beds of the Sumas series crop out or have been exposed by
prospect pits or tunnels at several places in T. 40 N., R. 5 E.;
in the SE1{NW1/, the S1,NE14, and near the S. line SW1/ sec.
7; in the SW1/ sec. 5; in the N1% sec. 8; in the SW14 and SW1j-
NE'Y; sec. 17; and in the NW14{NW14 and SW14 sec. 18. The
largest, most persistent exposures are in the canyon of Saar
Creek in the SE1/] sec. 12, (40-4 E), where, for many years, the
old Denny-Renton Clay & Coal Co. operated a clay mine. In all,
the series is known to occur throughout 2 or 3 square miles in
this vicinity. It is possible that the beds may continue in the
direction of their strike into the region to the south and west.
This adds an area of some 4 square miles in the vicinity of South
Pass and to the northwest of it and Breckenridge Creek, that is
favorable prospecting ground. It includes a region of moderate
relief immediately north of Sumas Mountain—an area that is in
marked contrast to the surrounding country but in keeping
with the relief to be expected from a formation that is 60 per-
cent shale.

The workings, now abandoned, of the Denny-Renton Clay
& Coal Co— in the SE1} sec. 12 (40-4 E)—are on the southwest
side of Saar Creek near the Chicago, Milwaukee, St. Paul &
Pacific Railway trestle. Two main drifts were used, the longest
running some 500 feet on their No. 5 shale. (See “D-R numbers”
on the preceding stratigraphic section.) Two auxiliary tunnels
also were used, and an incline from one of these connected with
the standard-gauge track below. Coal-mining methods were
employed, and shipments, ranging from a car a day to consid-
erably more than that amount, were made to the Renton and
Van Asselt plants of the company. The red-firing shales, though
some were of excellent quality, were not mined, but the buff-

(0 D-R numbers are those by which the Denny-Renton Clay & Coal Co. designated

the beds.
(® Tested as sample No. 205.
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Ficure 5—Map showing location of clays sampled near Sumas, Whatcom County.

Occurrences of clays of the Sumas series are shown by black squares; adjacent numerals
indicate sample numbers,

firing and refractory types were used in terra cotta, fire clay,
and other bodies.

Sample No. 207 (Denny Renton’s No. 5) is from one of the
upper beds of the Saar Creek exposure. This member ranges
from 4 to 12 feet thick and is the one that was most extensively
mined. The sample is indicative of the near surface part of the
bed, but farther underground a No. 1 refractory was obtained
from this same bed. The material is a massive shale, dark grayish
blue in color, very fine grained, and free from sand. It is hard
and breaks with a subconchoidal fracture.
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Fired properties Sample No. 207
I‘om" Color Condition 1.8.%d.1. E'l‘.l..S.%nI.I. V.8oudv.| Abs A.Por
— = i S|
06 ! Light buft (i o) o M0 ol S ] e M5 (I S e (R 15.7 20,6
| very soft
01 | Light buff GBI, [ bk e wis e e s wce sl b wleebs s s e 15.0 29.0
| very soft
3-4* Lt.-brown-bufl | Orombly, BOfLt | . .ciiivviifasisinnnsinfaniassaanies 14.2 o7
4 | Brown-buff Crumbly, soft 1.5 6. 4, 18.5 20,9
10 | Buff-brown Good, hard 2.9 6.7 6.4 12.5 .4
I_""i Deep brown Good, hard 2.2 . fi. 6 11.53 2.7

Remarks: Best firing range: 10-15. Cone fusion: 23-26, bloated.

Sample No. 203 (Denny-Renton’s No. 6-A), from Saar Creek,
is a varicolored medium-hard shale, 4 feet in thickness, that
overlies a 40-foot conglomeratic sandstone member. The shale
is predominantly yellowish green but has stains of purple, brown,
and yellow on the joints. The texture is fine and uniform, and
the material contains very little sand.

Remarks: When tempered with water, a fair plastic strength is de-
veloped. Hard bodies are produced when fired between cones 02 and 10. As
cone 28-29 is the fusion point, a No. 2 refractory brick can be made from this
sample. The fired colors are buffs and browns.

Sample No. 204 (Denny-Renton’s “Tiger 16”) from Saar
Creek, is of a light bluish-gray shale that is absent in some places
and as much as 7 feet thick in others. It underlies the conglom-
erate mentioned above. This shale member is nonuniform in
texture and is moderately hard. It is partly very smooth, but
contains layers and lenses of a friable material that is virtually
fine-grained clayey sandstone.

Plastic and dry properties Sample No. 204

o ST e e e e P e Good Volume shrinkage ....... 17.7% dry volume
Shrinkage WaLer . ....cconrmnressmssss 9.1% Linear shrinkage ........ 6.3% dry length
| %50 TR TR N B e, ] 12.1% Linear shrinkage ........ 4.9% wet length
Water of plasticity.....corevensnnnnas 212%  Dry condition ...........Good dry strength

Fired properties Sample No. 204

' LS, |

Cone | Color Condition L.5.9%q4.1.| V.8.9d.v. Abs. A.Por.
—— b - _—— e
|
012 | Lt, purple-gray| Soft, weak | ciiiciieiiafiiireraianasfonsaaniiines 16.8 30.8
01 | Cream Soft, weak 0.2 16.8 8.3
4% Lt. buff Soft, weak 15.4 82.3
7% Bufl Soft. weak 1.2 15.0 28,2
10 | Spotted buff Good, hard 1.3 13.9 26,1
12*| Buff-brown Good, hard i § 12.5 22,1

Remarks: Best firing range: 10-15. Cone fusion: 28.
Class of ware: No. 2 refractory. Finer grinding may reduce required
firing temperature for buff structural ware.

Sample No. 208 (Denny-Renton’s No. 17-AA), from Saar
Creek, is from a 2- to 3-foot bed of very sandy shale. It is a
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bluish-gray material with abundant red grains; these latter are
altered from femic minerals in an originally arkosic sandstone.
Dry lumps are moderately hard.

Plastic and dry properties Sample No. 208

I SEEToAte AT TS 8l R e il e Weak Volume shrinkage........ 8.19, dry volume
Shrinkage water .....ccciiuiviiiniins 39% Linear shrinkage ....... . 2.8% dry length
POTE WATBE s sismiaiianisan s i ... 94% Dry condition ..........Weak dry strength
Water of plasticity .........coocuuvins 13.3%

Fired properties Sample No. 208

Gone| Color Condition ‘ L8.%d.]. |T.L8.9%d]1| V.8.0dv. Abs. A.Por.
! | i
010 | Lt. purple-gray| Weak, very soft 0.2 | 2.6 0.6 | 155 20.7
(2 | Lt, gray Weak, soft -0.3 2.5 -0.9 16.6 .4

Remarks: Best firing range: 6-12. Cone fusion: 23. Poor plastic and
dry strength which may be bettered by finer grinding, with water,

Class of ware: Gray and brown structural ware.

Sample No. S-18 (Denny-Renton’s No. 18), from Saar Creek,
is from an 11-foot shale member. It is a fine-grained uniform
material of bluish-gray color.

Plastic and dry properties Sample No. S-18
Plaatledhys. e e e et Good  Linear shrinkage ..........4.7% wet length
Water of plasticity.................. 26.3%

Fired properties Sample No., S-18

(C'one | Color Condition ‘ L8.%d.] |T.L.8.%d.l.| V.8.9.d.v. Abs. | A.Por.
M2 | Gray-buff NEryLiBofl: il dishiien s s s esi s
01 | Light buff £ ot et TV I OL ] et i ] PR el o it
5-4*| Light buff e RERA NS e e b s S T e R e
7% Light buff Good, hard 3.4 3
12*| Brown-buff Good, S.H, 4.1
15 | 8potted brown | 8. H: | iiiseceiisasfess

Remarks: Best firing range: 4-15. Cone fusion: 26.
Class of ware: Buff-colored structural ware.

Sample No. 206, from Saar Creek, is from a 40-foot bed of
argillaceous sandstone and fine conglomerate. In the latter the
pebbles are predominantly quartz or white quartzite and are
mostly less than one-half inch in diameter. The material is
rather friable.

Plastic and dry properties Sample No. 206

Rt ey i T e e e a e Weak Volume shrinkage ....... 2,29 dry volume
Shrinkage water ........ccovuvseernnnse 1.2% Linear shrinkage......... 0.7% dry length
POTe "WALEE ....vvomsvsnnnsssanenesases 17.3% Dry condition ........... Weak

Water of plasticity.........ccvvivuenn 18.5%
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Fired properties Sample No. 206

Clone Color Condition I 1.8.%d.1. 1‘,!..8.%d.l.| V.B.%d.v. Abs. A.Por.
|
03 | Light gray BTy i e I [ T e Y en e s 16.2 50.4
very soft
1 | Light gray Crumbly, 0.5 1.2 | 1.4 15.5 28.3
very soft
5-4*| Light buff Crumbly, soft 1.0 1.7 | 3.0 15.9 32.7
li-?"l Light buff Crumbly, soft 1.6 2.3 4.8 15.0 8.2

Remarks: Cone fusion: 26-27. Very poor strength.
Class of ware: Could be used as a siliceous nonplastic material with a
clay having excessive plasticity.

Sample No. 205 (Denny-Renton’s No. 22), from Saar Creek,
is from a 3- to 4-foot bed underlying No. 206. It is a bluish-gray
moderately hard shale that is almost free from grit. The texture
is very fine and uniform.

Plastic and dry properties Sample No. 205

Plagtiel by i i e e e R S e e B e 5 Good Volume shrinkage ....... 18.1% dry volume
Shrinkage water ......iiiciiesceession 949  Linear shrinkage ........ 6.4% dry length
POye WRLET i s snaniso s gsns s 13.9% Linear shrinkage ........ 4.69% wet length
Water of plasticity...........cconnnnes 23.3% Dry condition ........... Good

Fired properties Sample No. 205

Cone Color | Condition Abs, | A Por.
™ | Cream Soft 14.4 20,0
8-4* Light buff Soft 1E0 |easssisanss
6-7* Light buff Good, hard 11.2 | 226
10 | Light buff Good, hard 9.9 21.0
124 Brown-buff Gaoaod, hard 9.2 15.6

Remarks: Best firing range: 6-15. Cone fusion: 31.
Class of ware: No. 1 refractory and buff structural ware.

Prospect pits have been dug on some shale and sandstone
strata that occur in the west side of a hill on the old Smith
place. This is northeast of the Saar Creek workings and is near
the center of the N14 sec. 7, (40-5 E). The shales appear to be
in very thick beds, but further prospecting is needed to definitely
determine their extent and structure. They are advantageously
situated for mining and are one-third mile up the hill from the
Chicago, Milwaukee, St. Paul & Pacific Railway.

Sample No. 198, from the lowest of three hillside pits, is from
a thick stratum of dark reddish-brown shale. It is a highly fer-
ruginous material, almost devoid of ordinary sand but contain-
ing fine grains of magnetite. Itishard but very brittle and easily
shatters into small angular pieces with sharp conchoidal fracture.

Remarks: When dry-ground and tempered in the usual manner with
water, only a feeble plastic strength could be developed. In this condition it
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may be possible to mold ware by the dry-press process. Grinding in water
may develop better strength. When fired between cones 3 and 10, red-brown
colors are produced suitable for dark structural wares. The sample deformed
at cone 18-19.

Sample No. 199 is from a prospect (known as “S. P. No. 17)
some distance above the preceding one, where spheroidally
weathered shale is exposed. It is greenish buff colored and
stained to dark brown on joints. The texture is very fine and
uniform. It resembles sample No. 198 in being free from sand,
hard, very brittle, and breaking with a sharp conchoidal frac-
ture.

Remarks: Further fests should be made to develop a No. 1 refractory
body of this clay. Cone deformation point is cone 32. Plastic strength must
be obtained by addition of a plastic bond or by grinding in water in a ball
mill, or use must be made of the dry-press process.

Sample No. 200 is from a prospect (known as “N. W. No. 1")

still farther up the hill. This shale is almost identical with
sample No. 199 except that it has a bluish-gray color.

Plastic and dry properties Sample No. 200

Plasticity ..... e Loy oek ] s A e I SR Weak Linear shrinkage ........ 10.2% wet length
Dry condition ......... Weak (gum added)
Fired properties Sample No. 200
Cone Color Condition L.8.9%d.]. |T.L.8.%d.1, V.S.%d.\r.l Abs, A.Por.
06 | Brown-buff Good, S.H.- 5.5 14.7 28.5
05 | Lt. buff-hrown | Cracked, B H.— | .cooviriini]ircrnmiiiens oornerernnes | 13.2 2%.9
™ | Lt. buff-brown | Cracked, 8.H.- 69 | | 128 5.4
4% Deep buff Cracked, 8.H. 10.8 6.8 14.7
6 Deep bufl Cracked, S.H. 11.6 5.8 14.0
12% Deep brown Cracked, S.H. I LA Pk 1.4 21

Remarks: Best firing range: 02-12. Cone fusion: 31. Shrinkage is
high.

Class of ware: No. 1 refractory. Needs bond clay or the development
of plasticity by grinding in water. May be usable for dry-pressing.

Sedimentary beds crop out in the bed of Saar Creek near
the south line of the SW1/ sec. 7 (40-5 E). This is practically
within the right-of-way of the railroad. The strata are similar to
those exposed on the old Smith place and are probably continu-
ations along the strike. Massive sandstone, containing some con-
glomerate, is overlain by at least 6 feet of shale and probably
much more.

Sample No. 201 is identical in appearance with sample No.
198 from the Smith place.

Remarks: The plasticity developed by this clay, when ground and
tempered in the usual manner, is too poor for the handling of commercial
wares. It is possible that better plastic strength can be produced by wet-
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grinding, May be usable by the dry-press process. The fired color is dark

red-brown; the firing range is approximately between cones 3 and 10; and
the cone fusion point is cone 16-17.

Sample No. 202 is from a thin bed lying between No. 201 and
the sandstone. It is a hard, very brittle shale that breaks with
a sharp, hackly fracture and is blue in color with yellow and
reddish-purple mottlings.

Plastic and dry properties Sample No. 202

S0 (o b Al e g e o S e A Weak Volume shrinkage ....... 10.4% dry volume
Shrinkage water ....i.i.ooiiiinaian 5.19%  Linear shrinkage ........ 3.6% dry length
el oM T R AR S e S SR 10.0% Linear shrinkage ........ 2.1% wet length
Water of plasteity......ccovvemvivin- 15.1% Dry condition .........., Weak

Fired properties Sample No. 202

|
I.'lmu*i Qolor | Condition - | L 8.9d.], "T.L.8.%.). V.8.596d.v, Abs, A.Por.
06 | Lt. red-brown | Wenk, soft R A R e A e 16.7 2.7
01 | Buff-hrown Wenk, soft | 5.8 0.4 16.3 11.9 25.2
5-4*| Buff-brown Weak, soft 1 6.1 9.7 17.3 11.3 22.4
6-7* Buff-brown Weaki Bolt.  [adseisaedeadin s sniismana | snakad e 11.56 23.3
12* Dark brown Harid 5.4 9.5 16.8 11.8 qn.e
15 | Brown and Hard .t 10.2 18.5 11.6 2h.0
black
I

Remarks: Best firing range: 8-14. Structure, granular. Cone fusion:
23-26. Needs fine grinding with water or dry-pressing, and high tempera-
tures for fired strength.

Class of ware: Brown structural wares.

Considerable prospecting has been done in sec. 17, (40-5 E).
The first work was for coal, which is commonly associated with
the shales and sandstones of the Sumas series, though, so far, not
found in minable quantity; later, efforts were made to block
out sufficient tonnage of the high-quality, refractory shales to
justify mining operations. This doubtless could be done by drifts
along the beds, instead of crosscuts to intersect some stratum far
below its outcrop. The difficulty here is that the exposures are
on a steep mountain side where erosion has left only basal rem-
nants of the series, and these have not only been so folded that
dips range from 70° to 90°, but have also been involved in
land slips.

Sumas clay mine.—At present, work on the series is confined
to that being carried on by Gladding, McBean & Co. at the
Sumas clay mine. This property is on the highway in secs. 7
and 8, (45-5 E) where the company has 101 acres of clay land.
The strata in this vicinity are practically horizontal and are very
easily mined. The haulage way is in the SW. cor. SE14NEY}
sec. T; it has been driven N. 8° W. into the south slope of a hill
for 200 feet on a hard gray sandy mudstone. Some of this bed
has been taken out and shipped; it is a buff-firing material, not
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very uniform in physical properties, that contains reddish phases
similar to sample No. 198 from the Smith place, and abundant
coaly streaks and lenses. The fusion temperature is approxi-

mately cone 15. The principal work, however, has been on two
buff-firing beds lying over the haulage-way mudstone and
reached by raises. No. 1, the first of these beds, is a hard, dark-
gray mudstone, 5 feet thick, that has a cone fusion of about 20.
It is overlain by a variable thickness (up to 3 feet) of carbon-
aceous shale and bone, and above this is bed No. 8, from 5 to 10
feet thick, of nearly black, carbonaceous claystone that has a
cone fusion of 31. Mining is by rooms and pillars. The rock is
loaded into dump-cars, trammed 550 feet to a bunker and tipple
on a siding of the Chicago, Milwaukee, St. Paul & Pacific Rail-
way, and shipped to Renton for use in refractory and other
bodies. :

Across the international boundary the British Columbia ex-

tension of the series is being worked steadily at Kilgard. A
large well-equipped plant has operated there for many years,
making refractories, sewer pipe, face brick, and other high-
quality structural wares.

On the west side of Sumas Mountain is a peculiar deposit of
brown, ferruginous shale or mudstone that is called “hematite”
in this vicinity. Field relations have yet to be worked out; the
material may be a residual blanket deposit underlying the
Chuckanut formation but appears to be a thick, massive sediment
and so to be correlated with some bed, possibly that sampled
as No. 198, of the Sumas series. The deposit is reported to cover
as much as 2 square miles of this broken, precipitous part of
the mountain. It is well exposed at an elevation of about 800
feet in a ravine which crosses the NW14 sec. 2, (39-4 E). A few
included thin conglomerate layers show the strike to be N. 10°
E. and the dip, 35°-40° NW. No exposure of the bottom of the
bed could be found, so the total thickness, though probably great,
is in doubt. Overlying the ferruginous shale is a massive con-
glomerate bed that contains large pebbles and boulders and at
least one bed of interstratified black shale.

Sample No. 209 was taken of the ferruginous shale. It is very
hard, weathers spheroidally, and breaks with a conchoidal frac-
ture. The texture is fine and uniform. Except that the sample
is darker colored, it corresponds closely in appearance with the
red shales of the Smith place (see sample No. 198).

Remarks: The plasticity that developed when the shale was ground and
tempered in the usual manner was too poor for the molding of commercial
ware. It is possible that a better plastic strength can be produced by
grinding in water. A dry-press process may be applicable. The firing range
is very short: the cone fusion is cone 9; and the fired color is dark red-brown.
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Sample No. 210 was taken from another “hematite” deposit

farther up the mountain. It is chocolate brown to purple brown
in color and contains an abundance of disseminated rounded
grains of quartz and crystals of magnetite.

Remarks: Very similar in properties to No. 209, except that the fusion
point is cone 5.

PUGET SOUND GLACIAL CLAYS

Puget Sound glacial clays are abundant in the county and are
well situated for economical mining close to the centers of
population. Excellent exposures occur in the sea cliffs and in
the ravines that postglacial erosion has cut into the Pleistocene
sediments. Characteristic examples are on the south side of
Nooksack Valley above Cedarville, in the sides of Squalicum
Valley, and on tidewater near Point White Horn. Brick yards
have formerly operated in Bellingham on such materials. The
clays are similar in their physical properties to the glacial clays
described elsewhere (see King County) so need no particular
description.

WHITMAN COUNTY

Whitman County lies north of the Snake River along the
Idaho boundary and on the eastern border of the Columbia basalt
plains. Much of the area is between 2,000 and 2,500 feet above
sea level. It is extremely hilly, but there is a marked concor-
dance in most summit levels. This feature, indicating an original
level surface, is very apparent from heights such as the top of
Bald or Steptoe buttes. Now, however, old water courses, usually
dry, and the present drainage channels dissect the former plain
into a close network of branching, irregular valleys. These may
be as much as 300 feet deep, and the innumerable intervening
rounded hills, carved from the thick cover of Palouse clay, char-
acterize the region. This whole area of unusual topography is
also one of exceptional fertility that has come to be known as the
“Palouse country”.

Basalt is the common bedrock of the county, though the
flows failed to cover elevations above 2,500 feet; so in many
places high points of the pre-basalt surface of granite and quartz-
ite which were never inundated by the lava rise as prominent
hills above the general level. Bald Butte, Smoot Hill, Kamiak
Mountain, Ladow Butte, Steptoe Butte, and Naff Ridge are all
“island” masses of this kind. Elsewhere the basalt is chiefly
exposed along the sides of the deeper valleys, where erosion has
cut through the soft surficial cover.
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LIGHT-FIRING CLAYS

As discussed in greater detail under the heading of Spokane
County, the pre-basalt rocks have been a source of excellent
clays and kaolins. The various buttes, or monadnocks, of the
county are too limited in extent to have played an important
role in forming available clays, but beyond the State line, in
Idaho, are great areas of old granites and associated rocks of
which the Whitman County buttes are mere outliers. These
feldspathic rocks have long been subject to decomposition and
erosion and have given rise to the extensive beds of valuable
kaolins and various buff-firing clays in Idaho. Fortunately for
Washington the drainage has been westerly, so continuations
of the deposits occur in this State.

With the coming of the basalt, in Miocene time, the drainage
was interrupted and gradients decreased. This resulted in the
accumulation of lacustrine and fluviatile clays in front of and

on the basalt flows. Some of these sediments were covered by
later flows; others were never reached by basalt and have only
an overburden of detritus from the granite and quartzite hills
and the ever-present Palouse clay. Thus a Miocene age, con-
temporaneous with the Latah formation of Spokane County and
elsewhere, is indicated for the interbasalt sediments and related
clays, including most of the kaolins and buff-firing varieties, of
Whitman County. .

The sediments intercalated with basalt flows are exposed in
canyons and road cuts and are commonly reported from drilled
wells. One such bed at Pullman is mentioned by Russell” as
having a thickness of 30 feet. Examples may be seen on the Lew-
iston grade, where the Snake River has cut down through flow
after flow of basalt to a depth of nearly 2,000 feet, and highway
cuts have newly exposed interbedded clays. One bed, near the
top of the valley wall, was formerly well exposed for 5 feet
below a flow contact. The sediment has a shaly structure and is
very compact and brittle. For a foot or so from the basalt it
is baked to a bright red; this part lacks the harsh feel common
to recently fired clays, for alteration since the baking in Miocene
time has made the shale smooth and unctuous though without
restoring plasticity. Below the contact zone the material is
nearly black from the effect of heat under reducing conditions.
The bed is uniformly fine-grained, smooth, free from grit, and
has the sheen of wax on freshly cut surfaces.

Sample No. 25-B, of the black shale, did not slake in water,
failed to develop any plastic strength by the usual methods of
testing, and fired to red and brown colors.

@ Russell, I. C., A reconnaissance in southeastern Washington: U, S. Geol. Survey
Water Supply Paper 4, p. 51, 1897.




Whitman County 321

DISTRICTS

For convenience in considering the deposits and possible
occurrences of light-firing clays, the county is divided into the
Palouse, Bald Butte-Fallon, and Garfield-Tekoa districts.

Palouse district.—The best-quality clays opened so far in
Whitman County are those occurring a mile south of the town
of Palouse. Several square miles in this vicinity may be under-
lain by similar material, as indicated by well records, but in
general the beds are covered by a thick overburden of the
vellowish-brown “Palouse clay”. This not only effectually con-
ceals valuable deposits but would render mining operations
expensive on most of those that are known. These clays are of
alluvial origin and have been derived from the old feldspathic
rocks to the east in Idaho. Former streams carried the clay
material into this section, where it was deposited as well-strat-
ied beds in some places and as poorly assorted masses in others.
The older rock in this immediate vicinity is quartzite, so much
silica sand and quartzitic fragments occur with the clays. As the
area is about on the border between the basalt and the older
rock, some deposits have been exposed by erosion of thin flois
and others have never been covered.

Cox pit.—Many years ago a pit was opened on the Cox place,
in the NW1{NW1} sec. 7, (16-46 E), and considerable clay was
mined. A small pottery (Pioneer Pottery Co.), making common
stoneware, formerly operated on this deposit, and clay was
shipped, also, to potteries located at Portland (Pacific Stoneware
Co.) and other places. Although several kinds of clay were
mined here, it is said that only one-third of the clay body was
taken from this place when the old pottery was working the
deposit; the rest used was a more plastic clay taken from deposits
in the southeast part of the same section and in sec. 13, (16-45 E).
When last operated, the pit measured about 100 feet in length
and exposed a 15-foot face of clay. As the workings are located
in the side of one of the small rounded hills common to the
country, the face will become greater as work progresses. The
top mantle, a foot or two of soil and Palouse clay, varies from
place to place but is mostly thin. Beneath this is sandy, frag-
mental material containing rounded quartzite pebbles; so the
total overburden might average about 3 feet in thickness. The
upper sedimentary clay member is very irregular both in appear-
ance and occurrence. At the west end of the pit it has a thickness
of at least 5 feet, probably more, of very firm even-grained plastic
material that is free from grit. However, in color it varies from
nearly pure white to portions that are gray, blue, lavender, yel-
low, pink, and red. This was the last clay to be worked.

—11



322 Clays and Shales of Washington

Haolin, nearly white

Ficure 6.—Section of beds at the Cox pit, near Palouse, Whitman County.

Sample No. 36, taken here, is compact and brittle when dry
and is nearly white in color. It has a smooth, soapy feel, and only
the finest grit can be detected when a fragment is taken between
the teeth.

Remarks: Strong plastic strength is developed with 45.1 percent water
of plasticity. When fired between cones 06 and 15, buff-brown colors are
produced. The body becomes steel hard about cone 04 and practically non-
absorbent at cone 3. As it deforms at cone 32, the clay when mixed with
grog could be used for a No. 1 refractory and as a bond clay for a refractory
clay of less strength. The high shrinkage and cracking do not permit its
use alone.

The light-colored clay grades on the east into a slightly
coarser, more compact, material that has a horizontal bedding
so distinct as to give it the appearance of a shale. This clay,
locally known as “Palouse yellow”, is heavily stained to a clear
vellow from iron brought in by percolating solutions. Dendritic
manganese oxide forms black coatings on joint planes. The
variable concentrations of iron and manganese have given por-
tions of the adjacent less pervious white clay its mottled appear-
ance. The bed has a thickness of about 8 feet.

Sample No. 31, of the yellow clay, has not quite the soapy
feel of the white clay. It is compact and brittle but contains very
fine sand and some white mica.

Plastic and dry properties Sample No. 31

Plagtiettyi i viisinn veheias ST Volume shrinkage ....... 36.49 dry volume
Shrinkage water ..........civieiines B% Linear shrinkage ........ 14.09%: dry length
Pore water ............ 4 Linear shrinkage ........ 6.99: wet length

Weter of plasticity Dry condition ... ....c... Good
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Fired properties Sample No. 31

Cone | Color ‘ Condition L.8.%d.1. i'l‘. L.8.%d.L| V.8.9d.v. Abs. A Por.
09 | Brown-red Weak, soft s& | ars 1.0 9.7 iL.6
03 | Bright Good, BATE || acersswrsslaensiaqanys ey 0 ..
birown-red
4-4*| Bright Good, 8.H.- | A L e L o e Tt al) [ N e,
brown-red
o | Brown-red Good, S.H. | 15.2 7.2 .7 9.4 2.6

Remarks: Best firing range: 03-10. Cone fusion: 18. Too much
plastic material, giving high shrinkage.

Sample No. 32 was taken at the east end of the pit from
an indefinite bed, about 3 feet thick, that may be a leached
surface phase of the underlying yellow clay. It is a very smooth,
greasy-feeling, fine-grained (slightly gritty) grayish-white clay.
The fired properties are very similar to the yellow clay (sample
No. 31), probably owing to thin concentrations of limonite on
joints and bedding planes. Underlying the white and yellow
strata is a light-gray sandy clay which grades downward into a
loose clayey sand. The thickness of the lower clay is unknown,
as the pit bottom is still in that material, but it is probably well
over T feet.

Sample No. 35, from near the pit bottom, is a light-gray sandy
clay, so soft that lumps when dry are easily crushed between
the fingers. A peculiarity of this material is the presence of
minute hairlike pores or holes. These vary from microscopic
size to nearly a millimeter in diameter and 10 or 20 are present
to the square inch. They are curved and irregular as to direc-
tion and are commonly branching. In every instance the hole
is lined with a brown waxlike coating of aluminous material
apparently something between beidellite and nontronite in min-
eral character. The presence of such holes, probably caused by
root fibers and worm borings, in only one stratum of a sedi-
mentary deposit is unexplained but is suggestive of an eolian
origin for this one member. The clay appears to have a fine
even grain, but the microscope shows quartz sand and white
mica in a matrix of much finer quartz and kaolin.

Plastic and dry properties Sample No. 35

24T T i e e e A S Good Volume shrinkage ....... 25.3% dry volume
Shrinlcage WateT ...coivessesvaionies 15.3%; Linear shrinkage ........ 9.2% dry length
Poreiwater :coioiizis ninema e 19.47% Linear shrinkage ......,. 7.0% wet length

Water of plasticity........covvvvvnnnn- 34.7% Dry condition .......... Medium hard
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Fired properties Sample No. 35

Cone Color ‘ Condition L8.%d.). "T.L.S.%d.l ".S.%ri.v. Abs. A Por.
05 Light buff Good, BoLG | cereveenes shi il et 2.7 36.2
3 | Light buft Boody S i 135 GRSt 16.6 30.3

Remarks: Best firing range; 04-15. Cone fusion: 30.
Class of ware: Refractories if used with grog. When mixed with proper
clays could form part of a body for stoneware, terra cotta, etc.

Sample No. 34, of the underlying loose clayey sand, is only
different from the above in being sandier and containing none
of the irregular holes. It, also, is micaceous and contains kaolin
and much very finely divided quartz. This member has been
known as “Palouse fire clay”.

Plastic and dry properties Sample No. 34

ST T I e ...Good Volume shrinkage ....... 28.87% dry volume
Shrinkage water .. 16.3% Linear shrinkage ... ..10.7% dry length
Pore water ... ... .+15.1% Linear shrinkage ........ 7.09% wet length
Water of plasticity........ccoiviuinns 31.4% Dry condition .;...ic0ue Good

Fired properties Sample No. 34

Cone Color Condition L.8.%d.l. |T.L.8.%d.L| V.B.9ad.v. i Abs. | A.Por.
M* Spotted buff Good, hard 1.5 12.2 4.4 17.58 3.5
02 | Spotted buff Good, hard 3.1 13.8 8.5 16.4 2.5
i | Spotted buff Good, S H.- 4.2 14.9 12.0 12.1 224
100 | Spotted bufl- EO e e e sty [ i e £ ey S s 8.4 16,8

hrown
12* Spotted buff- | Good, S.H, 6.1 16.5 17.1 7.5 15.0

brown |

Remarks: Best firing range: 04-15. Blisters at cone 16. Cone fusion:
31%,

Class of ware: Refractories if used with grog. When mixed with proper
clays could form part of a body for stoneware, terra cotta, ete.

On another visit to this property a sample was taken of the
face at the west end of the pit. This was intended to be “run-of-
pit” and so include the clays formerly sampled as Nos. 34 and
35 but eliminate those sampled as Nos. 31 and 32. Some addi-
tional work had been done in the pit and a new face of clay was
exposed that varied somewhat from the material sampled
previously.

Sample No. 713 is of this material.
Plastic and dry properties Sample No, 713

153771 7o & o ool SR oo I PI , Good  Volume shrinkage ....,.. 42.0% dry volume
SAPTRERES MREET N e e e 2477, Linear shrinkage ........ 16.7% dry length
L I e i s e 19.49 Linear shrinkage ........ 6.7% wet length
Water' of plasticity......c.ivvinasnin 44.1% Dry condition......... Lamination cracks

from auger machine
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Fired properties Sample No. 713

Cone | Color Condition LS.9d.) T.LS.S%dAL) V.S.9%dy.| Abs. | APor
08 | Lt. red-hrown Weak, soft 3.9 20.6 10.8 24.3 10.4
06 | Lt. brown-buff R(I)ugh surface, 4.8 2.0 12.0 2.0 H.E
hard

[ ‘ Dark buff Rough surface, 12.8 2.5 33.0 1.6 4.6
S.H,

10 | Bufl-brown Cracks, 8 H. ey i o3yl S e e Pa b e 2.8 0.7

12*| Lt. brown Good, rough, 4.3 | 41,0 3.0 28 | 5.2
S.H.

Remarks: Best firing range: 06-15. Cone fusion: 33+. Add non-
plastics to reduce shrinkage.

Class of ware: No. 1 refractory. Buff-colored structural ware and
pottery, if properly treated.

A quarter of a mile east of the old pottery site is a small
opening in the side of one of the rounded hills. It is reported
that this clay was mined for fire brick and that the kilns of the
pottery were constructed of the product. It is a part of the
same clay series that is exposed at the pottery and is similar to
the lower member (see sample No. 34) of that deposit.

Sample No. 34-A, taken from here, is a gray color, stained
in part to buff. It is very coarse textured, has large quartz grains
disseminated unevenly throughout, and is very micaceous. Suf-
ficient clay is present to bind the grains together so that when
dry it is fairly compact.

Plastic and dry properties Sample No. 34-A

PIRBHICIEY ir s ot mianialdarel i eta sy el .....Good Volume shrinkage ....... 36.37%: dry volume
Shrinkage water ........cioiieisiviae 19.9% Linear shrinkage ........ 11.5% dry length
PO R BT L e AN T T o 13.7%  Linear shrinkage ........ 8.0% wet length
Water of plasticity......iioiiaesnsise 33.6% Dry condition: ........eeu Good

Fired properties Sample No. 34-A

L |
Cone | Color Condition L.S.5d.). I'l‘.I.‘S.“,éd.i.! V.B.Gdv. | Abs. A.Por.
fctpical 1T R adess T | Logtviat ] el
08 | Light bufy Good, hard 1.5 13.0 4.5 | 2.6 3.8
(M* Bright buff Goml, S.H.- .0 17.4 16.6 11.6 2.0
I e e T s Rl I s R | [ e [ | e R 2.0 | 17.4
6 | Bright buff Good, 8.H. 7.0 18.5 19.6 7.1 | 15.4

Remarks: Best firing range: 06-15. Cone fusion: 30.
Class of ware: Refractories if used with grog. When mixed with proper
clays could form part of a body for stoneware, terra cotta, ete.

In the SE1j sec. 13, (16-45 E), near the Great Northern Rail-
way, a shaft was sunk through the Palouse clay to the under-
lying white beds. As the old workings were full of water,
nothing could be seen at the time of the writer’'s visit, but it
is reported that smooth, plastic clay was obtained here.
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For several years after about 1900 the Palouse Pottery Co.
operated in the town of Palouse. Clay was chiefly from Onaway

(near Potlatch), Idaho, but part of the body was from the Cox
pits and part, also, was from a pit that was dug in the barnyard
of the Tweedmyer place near town. This last opening, about
100 feet in diameter, was carried 10 feet into a plastic white clay
that underlay some 6 feet of brown Palouse clay. The pit was
only operated for two seasons and was allowed to cave and fill
with wash when mining stopped.

Sample No. 29, of the Onaway clay, was taken to show the
kind of material that would be easily available for use with the
high-grade clays that are available near Palouse. It is a very
light-gray fine-grained clay that is similar in appearance to
sample No. 36.

Plastic and dry properties Sample No. 29

ST o g ARG T ) R e Strong  Volume shrinkage .......14.9% dry volume
Shrinkage water ..., cccqvevvissrsvns 22.5% Linear shrinkage ........ 5.29% dry length
Pore WaEEE i e e i s 16.8% Linear shrinkage ........ 9.3% wet length
Water of ‘plasticity...covesiasverresss 39.39% Dry condition ........... Good

Fired properties Sample No. 29

(.‘tlnf‘! Color Condition | L.8.9%d] T L.8.9%d.)1| V.8:9%d.v. Abs. | A.Por.
02 | Light bufr Good, S H. | 0.7 4.8 2.4 12.4 %.1
3 | Light buff Good SHE 1 (| ES s e e A e e 9.1 18.0
4-5 | Light buff s B B 2 S e o S ST T AT 8.2 213

Remarks: Best firing range: 02-20. Cone fusion: 32%.

Class of ware: Refractories with grog, light buff-colored pottery, or
terra cotta.

Bald Butte-Fallon district—Thick beds of kaolin have ac-
cumulated in the vicinity of Moscow, Idaho. Extensions of the
deposits may occur at no great depth below the Palouse clays in
the vicinity of Bald Butte and between Pullman and Moscow.
The hills surrounding the station of Ayer, on the Great Northern
Railway northeast of Pullman, are granitic; good clays no
doubt occur near the borders of that rock, though concealed by
the deposits of Palouse clay. It is reported that a well on the
Ayer farm struck a thick bed of white clay under 10 feet of
Palouse clay. Another well in this vicinity is said to have gone
through 40 feet of Palouse clay, then 10 feet of white clay and
about 10 feet of dark-brown clay and sand. A sample of this
last “white clay” was really a slight brownish gray when fresh
and damp, but a weathered sample, after drying, was nearly
pure white. It was free from any noticeable sand. Similar clays
would be expected to occur east of Fallon and Whelan in the
general vicinity of the east line of T. 40 N., R. 45 E.
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Garfield-Tekoa district—Russell® mentions a well put down
3 miles northeast of Garfield, probably near Walters, a station
on a branch line of the Oregon-Washington Railway and Naviga-
tion Co. Drilling reached 113 feet in depth, and basalt was
passed through for 65 feet from the surface. This was under-
lain by 14 or 15 feet of clay beneath which was water-bearing
sand. The region is near the edge of the basalt flows and close
to high hills of quartzite. In the same report Russell says, also,
that a deposit of sandy clay and white kaolin was opened a
mile west of Garfield, but the writer has been unable to find
this occurrence.

Quartzite predominates in the hills north and south of Pine
Creek Valley in the vicinity of Farmington, though little rock
is exposed, owing to the mantle of Palouse clay. That a tongue
of basalt reached up this valley is shown by rock found in the
vicinity of the town, but the flow was thin and probably has been
mostly decomposed or eroded away. It is reported that the
whole valley is underlain by blue and white fine even-grained
clay “with a very soapy feel”. One occurrence was beneath 15
feet of overburden in a well put down on the site of an old
planing mill. No samples are available. White clays occur in
the Coeur d’Alene Indian Reservation near Tekoa, and continua-
tions of these deposits, or material washed from them, no doubt
underlie the surface mantle between Tekoa and Seltice.

DARK-FIRING CLAYS

Palouse clay, of probable Pleistocene age, forms the surficial
material of practically the whole county as well as parts of
adjacent counties. Although sometimes spoken of as “basaltic
clay” this thick mantle is rarely derived in place from the
underlying basalt. There are many places, as for instance, in a
railway cut in the west center sec, 18, (23-46 E), where a com-
plete gradation can be found from reddish-brown clay, through
entirely decomposed rock still showing its original texture,
to disintegrated fragments and hard unweathered basalt; in
general, however, the clay is lighter in color than a true basalt
residuum, contains mineral grains foreign to basalt, and is
sharply separated from underlying little-weathered rock.

Road cuts commonly expose sections as much as 30 feet thick;
wells show that 40 and even 60 feet of the clay is usual; and 2
wells, drilled a few miles southwest of Pullman, showed 173
feet of clay at the one place and 187 feet at the other. Charac-
teristic exposures, as along the Colfax-Rosalia highway, may
have from 1 to 6 feet of structureless silty-clay loam at the top.
This bed conforms to the contour of the rounded hills through

(@ Russell, I, C,, op. cit., p. 52.
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which most of the cuts are made and is definitely of eolian origin.
It contains much organic matter and is dark gray-buff to almost

black. Underlying this upper deposit is the brownish-yellow to
buff-colored silty clay that makes up the bulk of practically all
exposures. There is little difference in the mineral composition
or texture of exposures from top to bottom, but the lower phase
commonly has a rude, indistinct stratification that separates
the mass into horizontal beds from 1 to 4 feet or so in thickness.
The bedding planes—mostly very obscure—are, in a few places,
delineated by concentrations of calcium carbonate, forming
irregular but more or less horizontal layers as much as an inch
or so thick of sandy nearly white caliche. In all instances the
bedding, when it can be seen at all, is truncated by the hill slopes,

showing that the rounded hills were eroded from a thick nearly
structureless blanket of country-wide extent. The origin of the
dominant material is obscure. Bryan® summarized the hypoth-

eses of earlier investigators and presents the results of his de-
tailed study but concludes that the sedimentation process is
still to be explained.

The dry clay is harsh-feeling and so compact that even small
lumps cannot be crushed between the fingers. It is composed of
a variable amount of actual clay and considerable fine sand and
silt that include quartz, feldspar, white mica, and other minerals
in less amount. The dry strength of lumps is increased by the
presence of a brown waxlike, subtranslucent clay mineral that
coats sand grains and lines the innumerable joints and minute
irregular ramifying root-fiber holes that are present throughout.
This brown mineral has been identified® as beidellite (AlO,.
3S10..nH,0), though in some samples the mineral appears to
be intermediate in composition between beidellite and nontronite
(Fe,Al),0,.28i0,.2H.0. It is present in greater quantities in
some places than others and may even occur as nearly pure,
gritless irregular layers, a fraction of an inch in thickness, in the
otherwise sandy deposits. This mineral may represent the de-
composition product of basalt grains and volcanic ash, originally
present in the bed, and so indicate an alteration, in place, since
the deposit accumulated. It doubtless accounts in large part for
the sticky plasticity that is a feature of the Palouse clay when
wet.

Palouse clay may contain too much plastic clay substance for
safety in drying the ware made from it. However, it is possible
to establish a plant in most localities and manufacture nearly any
of the ordinary red-firing structural materials. Work done at

@ Bryan, Kirk, The “Palouse Soil" problem: U, S. Geol. Survey Bull. 790-B, 1927.
® Idem, p. 31.
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one time in Pullman illustrates this: a brick yard in a neighbor-

ing town received a contract for a large number of common, red
brick; rather than pay freight on these to Pullman the machinery
was moved to the site of the proposed building, and the brick
were made there from clay dug on the spot. The unsightly pit
was long a reminder of the adaptability of the Palouse clay.

Yards have operated at various times in Colfax, Garfield,
Palouse, and Pullman to supply the local demand for common
brick, but in 1940 the Geo. Herboth Brick Co., at Uniontown, is
the only one remaining. At this vard, the clay is taken from a
bank with a working face about 25 feet high. The excavation
has covered an area some 200 feet square and has used nearly
all the available clay above easy drainage on the property.

Sample No. 25, of this clay, is sandy, but the texture is fine
and rather uniform. The vertical jointing, slight consolidation,
general silty character, and tawny brown color, are typical of
Palouse clay.

Plastic and dry properties Sample No. 25

AR e o e e Sy e A et Good Volume shrinkage .......18.9% dry volume
Shrinkage water ..o s sves 10.2% Linear shrinkage ........ 6.8% dry length
Pore Water: i iniiaseribeiinss eaeres be 14.07 Linear shrinkage ........ 6.7% wetlength
Water of plasticity..........c0vnrvnee 24.2% Dry condition ........... Good

Fired properties Sample No. 25

Cone Color Condition 1.8.9%d.1. |’l‘.l<..‘i.’:!'ml,l. V.B.9.v. Abs. A.Por.
|
010 | Lt. red-brown | Weak, soft =3.1 3.7 ~0.0 20.6 5.0
07 | Red-brown Weak, soft -0.2 6.0 .6 19.9 .1
M* Dk. brown-red | Vitreous surface, 3.0 0.7 11.3 p.2 19.0
good, S.H. ‘
0 | Dk. hrown-red | Vitreous sarface, 7.4 4.2 20.5 5.0 10.4
good, S.H.
2 | Dk, red-brown | Vitreous surface, 9.5 | 16.0 2.7 2.3 4.8
| good, 8.H.
l'rT'i... cidasaeansssess| Near fusion, B.H, 3.2 ‘ 10.0 8.2 1.8 2.8

Remarks: Best firing range: 06-2. Cone fusion: 8-9.
Class of ware: Used for common brick and tile. Good working proper-
ties; good firing range.

Geo. Herboth Brick Co. (inoperative).—The clay is caved
and brought by horse-drawn dump-car to a soft-mud press for
common brick or to an auger machine with vertical pug mill
for drain tile. The ware is dried on pallets in covered open-air
racks. Brick are fired in a scove kiln, and drain tile, the princi-
pal product, in a 12-foot rectangular down-draft kiln. Recent
output has been sporadic and small, though 100,000 tile of
various sizes and considerable brick have been made in some
years.

Sample No. 23, of Palouse clay southeast of Johnson, was
taken from a road cut 100 feet long by 8 feet high in the
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SEV,SEY, sec. 12, (13-45 E). The surface deposits here are no
different from those of many other places, but a newly graded
road made clean exposures available. It is an unstratified de-
posit that is dark brown in color when fresh but weathers to a
much lighter shade. The texture is fine and even, although the
clay is quite sandy. When dry, lumps are very compact and re-
sistant to pressure.

Plastic and dry properties Sample No. 23

Plasteity: v i b e sl i Fair Volume shrinkage ....... 22.8% dry volume
Shrinkage water ..........c.cccovvenen 115%  Linear shrinkage ........ 8.3% dry length
Pore Waler uiisissvairsanensasn ....13.0%  Linear shrinkage ........ 7.5% wet length
Water of plasticity........ocoevenennn 24.5% Dry condition ........... Good

Fired properties Sample No. 23

Cone Color Cendition II L8.%d.) T.LS8.%d.) V.8.09%dy. Abs, A.Por.
s, Al TEE T Nl | [ o T VO 2 ) 5, o
06 | Brown-red Weak, soft 0.4 - 8.7 1.3 17.1 3.2
B [ e b 0 Pty NI S SR [l oo Sl 8 Py Sl ) | e T I I S (Yt et
02 | Bright Good, S.H. 5.2 14.5 17.5 .6 14.6
| brown-red |
2 R S T =y Vireous; OO || vt b v e a vl be n ey s ae e 0.0

Remarks: Best firing range: 05-3. Cone fusion: 10.
Class of ware: Common red-brown structural wares.

Sample No. 17 is almost identical in appearance to sample
No. 23 but was taken from a large road cut near Ayer, northeast
of Pullman. It shows the remarkable similarity of the Palouse
clay even over large areas.

Plastic and dry properties Sample No, 17

PLESTII e Lot crvi o LR S0 ko L Good  Volume shrinkage ....... 21.8% dry volume
Shrinkage water ...............c.coua.. 11.7%  Linear shrinkage ........ 8.9% dry length
by i T L e A e et 16.3% Linear shrinkage ........ 6.69; wet length
Water of plasticity .......ovivvevnrens 27.09% Dry condition: ..........: Good

Fired properties Sample No. 17

Cone Color Condition ] L.S.%d.1. I'l'.]‘.ﬁ.%ll.].! V.8 0ud.v. Abs. |  A.Por:
07 | Lt. brown-red | Soft | 0.3 | 0.2 1.0 17.5 3.7
03| Lt. brown-red | Hard === |ssiaveasanes R S A AR 5L T SN | DS -
02 | Brown-red Good, S.H. 3.1 12.0 $.0 12.3 24.6
- 24 A RO, 0 | e Bt e b b e o A O W i) R W g W g

good, S.H. |

Remarks: Best firing range: 04-3. Cone fusion: 6-7. Few cracks.
Class of ware: Common red-brown structural wares.

Light-gray silty clays, containing occasional fresh-water
shells, occur in a few places in the county. They are lacustrine
deposits, and though similar to Palouse clay in physical prop-
erties are quite distinct from those or the older buff-firing clays.
So far as known, all are overlain by the typical Palouse clay.
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Sample No. 24 was taken from a cut north of Colton at a road

fork near the Northern Pacific Railroad in the NW1/ sec. 26,
(13-45 E). Massive clay is exposed to a height of about 6 feet
above the road for a distance of 100 feet. Palouse clay forms a
considerable overburden that decreases in thickness at the ends
of the exposure. As the base is concealed, the quantity of clay
available can only be estimated but is probably large. Although
slightly sandy, the material has a fine, even texture and appears
to be more silt than clay. It is greenish gray when damp but
dries to a light gray; lumps are then very easily crushed between
the fingers. Minute vesicles, apparently formed by gas bubbles
when the clay was first laid down, are abundant.

Plastic and dry properties Sample No. 24

PIASHEItY e i siuinanrens o Good, strong Volume shrinkage ....... 27.5% dry volume
Shrinkage water .......:..iiiiiivinns 149%  Linear shrinkage ........ 10.2% dry length
PO R B L e e Y s e e 158%  Linear shrinkage ........ 7.0% wet length
Water of plasticity................... 30.7% Dry conditlon ........... Hard, strong

Fired properties Sample No. 24

Cone Color | Condition L. 8.9%d.). |T.L.8.%d.L| V.B.9d.y. Abs, A Por.
|
08 | Buff-brown | Weak, =oft o | 10,2 0.0 21, 96,0
M | Bright Good, hard 2.0 12.3 5.0 18,5 32.0
red-brown
01-1 ' Bright Good, S.H. 8.4 15.5 22.8 6.3 18.5
red-brown
1* Bright Good, S.H. o 10.8 26.1 4.3 0.6
red-brown
84% Dk. brown-red |Vitreond, .= = | ..cicesiraesslmisranincsis|imisrniesnny 1.0 2.0
good, S.H.
G | Red-hrown, Swelled, 6.5 16.7 18.1 1.5 3.1
bluck fused, S.H.
Remarks: Best firing range: 04-3. Cone fusion: 6-7. Needs a sandy

admixture to reduce shrinkage.
Class of ware: Common red-brown structural wares.

Another lacustrine bed, well laminated, has been exposed in
a road cut about 4 miles south of Rosalia, in the NW1/ sec. 3,
(19-43E). Large amounts of this clay probably are present in
this region though mostly covered with a thick overburden of
Palouse clay.

Sample No. 61, from the exposure, is greenish gray when
damp, and dries to a light-gray color. It is sandy but fine-
grained and contains enough clay substance to have fair plas-
ticity and become compact when dried. The clay is moderately
calcareous, an unusual feature for clays in this region.

Plastic and dry properties Sample No. 61

PIASUCILY s it elela el st s s o n bl Fair Volume shrinkage ....... 28,09 dry volume
Shrinkage water ..........oevaievainn 14.0%  Linear shrinkage ........ 10.4% dry length
P OEe AR i wale e s ok o5 aa Ak a el p oA A 112%  Linear shrinkage ........ 6.87% wet length
Water of plasticity.........ccovenniven 25.2% Dry condition ........... Good
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Fired properties Sample No. 61

Cone | Color Condition 1 L.8.%d] T.L.8S.9%d.L| V.8.%d.v. Abs, A.Por,

(5-04 | Red-brown Goofl, hard: | ..eeisiarine i ) I eSS 10.3 32.9

2-01 { Red-brown Good, hard  |..... Lrvene 1.1 oeeesn ]2.2 l_n‘.!J

6 | Red-brown, Vesicular, 8.H, Bl | 100 14.3 1.3 3.1
black | .

Remarks: Best firing range: 04-2. Cone fusion: 9. Shrinkage a little
high. Fired colors just fair. Needs a sand to reduce shrinkage.
Class of ware: Use for common brick.

YAKIMA COUNTY

Yakima County is in the south central part of the State and
has an area of 4,059 square miles. The western part of the county
is on the eastern slope of the Cascade Mountains and is rugged
and mountainous, but the central and eastern part comprise

rounded ridges, broad valleys, and rolling plains.

Basalt forms the principal bedrock, and great thicknesses
are exposed in places where rivers have cut into the many sep-
arate flows. Eastward-flowing streams in late Miocene time car-
ried abundant sediments and built up thick beds of clays, sands,
and gravels on and between basalt flows at lower elevations.
These deposits, now loosely consolidated, are known as the
Ellensburg formation. In some places they form extensive sur-
face exposures apparently never covered by basalt; in others
they appear only through the erosion of overlying basalt, and so
their outcrops form bands several hundred feet thick which may
extend for several miles. Other widespread surficial sediments
are probable extensions of the Ringold formation of Pleistocene
age. They are similar in appearance and properties to the El-
lensburg sediments; in fact, the two are difficultly distinguished.
The Ringold formation is excellently exposed in the White Bluffs
of the Columbia, in Franklin County, and the results of tests
made on samples of the most promising-appearing clays obtain-
able there are given under that county heading. Similar results
would be expected from the Ringold clays occurring in Yakima
County.

Recent silty alluvial clays have been deposited in the Yakima
Valley and in the lower parts of tributary valleys. They occur
with sands and gravels and apparently do not form either thick
or extensive beds. They are sticky, weakly plastic clays only
suitable for common red brick. Formerly such clays were used
in brick yards in Yakima and Toppenish.

The clays of the Ellensburg formation are irregular in extent
and are mostly sandy and nonuniform in texture. Those that
appear the purest and contain the most clay substance appar-
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ently contain a large amount of volcanic ash or are derived from
the decomposition of ash; this is indicated by a high content of
fluxes and a sticky yet weak plasticity. So far as known they
are all red firing. The only place where clays of this kind are
being mined is at the pits of the Granger Clay Products Co., at
the south edge of Granger. The thick series of silty clays crop
out at the west end of Snipes Mountain, a ridge extending from
Granger to Sunnyside and rising as much as 600 feet above the
valley floor. The ridge is in part an anticlinal fold of basalt and
sedimentary beds, but the relations are somewhat obscure and
it is possible that these clays may belong to the Ringold rather
than the Ellensburg formation.

The workings are at about the center of the SW14 sec. 22,
(10-21 E), 100 feet or so above the valley floor, and extend as a
series of quarry-pits for a thousand feet along the hillside. The
opening farthest east is the deepest and has a 40-foot face. It ex-
poses a stratified series of blue-gray, buff, brown, and greenish-
gray clays and sands. The strike of the beds is somewhat vari-
able but, in general, is N. 65° W., or roughly parallel to the hill-
side here, and the dip is 10 to as much as 35° NE.

Section of beds exposed in Granger pits

Feet
Slumped surface material including rounded quartzite

{roshrg ) LS o Yo LY oop v UG 5 o (N s e e I O S, A L S
Blue-gray and reddish-brown cross-bedded coarse sand

AL BEANVE]L i s #a s ta TR e s alimin el S e FRTA S by e AR B ok 10
Greenish-gray sandy clay and thin beds of smooth plastic clay.... 8
Dark~gray: compact- Sandyy Clay . iiaeei = oilnalsidslelviateide/stetsre s sloless 2
Blaish=gray (COarSe SANTL . o ik wieiow sialsmm s ihwie e sis o0 ol s s s am ol sins 1
5T b T i h o b L o) L R I D S8 TR e o Do et B 2
Light buff-gray compact, brittle fine-grained clay.

(S arnple NG BBl i o i wi rra s el s A e sl 455 (4K R b v 3
Greenish=gray sandy DIASHC BIBY oo o coimivamies siniein s siasis e caie, siaishes 3
Bluish-pray-elayey PUmicile . o o e viverives sl s i sorneren 5
Dark gray-green smooth plastic clay (an impure bentonite)...... 2
Buff-colored coarse clayey sand, gravelly in part................ 10
Sandy, somewhat decomposed gravel............ccciiiviananraaan 1
Bufl=polotetl Clayen [SRTIA . ;s iilsrisisiatsts ayarsiainm o mmisie (s jatsmaladbtopiie abas 5
Laminated yellow and greenish-gray clay, in part smooth

£ 0] PR anTa 1 f R o o T by SRS i B ol e et S e b e 15

67

Base concealed

The material is mined practically “run-of-pit” and very
little attempt is made to sort the very different materials. The
resultant mixture is far more suitable for use than would be
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any of the component beds, as is apparent from tests made on
individual members.

Sample No. 6-F is a light-gray clay, fine-grained and very
brittle, from the “North Pit”. This type of clay is common
in the Yakima country, particularly in association with diato-
mite deposits.

Plastic and dry properties Sample No. 6-F

PIRSHE N ... i m it v Yo e ol Fair Volume shrinkage ....... 18.9% dry volume
Shrinkage wWater ... .siwise veawns .16.8%  Linear shrinkage ........ 6.8% dry length
POLE WALEL: ot e e Sy 38.3% Dry condition .......... Weak dry strength
Water of plasticity........ciciviiinn §9.1%

Fired properties Sample No. 6-F

Cone Color Condition l L85l ‘1‘.L.H.%&I.L V.5.9d.v.| Abs. | APor.
| ! |

(6 | Lt. red-brown | Weak, very soft 7.1 13.9 19.7 3.5 47,6

™ Brown-red Few eracks, soft 9.6 16.4 26.2 2.0 42,3

42  Bright Seum, few 4.6 2.4 ar.s | 17.5 we
brown-red cracks. S H.-

6-7*| Red-hrown Fused, S.H. 2.8 | 284 52.5 0.2 0.6
and black |

Remarks: Best firing range: 02-3. Cone fusion: 5. High percentage
dry pore space; very high fired shrinkage. Color good.

Class of ware: Use in mixture with other clays for brown and red struc-
tural wares.

Sample No. 6-C is buff-colored weak, silty material that is
taken from the “East bank”.

Plastic and dry properties Sample No. 6-C

08 e | o R R e Weak, silty Velume shrinkage ....... 6.8% dry volume
Shrinkage water .......ccovvrvesnnnns 4.0% Linear shrinkage ........ 2.3% dry length
POreE WALED .o inms s aaie i il sa e 17.6% Dry condition ........... Soft

Water of plasticity.....c.osovivenias 21.6%

Fired properties Sample No. 6-C

Cone Color Condition L.8.9d.1. T L8941 V.8.5%4.v. Abs. A.Por,
07 | Lt red-brown | Weak, very soft 0.6 1.7 -1.8 20,8 5.2
1 | Lt, red-brown | Good, hard 1.0 5.3 3.0 18.7 2.0
02 | Dk. red-brown | Seum, good, hard 2.2 4.5 0.5 1.5 30,8
&7* Brown-black e S e ] L e L e o 0.9 0.8

Remarks: Best firing range: 03-2. Cone fusion: 5. Mix with more
plastic clay to develop better plastic strength.
Class of ware: Red and brown structural wares.

Sample No. 6-E is a very plastic gray clay from the “West
] 24 g
Plastic and dry properties Sample No. 6-E

PRABHEItI oo % c e e s e o S e T, Fair Volume shrinkage ....... 35.1% dry volume
Shrinkage water ..............cocvue. 23.1%  Linear shrinkage ........ 13.4% dry length
Pore WHEEE . ivows snrvesdrnnasantess 12.2%
Water of plasticity....ciovvrccivosnne 35.3%
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Fired properties Sample No. 6-E

Cone | Color Condition LiS%d.] |T.1.8.%d.1. \'.H.'_’.Qd.\-.| Abs, A.Por,
5 | Brown-red Weak, soft 3.4 16.8 9.9 23.0 3.0
M | Brown-red Good, hard hd 15.8 15.4 18.7 2.1
(2 | Brown-red Good, S.H., 8.7 2.1 .0 15.5 0.5
6-7*| Red-brown Vitreous, near 11.8 5.2 3.4 0.8 1.7

and black fusion, S.H.

Remarks: Best firing range: 04-5. Cone fusion: 7-8. Good color.
Drying shrinkage is high. Good firing range.
Class of ware: Red and brown structural wares.

Sample No. 754 is ground clay from the plant and repre-
sents one of their general mixtures. It is 25 percent sand
and 75 percent clay sampled as No. 6-E.

Plastic and dry properties Sample No. 754

Plasticity ......ccvivevnercvecnannnnas Weak  Volume shrinkage ....... 24 49 dry volume
SHYINKAZE WALEY o .ouasoinssassaosnss 15.47% Linear shrinkage ........ 8.99% dry length
POT0 WREETY . var e s s aiinisny s s sy 25.1%
Water of plastelty. ... civivoviaaeanii 40.5%

Fired properties Sample No. 754

1.'01!0! Color Condition LSS M L8.%LL V.8.9%l.v. Abs, A. Por,
610 | Buff-brown Weank, soft 0.5 .4 1.3 26.2 40.5
05 | Deep brown-red| Weak, soft 3.3 12.2 0.5 23.1 0.1
02 | Deep brown-red| Vitreous, 7.1 8.0 21 S L e P e A L
good, S H,
1 | Dk. red-brown | Vitreous, 8.7 17.6 24.0 11.7 2.3

good, S.H. |

Remarks: Best firing range: 03-1. Cone fusion: 6. Shrinkage too

high and plastic strength is poor.
Class of ware: Used for common brick and tile.

Granger Clay Products Co.—The clay is caved, then pulled
by tractor-operated drag-line scraper to a trap, where trucks
are loaded. The haul to the plant is about 400 yards. There
it goes through disintegrator rolls to a combination pug mill
and auger machine and an 18-brick automatic cutter. Trans-
fer cars take the ware from the off-bearing belt to a 12-tunnel
coal-fired drier, where it is made ready for firing in about 48
hours. The ware is fired in six 30-foot round down-draft peri-
odic kilns, each kiln holding about 75,000 brick. Two days are
allowed for water-smoking and the firing is completed in an-
other 6 to 7 days. The product comprises common brick, rough-
textured face brick, and various sizes of hollow block and
drain tile. With good market conditions about 40 kilns are
fired per year.
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APPENDIX 1

LOCATIONS AND PROPERTIES OF WASHINGTON CLAYS AND SHALES

Y Cone fusion t b Anal-

LOCATION Fired ) . ysis no.[Sample| See
(nearest town)| CLAY TYPE color USABLE FOR (-\ppen— number|page

—10 [10-26] 26+ dix 2)

ADAMS ; 3
General . .. ...| Silt, Palouse...... x | Dark | Brickand tile.......|...... . c.oe. 50
ASOTIN ) : : s
General . ..... Silt, Palouse. ... .. il [ e Dark | Brick and tile.......]...... 000 50
BENTON y
White Bluffs. .| Alluvial, silt. .. ... S (Nl A Dark | Brick and tile.......]...... 9 |61
Prosser.......| Allavial, =ilt. ... .. | [ R e Dark | Brick and tile....... R 60
CHELAN i
Wenatchee,. . .| Shale. . ......... o x | Light | Refractories, .. ..... 810 Losersn 62
Wenatchee... .| Alluvial. ... ..., IR () el Dark | Brick and tile....... 7 156 | 63
Chelan. ... ... BB e X || Geare| g Dark | Brick and tile....... 36 | 155 | 64
CLALLAM

Port Angeles. .| Shale. ........... o Bt (s Dark | Structural ware.....|...... 368 | 66
Port Angeles..| Shale. ........... X Dark | Structural ware, . ...|...... 367 | 67
Port Angeles,.| Shale............ X Dark | Doubtful value..... |...... 366 | 67
Port Angeles. .| Glacial . ... ... X Dark | Brick and tile. .. ....|...... 65 | 68
CLARK )

Vancouver. .. .| Willapa Pleistocene|. . .. .| x |..... Dark | Sewer pipe, struct-

Aral WaALe: L | s i aia 300 | 69

Vancouver. .. .| Willapa Plelswcenp | o o Dark | Structural ware. . ...|...... 301 | 70
Vancouver. .. .| Willapa Pleist o SRE L el Dark | Structural ware. . ...|...... 302 | 70
Vancouver, . . W:llnpa Pleistocene} x [.....|..... Dark | Brick and tile.......}...... 768 | 71
COLUMBIA

Dayton...... Palouse, alluvial...| x |..... Dark | Brick and tile. .. .. 12-14).. ... 73
COWLITZ

Kelso. . ...... Shale, ..o x : Structural ware . . 300 | 75
Kelso . , X e X i Structural ware . , 308 | 75
Castle Rock.. | Shale. X i Structural ware. . ... 311 | 76
Castle Rock...| Shale. .. ... x B Structural ware. , ... 312 | 77
Castle Rock.. .| Shale residu | 2 W Light | Structural ware. . ...|...... 342 | 77
Castle Rock...| Shale. . .... AFR e Dark | Structural ware. . . ..|...... 312-A| 7R
Castle Rock.. .| Alluvial t‘_?). == | X .| Light | Struetural ware. ... .|...... 312-B| 78
Castle Rock.. .| Alluvial (7). i X .| Light | Structural ware . . . v | B125C| 79
Castle Rock...| Shale. i x .| Dark | Structural ware. . ...|...... 312-D| 80
Castle Rock. . . Shale residuum L x .| Light | Struetural ware.....|...... 313 | 80
Castle Rock. . hale . x e Dark | Structural ware. . .. .|...... 310 | 81
Castle Rock. Basalt residuum. . [.. . X Dark | Structural ware, . ,..|,.....| 341 | 84
DOUGLAS |

General | T e | I ... .| Dark | Briek and tile, ... .. 15 85
Wenatehee.. . .| Shale. . ..., ay x | Light | Refractories.,......| 810 |...... 86
FERRY

Republic Regidunl . . S .o00. . X Dark | Structural ware. . ...|...... 151 | 88
Rockont:: 55 o] Bl = vy 3 Dark | Slip.. ; 17 150 | 88
FRANELIN

HAToR s || Bilbsges e Seiisa x Dark | Doubtful value......|...... 11-D| 91
Hanford. .. ...| 8ilt............. -4 Dark | Structural ware. . .. .|...... 11-A| 91
Banford: & -] Skl iinGaies x Dark | Doubtful value..... |..... 12-A| 92
Hanfordsn -] Silbey s 3 Dark | Doubtful value... .. .|...... 12-B| 92
Hunfonl. P (11 x Dark | Doubtful value. .. ...|...... 12-D| 92
Hanford . . S R e R e x Dark | Doubtful value......|...... 14-B| 93
GARFIELD

General . . ... .| Palouse x Dark | Brickand tile.......| ..o ]oenias HES
GRANT

Corfu. . . 137 | A S MNP X Dark | Doubtful value, ..., |...... 1] 96
Corfu. . T e e At x Dark | Brick and tile. .. ....[...... 2| 06




Appendix 1

337

LOCATIONS AND PROPERTIES OF WASHINGTON CLAYS AND SHALES

—~Continued
Cone fusion a b Anal-

LOCATION Fired yEis 1o, Snmple See

(nearest town)] CLAY TYPE color USABLE FOR  |(Appen r|page
—10 [10-26] 26+ dix 2)

GRAYS HARBOR
Humptulips. . .| Shale Dark | Structural ware. . . .. 08
Hoquiam. . . . .| Shale Dark | Structural ware 99
Pacific Beach,| Willapa Pleistocene Dark | Structural ware. . . 103
Hoguiam. . . .. Willapa Pleistocene| Dark | Structural ware. . 104
Hogquiam. ... .| Willapa Pleistocene| Dark | Structural ware . 105
Hoquiam. . . ..| Willapa Pleistocene Dark | Structural ware . 105
Aberdeen.....| Shale. . .......... Dark | Structural ware. 100
Aberdeen. . .. | Willapa Pleistocene Dark | Structural ware, 103
Montesano . Shale. . ...... ..- Dark | Structural ware., . ... 101
ISLAND
General . ..... Olacinli v icaine: L | BRER S Dark | Brick and tile, .....o| oo ic]oa i 106
JEFFERSON

uilcene. ,... .| Shale, ... .00 % ey Dark | Struetural ware. . ...|...... 369 | 107

uileene,.,...| Shale., .., .......[...,.] % Dark | Structural ware. . . 364 | 107
KING
Enumelaw, .. .| Caseade residual.. |.....|] x |..... Dark | Structural ware. . ... 78 182 | 100
Enumelaw. . . .| Cascade residual.. .|.. ... S e Dark | Doubtful value...... 79 185 | 109
Enumeclaw, .. .| Cascade residual.. .|.. ... % «+++| Dark | Struetural ware. . ... 80 186 | 110
Enumelaw, . . .| Cascade rosuiual =1 Iy X ....| Dark | Structaral ware. . ... 81 184 | 111
Enumelaw. .. .| Shale . X1 Maan : Dark | Structural ware. . ...| 82 183 | 111
Enumelaw, .. .| Shale. . ... ...... e IR ....| Dark | Doubtful value. ... .| 83 181 | 112
Renton.... .. .| Shale X ....| Dark | Structural ware. . ... i 302 | 114
Renton. ... .. .| Shale ; x ... Dark | Structural ware. ... | ..., |..... 119
Renton, I ;0| SBhaleutoio oooiol - x Light | Refractories. . ......|.. . ...]. 2.0 120
Renton. ... .| 'Shala.  .ivocuie = T . Dark | Struetural ware. ....|...... 381 | 121
Renton. , ., .. Blhide. b e shjal X v+ Dark | Structural ware..... 382 | 121
Renton.......| Shale, .....:.... US| A oo Dark | Structural ware. . ... 7 305 | 117
Renton. ... .. .| Shale, .. ...... Hee x ....| Dark | Structural ware. . ... veare| 3896 ) 118
Renton,......| Shale........ % .voo| Dark | Structural ware. . ... it | 09T |EHS
Iaganint 1 1R, L et s b ee - ....| Light | Refractories..,......|...... ... | 120
Taylor. .. n Residual .. .. ..... O i i x | Light | Face brick . = 66 179 | 122
RATIO o | FBBAYS e e s x ciee]ieons| Dark | Structural ware. . ...| 71 176 | 124
Tavlor,...... SRR 5.0 e AT = | B Dark | Sewer pipe.. 72 177 | 124
Taylor ., Bhale. ... i, XN Statalate Dark | Sewerpipe. . .o vovoa]ieis 384 | 125
Taylor....... Shale, . ........ S x Light | Structural WALE, . ., 73 383 | 126
Bayne, .;....:| Bhale. . ... ... ... x A Pl Dark | Structural ware, . ... at 173 | 134
Durham......| Shale...coveioinn X nY. Dark | Structural ware, . ... 57 174 | 134
Palmer.... .. .| Shale X ER e aasie Dark | Struetural ware. . . .. 58 175 | 135
Palmer, .. ... .| Shale x - Dark | Structural ware . ... |, ..... 380 | 135
Palmer., .. ... Hammer Bluff .. .|..... > < AT Light | Structural ware. ....|...... 379 | 150
Kummer , . ... Shale. .55 e x | Light | Refractories. .......| 45 168 | 129
Kummer.....| Shale............|--v0:|oro0- x | Light | Refractories, ., .....| 490 171 | 130
Kummer. . ...| Shale. ...........] i x | Light | Refractories......... 48 168 | 131
Kummer ... .| Shale x v oo o| Dark | Structural ware, . ...| 55 172 | 131
Kummer. . ... Bl s Ui Ens AEC R Dark | Structural ware. 51 170 | 132
Kummer, . . Sandstone . ... ... et O S i Mixture. .. ... A 40 167 | 132
Auburn BEANE SRS ioat ] et i e Dark | Structural ware. . ...|..... 165 | 13:
Auburn Hammer Bluff ... [.. ... X Light | Faee brick, terra

. ] R LS 164 | 138

Auburn . Hammer Bluff . . X .:| Light | Terra cotta. .. 702 | 140
Auburn., . . ... Hammer Bluff . . . L] UL Light | Terra cotta. , 703 | 140
Auburg...... Hammer Bluff . i I - Light | Terra cotta 704 | 141
Auburn. .. .. Hammer Bluff . . . [ S Dark | Structural ware. .. ..| 34 157 | 141
Auburn . . . Hammer Bluff . . . i [ Dark | Struetural ware. . . .. 32 161 | 142
Auburn, . . Hammer Bluff . . ..|.....|.. Eight'| Mazture. .. .oeeescoe|somes 378 | 143
Auburn, ., ...| Hammer Bluff. . . |.....| x Light | Structural ware. ....| 33 162 | 143
Auburn . . . ...| Hammer Bluff . .. X . ...| Dark | Structural ware. . ... |...... 163 | 144
Auburn. . . ,..| Hammer Bluff. . . s % Light | No. 2 refractory, . ...| 20 158 | 145
Auburn. . . ...| Hammer Bluff . x | Light | Terracotta......... 30 159 | 146
Auburn Hammer Bluff . . L - x Light | Terracotta.........| 31 160 | 146
Auburn, ., ...| Hammer Bluff . . ... ... ... x | Light | Terrncotta......... 25 158-A| 147
Auburn. . . Hammer Bluff . . s x | Light | Terra cotta, .. ...... 27 160-A| 147
Auburn. ., .. Hammer Bluff. .. | ... % Light | Structural ware. . ...| 36 166 | 148
Seattle. .. ... .| Glacial. : x - Dark | Brick and tile.......|-..... 385 | 152
Seattle. . Glacial. . B e Dark | Brick and tile, ,.....]...... 386 | 153
Sen*tle . Glagial . .0 000 BN Dark | Brick and tile. , 301 | 154




338

Clays and Shales of Washington

LOCATIONS AND PROPERTIES OF WASHINGTON CLAYS AND SHALES

—~Continued
Cone fusion t b Anal-
LOCATION Fired i yeis no.|Bample
(nearest town)] CLAY TYPE color [ USABLE FOR  |(Appen-[number
—10 [10-26] 26+ dix 2)
EKING—Cont. : . g
Seattle..... 3e| Glaeislivziiz i | DA P Dark | Brick and tile. . ..... 84 | 390
North Bend.. .| Glacial. ......... A ISEN ke Dark | Brick m;d tile if '
i b L ) [ ]
North Bend.. .| Glacial........... ] e e Dark | Brick and fileif mixed ) B
Various. . Mixture x ..| Light | Terracotta........ |...... D-R2
Various. . .., .| Mixture.......... PLYe .| Light | Terracotta.........|...... D-R 5
Various. . ....| Mixture, .........[..... | Light | Terracotta. ,.......|...... D-It 6
EITSAP i
Port Orchard.| Shale............ X ....| Dark | Doubtful value. . : 375
Harper.. o5 ) Glasialls coacis, | PR B Dark | Brick and tile. . 376
Harper.......| Glacial.......... X Dark | Brick and tile .. ... ... .. 377
KITTITAS
e e (B T G e O o [ [ Dark | Doubtful value. .. .. f-A
s W Dl | 1505 | 7 I [y - Dark | Doubtful value. .. 7
ELICKITAT
General . ... .. Silt, alluvial % Dark | Briek and tile. .. coui|ieusan]aeni o
LEWIS
Toledo. . ..... . — x | Dark | Doubtful value..... 314
Toledo. .. ... e T P Dark | Doubtful value. . ... .[..... 315
Toledo. ..... S % ....| Light | Terra cotta. .. 316-A
Toledo. .. ... . IR (e x | Light | Terra cotta, ., 316
Toledo. . . ... Sl x | Light | Refractories s nr
Toledo....... " x | Light | Structural ware.. ... 318
Toledo. . .. 37 x | Light | Refractories. . ... 310
oAz x | Light | Refractories. . 320
x .| Dark | Structural ware ... 322
53 | (Seariy |t Dark | Structural ware 323
x Dark | Structural ware. . .. .|, ... .. 340
S (L Dark | Structural ware. ... .|.. 321
Wl!]apn Pleistocene| . . ... Dark | Struetural ware. . ... 05 | 321-B
Willapa Pleistoeene| . Dark | Structural ware 94 | 32]-/
Willapa Pleistocene| . Dark | Structural ware 324
Willapa Pleistocene Structural ware . . 338
Willapa Pleistocen Structural ware. ... .|...... 339
Willapa Pleistocene Structural ware. . ... 325
Willapa Pleistocene Refractories. . . ... 339-A
Alluvial . . . . Structural ware 326
Bhale. . . .. Undetermined.......J.....o0fiiiie.
Shale. Structural ware . i —
Wlllnpn Pleistocene!. . ... X Struct. ware (nuxed‘r a0 343
Willapa Plelstacem- X i B Sk e e s e e Sl
Alluvi x L Structural war 327
Shale x i Structural ware . M5
Mendota . . . .. Shale . . . e x Structural ware . .|, ... 344
Mendota .| Willuna Plpnstnp ..... x Structural ware. . .. .| o000 346
Morton. . ... .| Alluvial. x Structural ware 337
Morton . . . ... Shale . X Structural ware. . .. .|...... 336
Mineral . ... .. Shale . . . RS % | Light | Structural ware; re-
: fractories, ........ " a36-B
Mineral Shale...... X Light | Structural ware. 336-BA
LINCOLN
General Palowse. . .ovvvo-n x Dark | Brick and tile. . a6
MASON
Hoodsport,...| Shale, . ..........| x |..... Dark | Doubtful value. ... |...... 363-A
Hoodsport. . . .| Shale., ... x sk Dark | Doubtful value. .. 363-B
Hnudumrt.. ..| Shale x b Dark | Structural ware 363
Olympin. . “1|lups Ploistocene]. . ...| x Light | Structural ware. . 371
Olympin. . Willapa Pleistocene|. . ...| x |..... Dark | Struetural ware . | 372
OKANOGAN
Oroville. . ... .| Argillite.. ........ | (| PR Dark | Doubtful value, .. 105 152
Oroville =1L R . A K Dark | Brick and tile. ... ... 104 153
Brewster Bib . e e F o (SR [ Dark | Brick and tile. . 103 154

161
162

165
166

190
190
1490
191
192

193
103
104
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LOCATIONS AND PROPERTIES OF WASHINGTON CLAYS AND SHALES
—Continued

LOCATION
(nearest town)

Cone fusion

CLAY TYPE

PACIFIC

Frances. .....| Shale. ... ......,
Lebam. . .. Blalas 20 raiaal
Raymond. ... Shale .
Raymond....| Shale............
Raymond. ...| Shale............
Bay Center. . .| Willapa Pleistocene
PEND OREILLE

TOTE e b5 bdor Argillite. . ... ..
lone Silt
lone e
Tone. .. .:-u.. Bt = okl i
lone BilEsd, o e e
Metaline . i FER AN
Motaling... ... | Bilki.ceineevensne
PIERCE .

La Grande. .. .| Cascade residual..

La Grande. ...
La Grande. . ..
C

ity
C‘llw & ity
Kapowsin . . , .
Carbonado. . . .

SAN JUAN
General. .. ...

Me \-Iurra}
Conerete
Conerete
Hoo,

T:mﬁdni

Sedro Wouiloy
Sedro Woolley
Prairie
SEAMANIA
General ;

SNOHOMISH
Fverett, .....
Snohomish. ...
Meadowdale. .

Freeman. . ...

Freeman . .
Freeman . .

Caseade residual..
Caseade residual. .

—10

Cuseade residual.. |.. ...

Cuaseade residual..
Caseade resid
Casecade resid
Cascade residual. .
Cascade residual..
Caseade residual. .
Cascade resid:
Shale

Glacial

Argillite
Shale . .
Glacial. . .
Glacial. . .
Glacial. , ,
Glacial. . . .
Alluvial . . .
Alluvinl . .
Alluvial . .
Alluvial. . .

(17 F i
ual.. .|

Alluwial.. ... ... x
Glacial, x
Alluvial X
Glacial X
S.-(?.r lacustrine. .|, . ...

8.-C. lacustrine. ..
blmlv 5
8.-C.
Shale .
8.-C. residual

Incustrin

h-(‘ lacustrine. ..
o residual . .

S.~C. residual

8.-C. lacustrine
Palouse . eI

. residual . ...

26+

- HHAn

L3
Fired

eolor

Dark
Dark
Dark
Duark
Dark
Dark

Dark

ark
Dark
Dark
Dark
Dark

ark

Light
Light
Light

.| Light

Dark

| Light

Dark
Dark
Light
Dark
Light
Dark

Dark

Dark
Dark
Dark
Dark
Dark
Dark
Dark
Dark
Dark
Dark

Dark

Dark
Dark
Draark

Dark

.| Light

Dark

Light

Light
Dark

b Anal-
yeis no, |8 {’ See
USABLE FOR {‘\.,,..... page
dix 2

Structural ware. ., ... |...... 348 | 195
Structural ware. . ...|. A 340 | 196
Structural ware. . ... f. .00 350 | 197
Structural ware. . .. .|...... 351 | 197
Structural ware. . ... 352 | 198
Structural ware. . ...|...... 353 | 1989
Doubtiul value. .. ... 137 146 | 200
Doubtful value......| 138 145 | 203
Doubtiul value...... 118 147 | 203
Brick and tile....... 115 144 | 203
Doubtful value. ... .| 115 141 | 204
Doubtful value. , ... 140 142 | 201
Doubtful value..... .| 140 143 | 202
Refractories. .. ..... 166 | 184-A| 206
Refractories. .. ..... 166 184-B| 207
Refractories . ....| 187 | 185-A| 207
Structural ware . ... .[...... 187 | 200
Mixtures..........
Refractories. ........
Mixtures.....
WXLUTEB: .o e msio o]
Brick and tile
Face T S
Structural ware. . ... | ... .- 335 | 214
Structural ware. ... |.ooa0e 180 | 215
Brick and tile, ...... 170 5 27
Structural ware. . ... 190 191 | 218
Structural ware. ... .| 198 189 | 219
Structural ware, . ... 186 192 | 220
Structural ware. . ... 187 | 182-A] 220
Structural ware. . .. .| 196 196 | 221
Structural ware. . ...| 195 197 | 221
Structural ware. . ... 109 190 | ‘222
Structural ware. . ...| 191 103 | 223
Doubtful value......| 192 104 | 223
Structural ware. . ... 193 196 | 224
Brick and tile. . ..o o] vos o] vosean 225
Brick and tile., ... . 201 388 | 226
Brick and txio SO R ase | 227
Flower pots. . oo overefeesnes 387 | 228
Structural ware. ... ] 00 64 | 235
£ oV T, O | A 84 | 235
Structural ware, . .. .| ... 63 | 236
Structural ware. . ... |...... T1-A| 237
Structural ware . 74 | 237
Structural ware. . 00-A| 238
Refractories, thtm’\' ...... 90 | 238
Pottery . . Sl e R ey 239
Structural ware . . ... [.... .. 78-A| 240
Refractories, white- i

o g L e 219 7 242
Structural ware. ... .|...... 70 | 243
Structural ware 224 79-A 277

+—"8,-C." stands for the elay group designated as Spokane-Clayton in the report.
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LOCATIONS AND PROPERTIES OF WASHINGTON CLAYS AND SHALES

—~Continued
Cone fusion o b Anal- :
LOCATION Fired ysis no.|Sample| See
(nearest town)| CLAY TYPE color USABLE FOR (Appeu- number| page
—10 |10-26| 26+ dix 2)
SPOKANE Cont. , ‘ _
Mioa:. .o 5.-C.c residual . .. .|.. : x | Light | Refractories, pottery | 211 04 | 246
Mica.........| 8-C. residual, ....|..... x | Light | Refractories, pottery | 210 04-B| 247
Mok, .omean] SeCrlavantemel. . .L, v ool v x | Light | Mixtures .......... 213 04-Al 240
L, DAl 61,1 e N x | Light | Refractories........ [y 726 | 249
Miea o R e e x |.....| Dark | Sewerpipe..........|...... 736 | 230
Mica.........| 8-C. lacustrine....|.....|..... x | Light | Refractories, pottery.| 214 94-C| 251
Moran....... 5.-C. lacustrine... .|.. x |i.-..| Light | Structural ware. ....[......[ ..., 253
Chester. .....| 8.-C. lacustrine....|.....[.....| x |Light| Structural ware, y
pottery........... 233 100 | 254
Chester. . ....| 8.-C. lm:nstnnr. ........... x | Dark | Struet. ware, pultery el 101|234
thester 8.-C. residual. , o B! x | Light | Refractories........ 235 104 | 255
Chester. .. ... BHAJEL L it b b x |.....| Dark | Structural ware. . ... oL G 1) v
Mead........ 8.-C. residual. ....[.....[..... x | Light | Refractories, pottery.| 241 117 | 257
Mead. .......| 8.-C. residual.....|.. ) x | Light | Refractories, pottery.| 242 | 117-A| 2
Mead........ 8.-C. lacustrine... .|..... ., Il e | B veamrenses | 244 | 118-Al 25
Mead......,. 8.-C. lacustrine. .. .|, . | D— Light | Struet. warc. pottery.]...... 118-AB| 258
Mend:........ E%-C. lacustrine....|.. .. .o x | Light | Struct. ware, pottery.|. .. ... 118-B 2{15)
Mead........| 8-C. lacustrine....{.....| ¥ [..... Light | Struct. ware, pottery.|...... 118-C| 259
Mend: . orio 8.-C. lacustrine.. . .|.....|.....] x | Light| Refractories, pottery.|......| 118-D| 260
Mead. . B0, remdiid. oo evieniloenns L Light | Refractories, pottery.| 243 127 | 260
Mead. .......| Silt (glacial). ..... wanilevii] Dark | Brick and tile. .. 2. 237 |.-... 270
Chattaroy . . % lacustrine., . .|.. ... x Dark | Structural ware, . ...|...... 128 | 261
Spokane...... -“3‘ C‘ lacustrine. . e Light | Struct. ware, pottery.|... ... i e
Spokane,.....| Shale............ ] B Dark | Structural ware. ....| 236 125-A| 268
Spokane....,.| Shale............|..... sl Dark | Structural ware. ... |...... 125-B| 268
Spokane......| Bhale..........o.] = foocai]iins Dark | Brick and tile......:|...... 714 | 270
Pokanc,.. Rl T TR LS e L Dark | Structural ware......|...... 1258 | 271
arious . . .. .. Mixtore. . ..o..... et [ s Dark | Flower pots.........|...... 133-A| 266
;\l.lnn 8.-C. residual, oo asivie]e e x | Light| Refractories. . ......|...... 130-A| 262
Milan. ... 8.~C. lacuatrine... .|.....|.....|] = Light | Refractories, pottcn ...... 130-B| 263
Milan........ Bhale il X «iv+| Dark | Structural ware. ....|...... 131 | 274
Milan. . . Shale............ o R Dark | Structural ware. ... .[...... 130 | 275
Milan, ....... Shnie x ««..| Dark | Structural ware. ., ...|...... 128-A) 276
Deer Park 8.-C. Incustrine. . o x | Light | Struct. ware, pottery.| 246 135 | 265
artfo hul ivwisfisis ] Dark | Droubtinl value. 5o ], 0 ...] 121|273
Dartford . . ... ‘5—(" req:dual ("} ..... x Dark | Structural ware. . ...|...... 121-A| 273
Buckeye. .., .. Shale. . ..........0..... x Dark | Structural ware. ... .|...... 122 | 273
8
Clayton. . .... 8.-C. lncustrine ... .} . ... | ... x | Light | Refractories, pottery.| 257 136 | 2584
Clayton. ..... 8.-C. lacustrine... .|..... ....|] x= | Light| Terra cotta..... Pl 701 | 287
Clayton. .. ... 8.-0. lacustrine....|..... x ....| Light | Struet. ware, pot.trn. 261 132 | 288
Clayton.,.... 8.-C. lacustrine... .|..... x viv.| Dark | Flowerpots.........|...... 183 | 288
Clayton. . .. ..| 8.-C. lacustrine... .|.....|..... x | Dark | Pigment.......-coou|srozen 134 | 289
Clayton. . .. 8.-C. lacustrine ... .|.....[..:.. x | Light | Struct. ware, pottery.| 270 135-A] 290
Clayton, ..... 8.-C. lacustrine....|..... ' x | Light | Struet. ware, pottery.| 271 135-B| 201
Vullcy 8.0 e fizic| T E .| Light | Struct. ware, pottery.| 277 138 | 203
Chewelah. . Silt (glacial). .. ... 2 Dark | Brick and tile. ., ....| 270 | 138-A] 294
Bissell . ..., . Silt (glacial). .. ... Dark | Brick and tile,......|...... 139 | 205
Kettle Falls. , .| Silt (glacial)......[| x [.....]..... Dark Bril‘k and tile, slip ..| 288 140 | 206
pssburg. . . . Silt (glacial), ,....| X |.oovi]vrvne Dark 300 |[...... 207
Marcus Silt (glacial). ... .. Dark Bru'k aml e e 148 | 208
Orient . Sk (giacat) s Loo )] e VL Sl Dark | Slip. . 140 | 209
‘III‘IJRBTON
Tenino. . ... Shinlesosniaies Dark | Structural ware. ....|...... 373 | 300
Tenino. ...... Shale . Dark | Struetural ware. ... .|...... 374 | 3m
Olympia, ... .. eV i e sl | S ] (g Dark | Struetural ware. . .. .| 310 ee..| d01
WAHEKIAKUM
Cathlamet. . . .| Basalt residuum,. |, ... x Dark | Structural ware. . ...[...... 3056-A| 402
Cathlamet, .. | Willapa Pleistocene| . . = Light | Structural ware. . ., . 306 | 303
Cathlamet. . . .| Willapa Pleistocene|. . ... =i | PRASE Light | Structural ware. . ...[...... 305 | 304
Skamockawa,. .| Shale. ........... ooy Dark | Structural ware. . ...|...... 303 | 303
Skamokawa.. .| Shale. .. .........] x |.....|..... Dark | Structural ware. . ... |......| 304 | 303
WALLA WALLA
General . .. .. ] Palousa: i comenill ® | s Dark | Brick and tile..... ..|...... 305

e—"8.-C." stands for the clay group designated ns Spokane-Clayton in the report.
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LOCATIONS AND PROPERTIES OF WASHINGTON CLAYS AND SHALES

—Concluded
Cone fusion a b Anal-
LOCATION Fired ¥ais no, Ssmple- See
(nearest town) CLAY TYPE color USABLE FOR (1\ page
—10 |10-26] 26+ dix 2)
WHATCOM
cllingham x .| Dark | Structural ware
Bellingham §ell .| Dark | Brick and tile, ., ....|......
Bellingham . Rl ey Dark | Brick and tile. ... ...
Sumas....... S| Dark | Refractories........
Rt s e R e e e i s X ight | Refractories.........
Sumas....... % x | Light Tactories, . .......
Sumas. . ... x |.....| Light | Structural ware
Sumas....... x |[.....| Light | Structural ware
Sumas. . ..,..| Sandstone........|oooi<foees x | Light | Mixtures,...... o
Sumas x | Light | Refractories,........
Sumas . X . ...| Dark | Structural ware. .
Sumas , L Y Ty S | b (. S x Light | Refractories. . .., ...
Sumas . i x | Light | Refractories,.......
Sumas . % lertsn Dark | Structural ware
Sumas. ,..... Shale 2 IS Dark | Structural ware
Nooksack Bhale (7). ........ - o [t Dark | Doubtful value. .. ..
Nooksnck Bhale (7). £ et yslveces Dark | Doubtful value......
WHITMAN
CAnrkaton ] Bhale s i miie s v ms fem st s e waissts Dark | Doubtful value......|...... 25-B| 320
Palouse 8.-C. ¢ Incustrine.. |, ... .0 x | Light | Refractories, bond.. .| ... .. a6 | 322
Palouse. . . ... 8.-C. lacustrine... .|.....] % [..... Dark | Mixtures........ ... 00000 31 | 322
Palouse . . 8.-C. lncustrine. .. .|.....| x oo Durk | Mixtures........... . 32 | 323
Palouse . . . ... 8.-C. lacustrine....|.....[.c... x | Light | Terra cotta, stone-
ok e PR S il 331 35 | 323
Palouse . . . 8.-C. lncustrine. .. . |.....[..... x | Light | Ter. cot,, stoneware. .|...... 34 | 324
Palouse. . . .. .| 8.-C. lacustrine. .. .|.....|..... x | Light | Refractories, pottery.|..... 713 | 324
Palouse. . . .. .| 8.-C. lacustrine. .. .|.....|.. 1 x | Light | Ter. cot., stoneware. .|, ..... 34-A| 325
Palouse. . . ... 8.-C. lacustrine. .. .|..... ...+ x | Light | Refractories, pottery.|,.. ... 29 | 326
Johnson, , ... . alouse . . .. .. o s o e Dark | Brick and tile.......| 338 23 | 320
Uniontown . . .| Palouse . . x i Dark | Structural ware. . ...|...... 25| 320
L DTSR Palouse RS AT Dark | Structural ware, ,...|...... 17 | 330
Colton . . . J Paloose. . ....onndl T lhveecloniess Dark | Structural ware. . .. .|..... 24 | 331
Rosalin: 550 Pslonsa e tioy] 3 (ol Dark | Structural ware. . ...|...... 61 | 331
YAKIMA N
Giranger. . ... . Silt-clay. . i is TR . Dark | Mixtures.......ooncfevena- 6-F | 334
Granger. Silt-clay.. . ......0 x \ Dark | Mixtores . i s 6-C | 334
ranger, Silbalay. o] X [easa Dark Structural MIATEI 1o == g ool ot 6-E | 334
Granger......| Mixture, . ........| x |.....]..... iuil Bnck and tils s s lsaTed 754 | 335
N RIS e | A I e B o L o] 2 o o bt e [ b R i ot e S e e s 398 |...... 332
a—"Dark" colors are reds and browns; '‘Light'" colors are and buffs.

b—=8ome snnl{m
made; nt.hers are of clays similar

to those sampled or

given in appendix 2 were mnde of parts o

e—""8.-C." stands for the clay group dmsnnlcd 1s Spokane-Clayton in the report,

of samples on which physical tests were
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a— Letters under this heading indicate that the analysis is quoted from, or was made by, the following:

A—Bethune, G. A., Second annual report, State Geologist of Washington, pp. 65-66, 1802,

B—Roberts, Milnor, Denny Clay Co.: Washington Geol. Survey Ann. Rept. for 1901, pt. 3, p. 15, 1902,
(—Landes, Henry, Cement resources of Washington: U. 8. Geol, Survey Bull. 285, pp. 377-383, 1906.
D—8hedd, Solon, The elays of the State of Washington: State College of Washington, 1910.

E—Sheﬁhil.] Solon, Cement materials and industry in the State of Washington: Washington Geol, Survey
ull, 4, 1914

F—Wilson, Hewitt, The elays and shales of Washington, their technology and uses: Univ. of Washing-
ton Eng, Exp. Sta, Bull. 18, 1923,
G—Private investigations, the records of which were made available to the writer.

H—Wilson, Hewitt, Kaolin and china clay in the Pacific Northwest: Univ. of Washington Eng. Exp.
Sta. Bull. 76, 1034.

I—U. 8. Geol, Survey Bull, 501, p. 270, 1915.
J—1U. 8, Geol. Survey Bull. 878, p. 71, 1937,

CHEMICAL
h Refer- | Analy-
LOCATION MATERIAL REMARKS ence or Sample| sis
Analyst number{number
a b
ASOTIN COUNTY
Lime Hill, W, 806, .50 eip0snadin swins Shale, light-gray.........| Prospect............ p ] (PG 1
Lime Hill, near bluffon N........... Shale, red and green. . ... Undeveloped. ........ Tl o 2
Asotin, 4 mi. upriverfrom.......... Clay, compact yellow-gray| Undeveloped......... 7 0, S 3
BENTON COUNTY <
PR e Clay, light-gray . ........ Old brick-yard pit....| D |...... 4
CHELAN COUNTY
Chelan, S.end of Iake. ... ....00vvaus Clay, gray silty......... Old br:ck—yard pit. . D *155 5
Chelan, S.end of lake. .............. C]sy. gr&y 11| - 0ld brick-yard £1t G 155 6
WEnBEChEE. . ... .« svessnnsrennernss uff sandy . . ...... Wenatchee B.
D PRbs s et sae G 156 T
Squillehuck Canyon. ...............| Shale, refractory........ N. W T.Brown Prosp . i Ll [ e L]
Squillchuck Canyon. . ... ... ... Shale, refractory........ N.W.L.Brown prosp . P b Q
Squillchuck Canyon. . . ....ovnuieies Shale, refractory........ N.W.L.Brown pmsp. N [l -] M 10
C. COUNTY
Port Aaigalag . e a m gy (6] [y & o R | T S 6 S s s AT Sl 11
COLUMBIA COUNTY
B9 T L e Ms YR Clay (surface). .......... Old brick-yard pit. 8] 12
L R B g e i R e Clay (2-4 ft. below surf.).| Old brick-yard pit. ...| D |......] 13
Dayton. . . ..cooveerienrananssneen..| Clay (4-6 ft. below surf.).| Old brick-yard pit....| D 14
COWLITZ COUNTY
Castle Rock, 7 mi, NE. of , .......... Calcined elay . .......... Gladding, MeB. mine.| 8 |...... 14-A
Castle Rock, 7 mi. NE.of. . ......... “c ﬁdepusn burned Gladding, MeB, mine.| 8 |...... 14-B
int'
DOUGLAS COUNTY
L RN S el e B T e e L Undeveloped.........| D |..c...] 15
FERRY COUNTY
Raprablia 0t e r s sa DG s s e e Undeveloped.........| C |......|] 18
Rockeut. . i ot e C]ay. Bty gray .« cvvnas Railwayeut. . ....... G 150 17
Laurier, terrace beds. . .. .....oveanns CHRY Bl o sv s dapaas Undeveloped. ... ... .. 15 I e 18
~ KING COUNTY
Green River, near Hammer Clay, light-gray .........| Old Auburn Pottery 8] 164 19
1w pit.
Green Riv., near Ham. Bluff......... Clayr, whibe. = iim v (lld Auburn Pot. pit. .| D *164 20
Green Riv., near Ham. Blaff......... Sand. . vesvasenee oo | OId-Auburn Pot. pit. D *158 | 21
Green Riv,, near Ham, Bluff. .. ...... Clay, urny .............. (]lg Northern Clay " >
........... 164 2
Green River, near Hammer Clay: EXaY . v 4 renr/snee Old ’\Inrth{.rn Clay g
Bluff (lower bench) Co. o o, ¥*164 | 23
Green River, near Hammer Clay, Bra¥ . ..ovrecnnynry Old Nnrt hern Clm
Bluff (upper beneh) o Pt L i s [ Y [y 24
Green River, Hammer Bluff.......... Clay, sandy gray........ "Upper prospect’ . . . .| G 159-A| 25
Green River, Hammer Bluff.......... Sand, clayey gray .. .....| "Upper prospect” . .. .| G *158 26
Green River, Hammer Bluff..........| Clay, sandy gray........| ""Upper prospect”....| G 160-A| 27
Green River, Hammer Bluff,.. . ... ... Clay, sandy gray........ “Hammer prospeet” . .| O *159 28
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K—Analyst, William Stowell & Co., Spokane, Wash.
L—Analyst, C. M. Fassett, Spokane, Wash.

M

Analyst, Elton Fulmer, Chemistry Dept., State College of Washington.

N—Analyst, Richard Marsh, Spokane, Wash.
O—Denny-Renton Clay & Coal Co.

P—Analyst, G. 8. Eldridge & Co., Vancouver, B. C.
Q—Falkenburg & Co., Seattle, Wash,

R—Bogardus Testing Laboratories, Seattle, Wash.
8—Gladding, MeBean & Co.

b—The physical properties of these samples are given in the body of this report under the respective
eounty heading and sample numbers,

*—An asterisk (*) before a number indicates that the clay having that number is similar to that
unalyzed, though not neecessarily from the same part of the deposit or, in some instanees, from
the same vieinity.

ANALYSES
4 Com-
Siliea | Alum- | Ferric | Lime | Mag- | Potash | Soda | Titan- | Mois- | bined Miscel-
Analysis | (8i02) | ina oxide | (Ca0) | nesia | (K20) | (NazO) | ium ture | water. | laneous Total
number (Al203) | (FeaOs) (MgO (TiOz) | (H20) | Ignition
1 26.28 15.32 1.57 | ‘28,72 BR[| ersihran | Hasoatpn —ortnat) ety (P B | e o 49, 06
2 72,56 | 12.04 1.38 3.16 v L UG Rl MR SR Sl A ER L T SRR A e )
3 54.52 12,14 6.20 Tr. 2.07 1.92 S AR ST e e 1| P ey ER D
4 54,92 | 18.56 .48 1.34 1.14 1.78 1.14 1.50 5.23 8.04 | MnO 0.10 | 100.21
5 59.84 16,40 4.10 5.84 0.36 1.62 2.84 1.20 0.74 5.51 1.32 .77
U 5.5 | 18.8 e a1 S e | ' lare el o pareieam e et sl Tea i e oo o i | e e s o e e
7 50.3 23.0 i I e | O S Pt s § et (S sy p sy rake]aviians
8 51.26 | 32.65 0.61 0.50 0.21 (115" T 14.22 |, ... 10000
9 44,80 | 37.35 0.41 0.58 0.09 1.29 T Ere 100.00
10 48.20 [ 34.79 0.61 5 0,12 1.07 . e 14.65 |.. | 100.00
11 35.40 | 31.20 0.70 0.4 0.18 0.52 0.36 0.00 [ 13.90 [........ [MnO:0.45 |- .00
18and 10,19
12 63.06 | 13.00 5.53 2.47 1.03 1.82 1.62 1.30 2.68 .58 1.06 10015
13 63.25 | 15.34 5.91 2.3 1.26 L.50 1.31 1.20 2.63 3.46 1.22 90,92
14 64,52 | 14.58 4.47 2.35 1.50 1.86 1.78 115 1.70 3.57 2.53 100.01
14-A 43 .48 | 53 68 0.26 1.12 0.25 U e . D8 |5 iisieznioon e
14-B 45.25 | 43.12 0.52 1.08 Ay | R RS i e 2.50 3.56 7.53
15 62.50 | 16.85 5.00 5.20 2.55 B:26 o essais 0.38 .68 |ooonnininn| DBLEI
16 0. 13 29010
17 5031 | 20.78 8.62
18 50.96 | 2236 6.52
19 62.80 | 23.04 1.14
20 66.69 | 21.01 1.14
21 81.40 | 10.65 1.90
22 81.3 14.7 0.72
Ee) 73.67 | 17.07 1.39
24 0.74 | 18.48 1.62
25 8.0 17.0 1.16
26 81.2 12.5 1.18
a L] 2.9 4.2
28 69.50 | 18.02 127

¢—Calcium carbonate (CaCOy)
d—Magnesium carbonate (MgCO.)
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CHEMICAL
: Refer- Analy-
LOCATION MATERIAL REMARKS ence or|f ‘iamE s
Analyst num number
[
~ KING COUNTY—Cont.
Green River, Hammer Bluff.......... Clay, sandy white....... T, T G 158 | 20
Green River, Hammer Bluff..........| Clay, sandy gray........| Roadcut......... o (e 159 | 30
Green River, Hammer Bluff..........| Clay, sandy gray........| Roadecut......... o | 160 | 31
Green River, Brooks place. . vers| Clay, sandy gray........| Old D-Rpit......... G 161 | 32
Green River, Brooks place........... Sand, clayey white. . ....| Old D-Rpit......... G 162 | 33
Green River, Diamond Mineral Spes.| Clay, gray stained. ... Progpeatc; s S G 157 | 34
Green River, Diamond Mineral Spgs. | Clay, gray glacial........| Undeveloped. ... .. G [l 80
Green Riv., “Flam. Geyser”......... Sand, clayey white. .. ... Shorey proapeet G 166 | 36
Girean RAVEE o vl oot e s =ve Clay, pottery. ... o] ST : i | e 37
Black Diamond (Kummer?)......... Clay;tiress i C]ay AL " P 38
MaclIntosh Bed, Green River........ e N e e e e Ao 39
Kummer, W. of old entry........... Sandstone, clayey gray...| Glad., McB. clay mine| G 167 | 40
Kummer....... T, e [T e T S Glad., McB. clay mine| B [...... 41
Kummer, old main tunnel Clay, flint fire. . ...| Glad., McB. clay mine| D | *168 | 42
Kummer, old main tunnel . , Clay, flint fire, .., ....... Glad., MeB. clay mine| D | *168 | 43
Kummer, old main tunnel. .. ........| Clay, flint fire........... Glad., MeB, clay mine| B | ¥168 | 44
Kummer; outerop’: .. .., 0.ushin iy Clay, flint fire........... Glad., MeB. clay mine| G 168 | 45
KOOI, i e e e Tt Clay, flint fire. . Glad., McB. clay mine| F | *168 | 46
Kummer, old main tunnel . . Clay, ﬂmt fire (cnlemed} Glad., MeB. elay rrune G S
Kummer, outerop ++vvo...| Clay, impure flint fire. . . .| Glad., MeB. clay mine| G 160 | 48
Kummer, old 8. tunnel, . ........... Clny. it oo o s Glad., MeB. clay mine H 171 49
Kummer, old 8. tunnel. . .. .. ........ ay, flint fire, - .+.| Glad., MeB, clay mine| G *171 50
Kummer, above old 8, tunnel .. ...... Clay, blue plns!'.le. ceveooo| Glad,, McB. clay mine| G 170 5l
Kummer, old main tunnel.. . ........ Shale, sewer-pipe. .. ... .. Glad., MeB. clay mine| D *172 52
Kummer, old main tunnel. . .........| Shale, sewer-pipe........| Glad., Me¢B. elay mine| D *172 | b3
Kummer, old main tunnel . ., Shale, sewer-pipe. .. ... .. Glad,, MeB. clay mine| 0O *72 | M
Kummer, outerop . Shale, sewer-pipe. .. .. ...| Glad., MeB. clay mine| G 172 | 55
Bayne,old quarry............... . «:| Shale, dark-gray......... Formerly rmucd ..... G 173 | 56
Durham, rock tunnel. . vvsveee.| Shale, dark-gray........ .| Near portal, . G 174 7
Big B B e N e Shale, dark-gray......... Railwayeut. ........| G 175 58
4 i e R R Clay, light-yellow ... Gladding, MeB. mine S ten 50
Taylor Clay, light-yellow Gladding, Mc¢B. mine | B |...... it}
Taylor . ("Iuy, lmht—yellow Gladding, McB. mine.| B |...... 61
Taylnr rlav tunnel . Clay, "“Hard purple
vemdael -5 Lw s Gladding, McB. mine i 0 1 s 62
Taylor, clay tunnel. . . Clay, ' Hsrd purple”
L LT (A T A Gladding, MeB. mine | O 63
Taylor, clay tunnel ., . Clay, “buff"" residual. . Gladding, McB. mine.| D fid
Taylor, clay tunnel . . Clay, “buff"" residual .. Gladding, McB. mine.| O 65
Taylor, clay tunnel.......... Clay, “white” residual . iladding, MeB. mine.| D 66
Taylor, clay tunnel. ... .. Clay. "white" residual . . Gladding, MeB. mine.| 0O 67
Taylaric 2o, .2 ﬂhnlte. paving-| bnck ...... Gladding, MeB. mine.| D 68
Taylor, glory hole . . Shale, sewer-pipe. . . ... ..| Gladding, MeB. mine | 0 (i)
Taylor, glory hole......... Shale, sewer-pipe. .. . ... .| Gladding, MeB. mine.| O 70
Tnylnr. BIOET RO, . nres ss oo einr Shale, sewer-pipe. .. ... ..| Gladding, MeB. mine. i 71
Taylorsglory hole.vo. oo ioie s Shale, sewer-pipe. .. .., ..| Gladding, McB, mine.| G 72
Taylor. . Clay, BB 5 < s iaeimn i 1g, MeB. mine (8] 73
Taylor, west uuurr) ................. Clay, fire L= ng, MeB. mine.| G 74
Renton, QUarTy:. i tinaias s i Shale, paving-brick .. . ... Gladding, McBean pit.| D 302 75
Renton, quarry, 30-ft. bed .......... Shale, paving-brick . . . ... Gilad dmg, MeBean pit.| O *302 76
Black River Jet., Y4 mile north. ., .. bhale, light-gray. . Beae, Coal M. Co. ent.| R 305 77
Enumelaw, 8 miles E. of ., P Clay, residual gray Prospect pit. . ...... i 182 | 78
Enumelaw, 8 miles E. of . Clay, residual gray .| Prospect tunnel . . G 185 79
EnumcInlw. 8§ miles E. of ... ay, residual blue. ... . .| Prospect tunnel. ... .. i 186 [ SO
Bast Twin Creek. .........o0000nnn. lay, 1 gra} ...... Prospect tunnel G 184 | 81
SE Y sec. 1, (19-8 E) Wiitedieasi | ST RREE, de(‘ompnsed Progpiet o e e e ¥ 183 82
Greenwater, 5 miles L‘ BE A s e Shale, yvellow . .| Road quarry........ 8] *181 83
Seattle, 8. part. . S T = Clay, rellou- glaeial. ... Seattle B. & T. Co....[ D *300 84
1 T e e P L Clay, blue glacial. | Seattle B. & T. Co....| D *300 | 85
KITTITAS GOWTY
1 U T T N e T Bligel oot 1 L) Undeveloped. ... .. .. BRI s 86
Hfuw}n L3y R R e R e Clay, basaltic residual... .| Undeveloped. .. ... .. R AR 87
LEWIS COUNTY
Chtghalin: o . o s hsn el e Clay, dark-colored. .. ., .. Chehalis B. & T. Co.:.| D |.....: 88
T L R e e R e Clay; yellow............ Chehalis B. & T.Co.,| D |...... 89
[ Py e e o G e e e e Clay, blue-gray..........| Chehalis B. & T.Co..| G 343 a0
Cantealin . O e d o i e T Clay, light-yellow. . Old brick-yard pit e 16 L I s o1
Centralia, . SR e SR e Clay, dark-yellow. . Old brick-yard pit. D 92
Centralia, 2 mi. N, of . , Shale, gray-brown .. ..... Ruilway cut . S 3 Levaues 03
e S e R e Clay, light-gray ......... Old L.F.F.C.Co. p:t ; D [*321-A| 94
2T L Dot it Clay, dark-gray . . Ol L.F.F.C.Co. pit...| D [*321-B| 95
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c—Calecium carbonate (CaCO;)
d—Magnesium carbonate (MgCO;)
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CHEMICAL
Ttefer- Analy-
LOCATION MATERIAL REMARKS ence or|Sample| sig
Analyst|number [number
a b
LINCOLN COUNTY
b o e e Clay, light-brown. .... . .| Undeveloped......... Dl e 06
OEANOGAN COUNTY
Wauconda, 1 mi. Noof.............. Clay, light-yellow. ....... Undeveloped. . 07
Havills, 1 mi. E. of .oo.| Clay, light-yellow. .......| Undeveloped.. 98
Scotch Creek Basin Clay, blue gritty . . ...... Undeveloped 99
Scotch Creek Basin, Hess
farm, sec. 25, (35-26E)........... Clay. blue gritty . ....... Undeveloped. . . S e 100
Conconnully, Pendergass farm.. . ... .. lay gritty, earthy. ... .. Undeveloped. ... . ... Bl sl 101
OkANOZEN . sy e s sa e aasne | R R S Undeveloped. . . D | *154 | 102
Brewster, 1 mi. NE. of. >3 Clay. gritty silty . . ..| Coulee bank......... G 154 | 103
Oroville, Y4 mi. BE. of . . . .| Clay, gritty silty........| Riverbank.......... G 153 | 104
Oroville, 2'mi, B.of ... cviwnsies Arallite, grsphlhe cosaanl ER i mdes o G 152 | 105
PACIFIC COUNTY ; b
Knappton, neardoek. . ............. Shale, gray concretionary | Ravine sides. ........ A 1| 106
PEND OREILLE COUNTY
Newporty 8E; of - iove s aah il Clay, white sandy ., .. ... Prospects.........o0 0l e 107
Newporty SE. of....ovvvviivans sonel Clay, YelUOW . v vvreonsse Prospeets............ Ty 108
Wolfred, 3 mi. Noof . .......cc0uunn Clay, dark-gray .. ....... Undeveloped. ... ..... i
el o R Undoveloped. ...
en "y . . "aa P .
C|?sick :{“ncar;. x Cln;. darkjgrmﬁ. Undeveloped. .

Ruby (near)

Clay, dark-gray .
Blue Slide, %

Railway cut .
Clay. dark-gray .

Railway tunne

Cement [ Portiand} «| Clay, gray.. River flat. ... .

ment [ ««| Clay, carthy yulluw ..| Railway cut . e
Coment . . .. .. Clay, {elluw:sh-hrown. =5 Undovelopecl .........
Cement...........cooovunesrenrnys| Clay,blue.............. Prospect .
Cement Prospect. .. ....c...0 ¢
Cement
e L i s s
Cement
Cement

ment
Cement
Cement
Cement . .
Cement .
Cement . .
Cement , ..

ment . ...
Cement
Cement
Cement
R e et AT
B e L e T U S Ay,
Cement ., ........ W v M e B ‘ihull.t light-gray . .......
O e e e ) , dark gray-buﬂ' e
Metaline, 3 mi. S. of ‘Sh e, d
Metaline, 2 mi. S, of -| Cl
Metaline Falls. . ..., Shal e. Sullwan Creek bank . .
Metaline Falls. . Shule, nearly black .| Bullivan Creek bank. .
Metaline Falls . . Shal SBullivan Creek bank . .
Metaline Falls Shnlu. Sullivan Creek bank . .
Metaline Falls ., Shale . Sullivan Creek bank . .
Metaline Falls. .. ... ....... .| Shale .| Sullivan Creek bank . .
Metaline Falls (S8and Creek). ........ Ciay. e = Inland P. C. Co. pit. .
Metaline Falls (Sand Creek)......... Clay,blue. ............. Inland P. C. Co. pit. .
Metaline Falls (Sand Creek)......... bh grayish..... ... .. Inland P. C. Co. pit.. .
Metaline Falls (Sand Creek) nle. “Diamond". ... ... Inland P, C. Co. pit. .
Metaline Falls (Sand Creek) Shale, " Diamond'". Inland P. C. Co. pit. .
Maetaline Falls (Sand Creck) Shale, “Diamond" Inland P. C, Co. pit
Metaline Falls (Sand Creek) Shale, “Diamond'’, nland P. C. Co. pit
Metaline Falls (Sand Creek). .. .| Shale, *Diamond" nland P. C. Co. pit
Metaline Falls (Sand Creek). Shale, “*Diamond’ nland P. C. Co. pit
Metaline Falls (Sand Creek). Shale, “Diamond’" nland P. C. Co. pit
Metaline Falls (Sand Creek). .| Bhale, *Diamond". Inland P. C. Co. pit
Metaline Falls (Sand Creek). e, "'Dinmond" .| Inland P. C. Co. pit
Metaline Falls (Sand Creek). Shale, *Diamond"" ...| Inland P, C. Co. pit
Metaline Falls (Sand Creek). . Shale, “Diamond”" .. .. ... Inland P. C. Co. pit

Shale, "Diamond".... ... Inland P. C. Co. pit

Metaline Falls (Sand Creek)
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c—Calcium carbonate (CaCOs)
d—Magnesium carbonate (MgCO;)
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Clays and Shales of Washington

CHEMICAL
) Refer- Analy-
LOCATION MATERIAL REMARKS ence or|Sample| sis
Analyst number|number
a b
PEND OREILLE COUNTY—Cont. , y .
Metaline Falls (Sand Creek)......... Shale, “Diamond”, . ..... Inland P. C. Co. pit. . EE ...... 162
Metaline Falls (Sand Creek). ........| Shale, “Digmond".. ..... Inland P. C. Co. pit. . 1': ...... 163
Metaline Fails (Sand Creek)......... Shale, "Dmmond“.. .ossr| Inland P. G, Co. pit..| E |...... 164
Metaline Falls (Sand Creek)......... Shale, “Diamond”. . Inland P. C. Co. pit..] B [...... 164-A
PIERCE COUNTY
La Grande, 1 mi. Noof.,.........c.. Clay, terra cotta, ....... Old D-R pit...ooones D [¥184-Af 165
La Grande, 1 mi. N. of. .. Clay, residual gray . ..... Old D-R pit..ooooe G | 184-A] 166
La Grande, 1 mi. N. of Clay, residual mottled.. . .| Old D-Rpit......... G| 185-A| 167
T e e e S Clay, residual gray . . Far Wt'z-i B.&T.
o Dlbi s alo s sisminve a G 186-A] 168
! (" e - A N W o e Clay, residual greenish. . .| FarW, B &T. Co. plt G | 187-Af 169
Catisnade:, .. .. L9 P oS el Shale, nearly black. . . ... Carbon River bank...| G 180 | 169-A
SAN JUAN COUNTY
Roche Harbor........c.orvunnnn.ns Clay, glacial Bluff outerop. . ...... C
TONEG M HrhOE S 508 il o8 S ls s aiats Clsy glacial . . Bluff outerop. . ...... C
Orcas Island, NW. shore . . Clay, glacial . . Bluff outerop........ C
Oreas Island, NW. shore............ Clas'. elacial Bluff outerop. ....... &
Oreas Island, NW, shore. . .......... BHRA T - v sy g siine Bluff outerop........ c
Oreas Island, NW. shore SRRl sy otiidaiaed Bluff outerop. . ...... LSRN AP 175
Enst Sound, sec, 21,(37-1 i e e Cln). glacial gray........ Old brick-yard pit. ... A o 176
Lopes, 314 mxi. W. 0F. s v oanjosranenes Clay, glacial gray. Bluff outerop . . ... .. U T e 177
SEAGIT COUNTY
Concerete . . Clay, glacial blue-gray . . .| Old Wash.P.C Co pit (] 192 | 178
Conerete Clay, glacial blue-gray . . .| Old Wash ) c #1092 | 179
Conerete Clu}, aeial blue-gray . . .| Old Wash D *102 | 180
Conerete Clay, glacial blue-gray . . .| Old Wash E *102 | 181
Conerete Clay. lacial blue-gray . . .| Old Wash E #1092 | 182
Conerete Clay, glacial blue-gray . . .| Old Wash, E *192 | 183
Conerete ny, glacial blue-gray . . .| Old Wash. Co. ¢ g *192 | 184
Conerete . . Clny. glacial blue-gray . . .| Old Wash.P.C.Co. ]Jll. E *192 | 185
Conerete., Clay, glacial blue-gray . . .| Old Wash.P,.C.Co. pit.| G 192 | 186
Juckman Creek, 2 nn e MR LSRN (‘ln) glacial blue-gray ., | U ndwalnpul ......... D [*192-A] 187
Jackman Creek, 2 mi.up............ ay, glacinl blue-gray . . .| Undeveloped.........| E [*192-A] 188
T A R T re Al Clay, glacial bluu-gmy. ..| Prospect pits......... b *192 | 189
Yan Horn,: 3 min B of oG, Argillite, gray. o b 2 S G 101 | 190
814 0ec. 30, (B5BE) .. ..conviiinanss Clay, talcose xra_\. Undeveloped.........| G 193 | 191
S 14 sce. 30, B58E). ... .0ouvanss Clay, taleose gray . Undeveloped.........| G 104 | 192
Prairie, M mi. 8. of.., ... oo inainass (‘lay. graphitie, black . . Undeveloped. ........ G 195 | 193
PrBITIE . . e it e e e e e Undev c-lnpod. merened] B L. 104
1 e T R R R e e S e el i (‘Iny. glacial blue. ... .... Railway cut . G 197 | 195
Haoogdal (‘l:ly. glaual yollm\ Railway cut......... G 196 | 196
T T R AR R = lue-gray . Former brick yvard. . D | *190 | 197
MEONEOYTRY - - < orvamscd vonivisis s avivs o ‘ihﬂlr. brown. Road cut. . ) 180 | 198
L g e e et Clay, hlue alluvial .. .. Knapp B.&T. Co. pit.| G 190 | 199
Cumberland (Conner mines). ........ Chu. ............... Coal prospect. . .. .. .. | AT 200
SNOHOMISH COUNTY
Lol B 0 | T D O R Clay, glacial. .. ... 0cvaen Undeveloped. ........ [& *388 | 201
Index, 2 mic B ol . ovsvnsnsasennn Clay, glacial . couvieien Railway cut,........ E *388 | 202
. SPOEKANE COUNTY
E-JY_okurm. 13th and Perry 8ts......,..| Clay (Latah). .| 40-foot bank. . s SRS PN 203
Mi Clay (Spokane-Clayton)..| Well................ i FRA 204
Clay (Latah)........... Bed 20 ft. thick or
more. J 205
Clay (Latah shale) . P.& S. Ry. cut . P I R 206
Clay, gray coarse G:sdd’utu:, MeBean mt D *H4 207
Clay, gray fine. . .| Gla MeBean pit.| D *04-13| 208
Clay, gray fine. . G MeBean pit.| D *04-B| 200
i Clay, light-gray . .| Gladding, MeBean pit.| G 94-B{ 210
Mice, nortl Pt L, e e | GURECHERETIVE S ing, MeBean pit. 3 94 | 211
Miea, north pit Clay, gray fire (washed). .| Gl MoBean pit.] H |...... 212
h , south pit. Hoye WhIYE ..« o os ioens s il MeBean pl! 3 O4-A1 213
\‘Itta. W. side of vnlle\ .............. Clay, coarse gray........ W.B.L. &ﬂ P.Co. pit.. G 94-C| 214
Mica. W, side of valley. . Clay, blue plastic........ W.B.L.&S.P. Co mt 1l 215
Manito Station Clay, brown. ........... Undeveloped . o] S LT, 216
Manito Station . . Clny. dark-gmy fine..... Undeveloped.........] G |...... 217
Manito Station Clay, dark- §ray fine. . ... Undeveloped . .. ... . .. ¢ | L 218
Freeman, northopit. ....ooiaiianin) Kaolin, sandy residual W.B.L.& 5.P.Co. pit..] D *78 219
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ANALYSES—Continued
Com- i
_ | Biliea | Alum- | Ferric | Lime | Mag- | Potash | Sods | Titan- | Mois- | bined Miscel-
Analysis | (8i02) | ina oxide | (CaO) | nesia | (K200 | (Naz0) | jum ture | water. | laneous Total
number (Al203) | (Fe203) (Mg0) (TiO2) | (Hz0) |Ignition
162 71.40 14.04
163 68.40 12.04
164 7440 13.00
164-A 64,60 14.88
165 67.24 | 19.23 2.50
166 67.4 24.6 1.44
167 65.4 2.4 1.86
168 61.5 28 4 1.20
169 2.5 23.90 fi.54
168-A 8.7 25.3 4.25
170 55.81 26.28 cb.34 | d3.39
171 56.35 24 62 ed. 66 | d2.58
172 57.3 2]1.4 e 1 d3. 1
173 53.2 239 c6.3 dd.1
174 62.8 19.2 clf).2 dh.9 |,
175 39.80 21 62 €20.10 | d2.91
176 50.02 | 21.08 4.56 3.88 2.90
177 50.40 | 19,58 44 4.26 4.13
178 58.75 25.94 cd 06 | d4.47
179 55.90 25 50 o490 | 42,83
180 57.06 | 16.16 | 8.30 5.06 3.20
181 57.24 24.76 5.44 4.86
182 57.42 24.68 566 4.58
183 56.78 25.56 5.12 4.30
184 57.36 25.06 5.36 4.56
185 56, 64 25.80 5.26 4.26 |.
186 55.2 21.3 ) U (N
187 54.18 | 18B.05 9.91 4,17 4.51
188 60.21 | 16.21 5.10 2.00 4.15
189 56.18 | 17,37 8.80 4.60 4.14
190 5.1 20.9 8.65 z i
191 43.2 20.0 8.06
192 43.4 156.2 8.65 |.
193 49.0 25.2 9.38
164 56.04 | 2256 8.70
195 52.6 2.3 8.65
166 55.3 20.0 7.80
187 49,66 | 19.94 0.27
198 50.01 | 24.8 9.88
109 5.4 20.9 7.60
200 40,73 | 82,57 1.99
201 1.6 25.4 e7i2 a2.3 e | (B 8 12050 (e e s v
202 || 53.56 | 25.26 886 2.66 2.05 0.43 L1 2| ISR P BORL e was 2911
20 Lo N P PRSRR PFRPAEDG RRERIER (R ERPIE R PSR NSRRI (STERAPITR OHRRrA R IR AR
204 e L e P O U om0 d I i i s PR 0n | el it Hucesti =z,
205 70,00 | 19.00 |........
206 S6.00 | 23.00 |........
207 75.04 | 19.18 0.76
208 54.80 | 31.10 1.68
209 72.68 | 13.15 2.0
210 56.4 30.8 1.5
21 36.0 30.5 21
212 47.3 37.8 0.9
213 46.0 a8.2 1.8
214 0.4 281 1.5
215 45.2 385 3.1
216 37.0 40 .4 13.9
a7 38.0 36.5 15.5
218 7.2 41.2 14,0
210 61.72 | 18.53 2m

¢—Calcium carbonate (CaCOy)
d—Magnesium carbonate (MgCO:)



350 Clays and Shales of Washington

CHEMICAL
Refer- | Analy-
LOCATION MATERIAL REMARKS ence or Sample  sis
Analyst number number
[ b
SPOEANE COUNTY—Cont.
Freeman, north pit. .........ooo0.e Kaolin, sandy residual. . .| W.B.L.& S.P.C D | *78 |22
Freeman, north pit...............0. Kaolin, sandy residual. . .| W.B.L.&8.P.C F *78 | 221
Freeman, north pit, . .......coveeenns Kaolin, very sandy
ki e R | W.BL.&S.P.C K *80 | 222
Freeman, north pit. .........c..co Kaolin, washed .......... W.B.L&S.P.C | [F R 223
P‘reeman' south o A O Clay, brown Palouse. . ... W.B.L.& 8.P.C D | ¥79-A| 224
Fmaman gouthipid- oo o (,lnj brown Palouse. . . .. W.B.L.&S.P. D | *¥79-A] 225
.............. S smrenana i) Ondeveloped bR T
Cheney. o T U o et ot (,,Isy Paloura. ... c.ooamn Undeveloped D | *70-A) 227
Moran Prairie. Clay, gray-white. . ..., .. F urmerl} mined. . Te AN M ] 228
Chester, 2 ¢ mi, B, of ......cc000e. Clay, light-yellow. .. .... Sommer's pit Do s 229
Chester, 2 }g mi. B of.......con00us Clay, white............ ‘iormner s pit B e 230
Chester, 2 micE ol 2 s Clay, brick . ... ... 00 Sommer's pit | J (e 231
Chester, 2 24 mi. E.of . ........o00 Clay, light-gray......... Sommer's pit........ D | *100 | 232
Chester, 2 % i RO e e e Clay, light-gray .. ... ... Sommer’s pit . G 100 | 233
Chgater A Tt D) B A Clay, light-gray......... Sommer'spit........ B s 234
SW 3{ sec. 30, (25-45E).......c0nus Clay,gray... 0 oo Barkuloo prospect. ...| L | *104 | 235
Spokane, W, of Latah Creek. ........ Shale, softened. . ..., ... Old Dighman pit. .. .. D [*125-A] 236
e R e LT e L R Clay, soft gray.......... Old Davie's b | e el 237
Spokane, 6 mi, N.of. . ...vuuieennnns Clay, light-cream. . ......| Undevelo D it 238
Trent (Smead place).........cc0n0000 Clay, nearly white. Undev: {'lO])Nl ) L 239
o Ty e e e e A Clay, gray. . . ... Undeveloped . D *135 | 240
S. center sec. 11, (2644 B) .. ........ Clay, gray residual ] Well.. ... G 117 | 2411
SW 14 sec. 23, (2644 B ... . .ieens Clay, gray residual. . . ...| Well........ e H 117-A| 242
Center sec. 21, (ZT-4A B, . i iievesns Sand, clayey residual. ... Well..........00vu0e G 127 | 243
SW 14 snt,. 2T, (2744 WY /o Lol Clay, gray fine. .. .......| Fuher prospect.......| G 118-A| 244
SW A Y B R e Clay, gray fine.......... Fuher prospect.. ... .. M [*11B-A| 245
NE iy (242 B, .. rereres 1Y, WHRILE v varre e nininis Conner pit, . . G 135 | 246
NE %4 ser:. 4, (2042 F) . ..o Clay, light-gray . ........ Conner pit (N.side)..| G *135 | 247
NE 1 sec. 4, (2042 E)...... LI et Clay, white.........c000 Conner pit (N. side)..| G | *135 | 248
NE 14 sec. 4. [ b ) IR P e Clay; white. ... v vees Conner pit [S su‘]e) F G *135 | 240
NE 34 sec. 4, (2042 B} . .....coucanrn Clay, white sandy ... .... Conner pit. . el kR *135 | 250
STEVENS COUNTY
ARG e el Clay, light-yellow W.B.L.& 8.P.Co. pit..| D 251
Lo T e i A e s Clay, dark-vellow........| W.B.L.& 8.P.Co. pit..| D 252
EAMEONE] . vn st eiacs e 2 = ln el e Tt iy, BEok . . rinen e W.B.L.& 8.P.Co, pit..| D 252-A
Cliytonicnn S S g o Clay, light-gray.........| WB.L&S.P.Co.pit..| D |...... 253
GOSN o o ala i A s e Clay, white sandy , .| W.B.L.& 8.P.Co. pit. D 254
CIAYIONL ¢ s vy v e v nimme moa s saraa's Clay, white fine......... W.B.L.&S.P.Co.pit..| D |...... 255
GBI n e me e DNy S Clay, “Clayton plastic” . .| W.B.L.& 8.P.Co.pit..| F |...... 256
Clayton. .. .. ....ccovuineunnrsnnras Clay, gray-white. . ... ... W.B.L.& 8.P.Co. pit
(Eaide) =00 G *136 | 257
i 1L A o T R Clay, gray-white........| W.B.L.& 8.P.Co. pit
. (B side). iiaieiha G *136 | 258
o T s, MU W Clay, dark-gray......... W.B.L.& 8.P. Cu pit
(SE. corner) . ) G *136 | 259
Clayton, 2 mi. N. of .. .... .| Clay, gray-white . Undeveloped G *135 | 260
N. center sec., «-| Clay, gray-white .| A. B. pit G 132 | 261
N. center sec, 32, (30—12 r‘} % -+| Clay, nearly white, +| AR pi G *132 | 262
N. center sec. 32, (3042 B).. ....... Clay, nearly white. .| A. B. pi G *132 | 263
N. center sec. 32, (3042 E).. ........| Clay, light-gra .| As B.pi G *132 | 284
N. center sec. 32, (3042 E).......... Clay, nearly white, .| A.B. D *132 | 285
N. center sec. 32, (3042 E}. ..ovvuusn Clay, nearly white AL B D *132 | 266
N. center sec. 32, (3042 B) .o, c0vevvs Clay, nearly white.......| A. B. D *132 | 287
N. center see. 32, (3042 E) ..........| Clay, nearly white.......| A. B, K *132 | 268
A Bopit, 2o Waof L. oo iaiaen Clay, light-gray ......... Well i 2| 269
SW 14 sec. 34, (3042 E) .. ...convnrs Clay, gray-white. . ... ... Neafus tunnel........| G 135-A| 270
BW 34 sec, 34, (3042 E).....c.ciu-n Clay, gray-white. .......| Neafus N. pit........ G | 135-B| 271
BW L4 sec. 34, (B042FE) .. ...c00enn. Clay, light-brown........| Neafus pit........... G |*135-B| 272
SW M sec. 34, (3042 E) ... ..conns ey, white: . sy e vorie Deer P. Nat. P. Co., .| N [*135-B| 273
SW L seo. 34, (042 E).........0.. Clay, “yellow ocher ..:| Deer P. Nat. P, Co.. o B T 274
SW M gec. 34, (3042 E).......000ns Clay, “red sienna' <oe|iDBer EINaR P Go, . | (NS0 275
NW i sec. 20, (3141 E) .. ......u0n Clay, nearly white. .. ... Iron prospeet........ DE |..i... 276
NW 1{ sec. 30, 3141 E)........... Clay, fine gray.......... Kulzer tunnel. . ... ... G 138 | 277
Valley, 4 mi. NE. of .. ... c..ouannsn Shale, white to purple....| Undeveloped.... ..... 1 D SR 278
Chekelah LW e, T L Clay, gray soft. ......... Old Chew. B, CD ‘pl.t G 138-A| 279
Colville, 1 mi. ‘NE b e S Clay, gray soft.......... Formerly us G [*138-A
Colville, just E. of. ... .c0isivevissarsnss v, sandw. .. oo Formerly used . . ..... G |*138-A] 281
Colville (n near ball park)......coove: (o] g snndy ............. Formerly used . . ..... G [*138-A| 282
Colville, 3 mi. 8. 0f. .........c0nvnns Shale,gray............. Railway cut. . ....... (| e 283
Colville, 7 mi. NE. of............... Shn!e ]m:k hm-d ...| On Clugston Creek...| E |...... 284
Colwille, 3 mi. 8 of 0oLt aviaisie: Shale, light-gray. . A I8 5T T R A B |... 285




Appendix 2 351

ANALYSES—Continued
Com-
| siliea | Ahum- | Ferric | Lime | Mag- | Potash | Soda | Titan- | Mois- | bined | Miscel-
Analysis | (Si02) ina oxide | (Ca0) | nesia | (K20) | (Na20) | ium ture | water. | laneous Total
number (Al203) | (Fe203) (Mg0) (TiD2) | (H20) |Ignition
220 73.58 17.29 1.73 Ty, 0.32 0. 0.04 0.86 544 9066
221 77.00 | 13.80 1.70 0.93 0.54 0.28 1.42 B e C 5 Tl RN 100,57
222 89.5 7.0 Tr, b 0.3 e e | P o P did 32 V] 99.6
47.50 | 36.06 1.60 0.92 0.55 0.04 1.78 {11 L (R 1280 |avaosatiais] 10089
224 59.02 | 16.65 8.25 2,22 3.71 2.14 202 |...inn.- o OWRE | LT R Rl 100. 10
225 65.06 | 18.28 4.80 1.51 0.72 3.52 0.11 1.70 LA | P e .| 100.04
226 73.83 | 15.54 2.00 0.64 0.44 1.74 0.76 0.30 0.90 448 oo e 100. 63
227 64.98 | 15.57 5.34 1.64 0.94 1.40 1.60 1.15 2.75 4.33 99.70
228 52.8 28.5 O e O ey P i o e L ey OO0 PP S oo L e ey
229 59.04 | 25.74 5.08 0.22 0.06 0.12 Ty 0.52 0.39 it B PR 99,98
230 76.96 | 16.39 0.31 0.40 0.08 0.20 Ty 0.44 0.29 b | e R 100,55
231 52.32 | 30.88 1.70 0.80 0.46 1.50 Tr. 0.52 1.76. | 1008 |....... ceeen| 99,82
232 58.13 | 19.01 .84 2.06 3.17 2,03 LT | B (it & | (AR 99 .89
51,66 | 35.86 1.16
234 60.556 | 26.37 2.43
235 60.08 | 28.83 3.79
236 59.50 18.93 4.69
287 60.53 | 16.15 6.28
238 6716 | 19.26 3.26
239 71.28 | 17.46 1.80
240 51.22 | 33.52 1.72
241 54.88 | 2.4 2.78
242 58.52 | 29.13 2.60
243 7048 20.79 1.13
244 5444 | 32.22 2.28
245 69.75 | 20.91 1.34
246G 7T 20,7 L6}
N7 5.0 24.9 1.74
248 59.2 28.6 1.74
249 57.4 20.4 1.4
250 1.4 21.5 0.87
251 62.56 | 23.96 4.70
252 65.80 | 18.78 5.42
252-A 65.00 | 16.26 3.5
253 49 .67 | 32.38 1.50
254 5364 31.06 1.82
255 51.86 | 33.00 2.39
256 53.20 30.72 2.40
257 30.1 2
258 al.4 33.9 2.
R Srreteeete an 3.2 2,
T R S 28.3 1ii:
261 67 .8 22.7 1
e | [ ) 27.1 1.
263 e e AT 1.
204 50.9 20.5 1.
265 65.66 | 21.98 1;
266 58.06 | 20.04 1.82
267 61.64 24.20 2.10
268 69.2 18.7 1.5
260 68.3 17.8 3.34
270 59.2 25.3 2.5
a7 il .4 24.6 28
272 1.3 24.2 11.62
273 61.18 | 24,96 8.04
74 3530 | 28.09 | 20.11
275 27.02 | 20.29 | 48.51
276 69.12 23.40 0.96
277 57.2 25.4 1.76
78 28.36 2,29 5.39
279 52,2 211 6.06
280 52.7 18.9 4.76
281 52.4 20.5 7.80
282 5.2 18.9 5.78
283 42.4 10.9 0 ] DS iall S
284 72.64 | 12,70 3.00 1 Al [ T 82 ] PSR By (e e R 4
285 41.28 10.31 2.83 | 21.03 3.12 A oy 19 .42 98,39

F
|
|




352 Clays and Shales of Washington

CHEMICAL

.-\nsly-
LOCATION MATERIAL REMARKS sis
number
STEVENS COUNTY- Cont. ) y
Rettls Fale o amini: Clay, gray silty . . ....... Old brick-yard pit. ... 2586
Kettle Falls (foot of Rickey 1
T o T IRV ias v sasieans Undeveloped......... 287
- Kettle Falls, Yy mi. 8. of . ........... Clay, lgay gilty...oouenn Formerly mined. .. ... 288
Kettle Falls, 5mi. 8. of . ............ Shs WL D e [ o :289
Kettle Falls, 6 mi. 8. of ........ .| Shale, brown_ ... ... Road eut............ 290
Mareus, across river from Clay, dark-gray Railwayent...... ... ‘291
Marcus, 3 mi. N. of.. Clay, silty gray . . Road cut. . .. 202
Evans, ¥ mi. N.of.......... Clay, light-gray . . Road cut 208
ivans, M m . Noofi oot csvinvans Clay, light-gray Road oub. . .0viiine 204
Bossburg (in town)........ooo0nin, Clay, light-gray......... Road ok voviviiv soes 295
Bossburg (near). .............. .| Clay, light-gray ......... Rasmussen place. .. .. 206
Bossburg (near)............... Clay, light-gray (slip). .. .| Formerly mined...... 207
Bossburg (neaf)..........c.o.x. Clay, light-gray (slip). .. .| As used at Clayton. .. 208
Bossburg, 4 mi. N. of , dark-gray......... Railway cut......... 299
BasiRgrai R e R e Clay, dark-gray . ........ Fitzgerald pit........ 300
Bosshurg. .. . i ety A C ]tﬁ'. light-gray......... Fitzgerald pit........ 301
Bossburg, 1 mi. E, of Shale, blue-gray......... Undeveloped, ........ 302
Bossburg, 4 mi. E. of Shale, blue soft.......... Undeveloped......... 303
Northport, across river from......... Clay, yellowish-gray . . ... Railway cut......... 304
Northport, 21 mi. B.of. ... . .ocvuun Clay, yelln\nsh-—grny ..... 0Old brick-yard pit. . . . 305
Northport, 24 mi. NE. of, ., ........ Clay, g[:uy compnct .| Bailway eut......... 306
Northport, 1 mi. SE. of.............| Shale, blue-gray. . ««o| Bailway oub......... 307
Addy, 8mi. NE.of................. Shale, brown soft. ... .. Railway eut. . ... .. 308
Addy: ¥ i NB ool s e S Shnle. light-gray .. ... .+| Railwayeut..... ... 300
THURSTON COUNTY
Olympin (NeAT). . o v o vionisis annneins Clay, glacial ... .....c.u Undeveloped......... 310
WE&TUOM GOURTY
Sumas, 3mi. 8. of...........c00000 ek .. .| Old clay mine,D-R.Co. 311
Sumas, 3 mi. SF‘ nf ................. Shale . 0ld elay mine,D-R.Co. 312
Sumas, 3mi. BE. of .......c.onnrnnns Shale . <+« -| OM elay mine,D-R.Co. 313
Sumas, 3 I DRI e RPN S S Shale, blue (“Tiger). .. .| Old clay mine,D-R.Co. 314
Sumas, 3 mi. 8E. of ... o.ioinaainan Shale, blue (“No. 6") .. .| Old elay mine.D-R.Co. 315
Sumas, 3 mi. BE. of .. i1l i Lailin Shale, bluish (“No. 5™)...] Old clay mine,D-R.Co. 316
Sumas, '3 mi 8B. of .. ivi v evemivnnens Shale, bluish (top half).. .| Old elay mine,D-R.Co. 317
Bumaa, 8 mi B 0f. ¢\« caevrssasss Shale, brown sandy. .. .. Old clay mine,D-R.Co, 318
Sumas, 3 mi. 8E. of.................| Shale, gray ("No. 18")...| Old clay mine,D-R.Co. 319
Sumaus, 3 mi. SE, of. . cevaaeee| Shale, gray (" No. 20"). . .| Old clay mine,D-R.Co. 320
Sumas, SE. of (on Smith pI i Shale, yellow-gray. ... .. Brown prospect . ... .. 321
Sumas, SE. of (on Smith pl.) Shale, yellowish . .| Brown prospect G 322
Kendall, 5 mi. NW.of Cla} glacial . Railway cut . E 323
See, 34, (40-5E). . Clay, glacial . . Undeveloped. . . . E 324
Kendall distriet Clay, glacial , Railway cut . , .. C 325
Kendall distriet. .. ......... ... 000 Clay, glacial............| Railwaycat......... 328
Hendallidtntratsses st saimsrei s hvglirler oo T Undeveloped......... 327
KendmIl'GIOEIOL ... o mimsidim csimrnmrvd APEUARDO, ooy oy o aipicee Undeveloped.,....... 328
Bellingham Bay....... ..., ... IRV DOIRREY o a5 U ool el 9 e Coviracs D Lesoigle 8 st 320
BB Ot S s (o P e Clay, glacial .. .. ououesn Olympie P.C.Co. pit 230
wmmm COUNTY
Palouse, 1 m| A TR Clay, white. . ........... Cox pit 331
Palouse, 1 ‘i of Clay, white. .25 oo Coxpit =Lt mn s 332
Palouse Clay, light-colored e s 333
Colfax Clay, Palouse Undeveloped 334
Colfax . .| Clay, Palouse Undeveloped. . 335
Colfax, 4 mi, N, of... .. .| Clay, Palouse .-| Undeveloped. . 336
Colfax, 83l N 0f .o 0h i i sy Clay, Palouse.......... Undeveloped 337
YAEKIMA COUNTY
oy T, L e e | 5] ChT e S S . Undeveloped. ........ 338
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Appendix 2

ANALYSES—Concluded
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d—Magnesium carbonate (MgCOjy)

c—Calcium carbonate (CaCO;)
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APPENDIX 5—TABLE &
CLAY PLANTS IN WASHINGTON, 1937

LOCATION OF PLANT

NAME OF FIRM CLAY USED PROCESS DRIER KILNS PRODUCT
COUNTY PLACE
Chelan Chzel.m_l. . St. Luise Bros. Brickyard Surface loam Soft-mud Open air 1 Seove Common brick.
mi. N. of.
‘Wenatel Wenatchee Brick & Tile Co. Recent alluvial Stiff-mud Open air 2 Beove Common brick, rough-textured fnce brick, hollow brick.
Clark Rigget_ield_h i, B. Muffett Brick & Tile Co. Willapa Pleistocene Stitf-mud Open-air shed 1 Secove Rough-textured face brick.
mi. .
Vancouver Hidden Brick Co. Willapa Pleistocene Soft- and stiff-mud Open-air racks 1 Beove Common brick, rough-textured face brick. -
Cowlits Kalama Dromore Pottery Spokane-Clayton lacustrine | Casting and turning Open air 2 Kerosine-fired up-draft | Art pottery.
King Auburn Auburn Poettery Co., Ine. Puget Sound glacial Pressing and jiggering | Hot room 1 Round down-draft Flower pots.
Auburn Lange Pottery Co. Spokane-Clayton lacustrine | Jiggering and turning Hot room 1 Round down-draft Art pottery, ovenware.
Renton Gladding, MeBean & Co. Various shales and clays Stiff-mud, dry press, & Tunnels 1 Harrop tunnel; 4 round,| Refractory brick and specialties, paving briek, acid brick, blow-pit brick,
special hand molding ‘Ei mt&ngul&r down- red face brick, roofing tile, glazed wall block, quarry tile.
T
Seattle Abrahamsen Brick Co, Puget Sound glacial Stiff-mud Tunnels 1 Continuous Commmon briek, rough-textured face brick.
Seattle Builders' Brick Co. Puget Sound glacial Stiff-mud Tunnels 1 Continuous, 5 round Common brick, rough and smooth-textured face brick, radial chimney
down-draft brick, hollow block, drain tile.
Seattle Builders’ Brick Co. (formerly Lohse | Puget Sound glacial Stiff-roud Tunnels 1 Continuous Common brick, rough-textured face brick.
Brick Co., inoperative)
Seattle Builders' Brick Co. (formerly Puget | Puget Sound glacial Stifi-muad Open air 1 Continuous Common brick,
Sound Brick & Tile Co., inoperative)
Seattle Northwest Pottery Co. Puget Sound glacial Pressing and jiggering | Hot room 1 Rectangular up-draft Flower pots.,
Seattle Potlatch Pottery, Iue. Out-of-State Casting, pressing, and | Hot rooms 1 Down-draft Art and tableware.
hand modeling
Seattle Seattle Brick & Tile Co. Puget Sound glacial Stiff-ruud Tunnels 2 (&nntinuoua. 2 round Clﬁ:u_nor;u:rick, rough and smooth-textured face brick, hollow block,
OWIE ain tile,
Seattle Seattle Pottery & Tile Co. Puget Sound glacial Pressing, ‘f‘iinerins. and | Rooms 2 Semimuffle rectangular,| Flower pots, mantel tile, quarry tile,
stiff-m 1 round down: t
Seattle Washington Pottery Co, Puget Sound glacial Pressing and jiggering | Hot room 1 rectangular up-draft Flower pots.
Taylor Gladding, McBean & Co. Shale Pressing Floors, hot rooms 14 Round down-draft Sewer pipe, flue lining, electrie conduit, acid-resisting elay pipe.
Woodinville Bothell Brick & Tile Co. (inoperative)| Puget Sound glacial Stiff-mud Tunnels 2 Ejnund down-~draft, Common brick, drain tile.
2 scove
Lewis Chehalis Chehalis Brick & Tile Co. Shale & Willapa Pleistocene | Stiff-mud Tunnels 1 Hemiconti 1 1| Common brick, rough-textured face brick, hollow brick, drain tile, hollow
down-draft block.
Okanogan Oroville Oroville Brickyard Recent alluvial and silt Soft-mud Open air 1 Scove Common briek.
* Pierce Clay City Far West Brick & Tile Co. Cuscade residual Stiff-mnud Tunnels 8 Round down-draft Rough and emoothi-textured face brick, hollow block.
MeKenna, 2 Paul Kirston Pottery Recent alluvial Hand modeling Open air I Round down-draft Novelty ware.
. E. of
Skagit Tiloh Kuapp Brick & Tile Co. Recent alluvial Stiff-mud Tunnels 1 Round down-draft Drain tile, hollow block.
S8nohomish Everett Everett Brickyard Puget Sound glacial Stiff-mud Tunnels 1 Continuous Cquuntti:]n brick, rough-textured face brick, hollow block, drain tile, roof-
ing tile.
Spokane Chester H. Seidel Clay Co. Spokane-Clayton lacustrine | Jiggering Hot room 1 Round down-draft Flower pots.
Dishman Washinﬁt:n Brick, Lime & Sewer Spokane-Clayton lacustrine | Pressing Floors 11 Round down-draft Sewer pipe, hollow tile, flue lining.
Pipe Co. and Palouse
Mead Building Supplies, Ine. Silt Soft-mud Open-air racks 3 Clamp scove Common brick.
Mieca Gladding, MeBean & Co. Spokane-Clayton lacustrine | Stiff-mud, pressing Tunnels, hot floors 9 Round down-draft Common brick, face brick, fire brick and shapes, sewer pipe, hollow
and eolluvial; Palouse bloek, drain tile.
Spokane Pioneer Brick Co. Weathered shale Stiff-mud Open-air sheds 1 Scove Common brick, rough-textured brick.
Stevens Clayton Washington Brick, Lime & Scewer Spokane-Clayton lacustrine | Stiff-mud and repres- | Tunnels 2 Rectangular down-draft,| Common brick, face brick, fire brick.
Pipe Co. (Brick plant) and residual sing 5 round down-draft
Clayton Washington Brick, Lime & Sewer Spokane-Clayton lacustrine | Molding Hot floors 2 Round down-draft Terra cotta.
Pipe (Terra cotta plant)
Whitman Uniontown Geo. Herboth Brick Co. (inoperative)| Palouse Soft-mud Open-air racks 1 %cove:é ;?gtangulu Drain tile, common brick.
OWn-0r
Yakima Granger Granger Clay Products Co. Silt Stiff-roud Tunnels 6 Round down-draft Common brick, rough-textured face brick, hollow block, drain tile.
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APPENDIX 3—TABLE 3
PRODUCTION OF RAW CLAY IN WASHINGTON, 1907-1939©®

Miseellaneous
Fire clay Stoneware clay elays and shales Total
Year Pro-
ducers
Short tons| Value |Short tons| Value |Short tons| Value |[Shorttons| Value
1007, . . leereerss @ @ 950 | 8 2,350 1,754 | $ 4,623
POOR: Lk o 653 | § 5,921 8 8 200 500 3,883 15,511
TO00 . 1t e 64,220 114 4% T B e 100 200 6,320 10,329
) E2 S A MR 3,451 5,032 5 400 1,200 3,851 7,132
1o L ISR ® 0] @ 1,187 2,753
11! 3 -] @ @ (3 (2) 1,570 8,000
1§20 ool i 754 6,872 ) @ 2,028 8,837
11 4 € ] BN 342 3,130 (2) () 601 3,820
1§23 e (SR 502 3,364 £) ) 829 4,340
TITRE s 630 | 3,034 ® ® ® @ 1,840 | 6,251
L3 b RS 779 7,159 @ @ 3 1,613 0,248
G 1R Sl WS ST 1,705 9,858 oo e 3,445 17,637
FRIRC T @ @ ® 19,728 15,782 20,518 21,964
1 IO R R 763 B i o e L L s b eia ATy 1,319 10,377
1921 3 @ O PR ol (os SR hraTa Y 439 5,153
1022 .. 7 5,681 1t ] P e 455 1,066 6,136 14,745
1923 ... 8 5,524 19,549 @ £ 4,817 8,018 10,491 20,040
1924 ... T 4,317 RO LA s | N R 15,456 19,557 19,773 35,609
1925. . . 7 4,076 19,418 il reete i o9 24,227 24,170 43,645
1926.. . 8 3 15,381 756 2,268 10,691 13 866 12,947 31,515
1927 . 9 720 8,423 726 2,178 30,017 29,827 31,463 40,428
1928 .. T 5,906 18,925 @ ) 29,135 20,707 35,041 L0632
1929... 7 -+ 9, i, 500 4,000 21,010 25,271 i 39,133
1930.. . ] 1,421 4,785 363 19,862 28,784 24 047
1931,.. 5 9,004 13,036 3 @ 12,228 7,765 21,322 20,801
1932, .. 3 674 2,307 @ @ 0,697 8,088 10,371 11,285
1033 | 4 848 3,04 @ (O] 5,253 4,867 6,101 7,913
1934... 9 772 1,452 2,556 1,656 14,373 11,252 17,701 14,360
1935. . . 10 1,302 4,152 2,305 1,642 4,950 4,397 8,557 10,191
1930 S ies s .| 13,637 40,270 3,500 2,300 26,831 52,020 43, 104,460
1087l s iennis 23.253 42 844 4,534 3,317 21,071 45,118 49 858 91,279
VhY R A 23,781 46,202 3,301 5,267 11,911 10,805 38,9083 62,274
1830 Sz p e 20,356 47,734 @ 0] 8,281 5,000 28,637 53,634

(y—Statistics obtained by U. 8. Geol. Survey to 1924 and by U. 2. Bur, Mines from 1923 to 1939, in
eooperation with Washington Division of Geology.

Produetion concealed.
s—Ineluded in " Miscellaneous".
Included in “Fire Clay",
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LGRS (COMMIY L i st o 59, 95
AAOBR) i aniiaani e i 16
AU aY v st o0 AP T R R A P 149, 158
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Algiers Bay.......cvvivnvnrannns 106
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Auburn Pottery Co., Inc........... 158
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B
Bailey Peninsula.................. 117
Bainbridge Island, strata.......... 160
Baker BiIver elay i ot i ias 220
Bald Butte-Fallon district......... 326
2T IRES 1y et g g D S Y S 17
TBALAIMCYBIAYY . e e e 49
Bay Cenfer, section.........cveeeas 199
BAVIIC. ovs 5 a1t eI A siars (e Tads T sy e 5 134
Beacon coal mine......ioveeiiniis 117
Beaeon =Xl o iienns s 117
Beidellite: e e 19, 328
Bellingham coal mine, section. .. ... 307
Benton (Calriby . . . .oeoiveie s o sans 60
2y DRSSt TR R R I e ! 97
Blbhography I S P T O SR 2-5
2T ) o] e e 135
Bigelow Guleh, clay....c.coovovaan 257
Bingham, A. E,, coal pits.......... 76
Bissell-Northport district.......... 295
Blakely Harbor, strata............ 160
5 041 PSSR e Tt £ O G N 204
Bolton Peninsula ................. 107
BOBEDUTES IV i e st 297
Bothel Brick & Tile Co............. 158
Bowlder clay. ..o e i e asis 15
|51y Pl T e e e s TR e e i 17
BrooRsit- S5 L SRt e i 142
Brown, N W, L, Tet . v oo 62
Bryan, Kirk, ref. ..... 231, 232, 275, 328
Buckeye dlstrlct ................. 273
Buckman, H. O, vef...,...cciuein 8
Buff-firing clays (see “Light-firing

clays’)

Builders Brick Co............. 152-156
Building Supplies, Inc............. 279
Burnett Series .. uwsmismasviiees 215

C Page
California Creek Valley, clay.. 232, 249
Calkingl B C., vl cociinvaineas 163
Camano, Island . c...ioicaimaiias 106
Carhonad: o r e s aiiees 215
Carbonado Series . ................ 215
Cascade residual clays..... 49, 108, 205
Castle Rock, section.....,......... 168
Castle Rock clays........occuun 76, 83
Cathearthghales:  nasososi S 225
Cathlamet, clay ........ .. 302, 303, 304
Cedar Mountain . .. ..i.iiiiiivanes 121
Cedar River Valley.......covvvunn 113
Canliralin, (CI8Y oo ornuanees 186, 188
Chambers Creek, clay............. 216
Chamokane Creek, clay........... 292
ChRt YO, CIAY: . - ni e vie e 261
Chattaroy-Milan distriet .......... 274
Chehalis,ielay . i i v sarate e o 186
Chehalis Brick & Tile Co....... 186, 187
Chehalis Valley, shale............. 176
Chelan, elaYE .. .esvmessssmineeine 64
Chelan County ....:cesoweeas 57, 61
Chemical analyses .......... 1, 342-353
Cheney-Medical Lake district...... 253
EhHestar, Clay it iovn s 158, 159
Chester  QiSHIet o coneeramarnsines 253
Chewelah Brick Co......c0vvveninn 295
Chewelah distriet ........cco00uvun 294
D A O Ay e o e el e ras 17
Chuckanut formation ....... 55, 62, 218
Clallam 'County . . iaay vl 57, 65
(B E Ve b b i e B e R SR e s 69
Classification of clay............ 12-18
Clay
analyses ........ e 1, 342-353
elasgification .. iaiseaahiaid, 12-18
constUllon: 255t s asiailea s 19-23
detmt o e e N e e 6
eyt g e e e SN D 48-55
MANELacETINg .. v ves sansies 34-43
FaVEE Y S e A e e ve... 33-34
operating methods ........... 32-43
QBB (i e it s batizana=sts 6-11
e ros 0610 (8] OR pa b A e 44, 359
PLOSPECHTIE] ity s s ad o2 32-33
working properties ... 24-31, 336-341
O O T eta 2 )3 [a e atetta vt vraitadls 208
Clayton, clays... 53,54, 57, 264, 280, 282
Clawtoh distriet .o vmvanivnvidas 282
CleiBlum; SIEat8 ur sl laimis s 164
Coal Creek, King County.......... 119
Cokedale; strata ‘.. camiesinainas 218
Colfax, clay ......... B G AT 329
CollirHalielay ... .. ccve e 13,239, 302
Colors
Brefl IB18Y: < oliireersayalaratars ovaisssalanars 29
VY T o TR e e TP Ay T 9, 24
31 7o) ate et £ - L it S SR 331
Columbia basalt ...:.mes s 230-231
PODLACT ilicrinritow s s wiatalats iesieiastnin hal 234
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Colimbia City o amee e vt 355 IS 0 1= [ ST e 234,237
Columbia County ... vesimmaas wes 73 Fairfield-Tekoa district ........... 234
Colville Clay s it st e 295 Fallon-Bald Butte distriet......... 326
CONCTEIR ICIAY ot L W b 218 Far West Brick & Tile Co....... 208,213
Concretions in clay......oovivivnns 100 Hars Wesl ClayCo.) ot e s s bt 213
Cone fusion point............... 30, 47 Farmington, clay ............o000. 327
Conner, Sy M Pit sz i 964 Feldspars, chemical composition.... 6
Constitution of clay............. 19-23 Ferry County ........ s s 81
Continuous kilns (see “Kilns") | WS ot PR e e D e G e 17
Conversion table, Seger cones...... 30 Firing effects ..... s g 27
Corfl uiavsaiois R S AR 05 Firing methods ..........oveaies 40-43
Cowlitz clay mine. .... A e 81 Ritzgerald) T Rt e iitints 297
Cowhiz - GOty ity . s e . 57, 74 Five Mile Prairie district....... 262, 272
Cowlilz River, clay i e iniias 84170 Bhntelay oo 57, 128-130, 310
Cowlitz River; Strata. ., . oxwwsmssss 168 Fluviatile beds .. ..o viesimiianinii 62
({0 3 ) | A e P S N P e Dy o 321 Fossil leaves ....oo.. Soea e e e
Framels, Shale ... wmindomsesslon 195
D Franklin County.......... iy ibis 30, 89
} Fraziers Creek, shales............. 68
Da]y, R. A‘, Clted ................. 309 Freeman """""" o e Y A 57
Daniels, Joseph, ref................ 214 Freeman, clay ............ 934, 241 976
Dark-firing clays ......... 29,48-55,294  Freeman district ................. 241
Latah .........coiiieeniiinns L s P ) 232, 258
Palouse .................... P B A TV PSS e 30 T e e et SR S 17
Glacial ..o T s L e e (e LD R 27, 28
Bayion, brick ¥Yard. . .cu. - vxrrioniiae 73 :
Deadman Creek clay.............. 232 G
Deadman Creek district........... 258
Deer Park-Clayton clays........... 232 Gale Creek, shale................. 215
Deer Park district. . . .. oo ivinosn og4 Garfleld, clay ........ oo 327, 329
Deer Park Natural Pigment Co. pit. 290 Garfield County .................. 94
Denny-Renton Clay & Coal Co. Garfield-Tekoa district ........... 327
53 L SR T 17 0 6) R e e g9 Gibbsite .......coociiiiiiniiiinan 56
Saar Creelt MINe . .o va s g1 Glacial elays o Sl ta s e v 14, 51
Diamond Mineral Spring.......... 141 Gladding, McBean & Co.
EHQEHOTE. o i e e o i i 56 Cowlitz clay mine............... 81
Diatomite (diatomaceous former Northern Clay Co. pit .... 138
2 00 e T N e Rl 95, 165, 135 Harris' clayimine ... o colcdiierineses 120
311 3 1 R R E o e 2 Issaqua clay pit......oo.ooinan 120
PHERAH ~a e s s Ll 254, 256 Kummer INE .. ..o s s i e 132
Distribution of Washington clays. ,48-55 Mieca plant .............. ... 244, 250
Douglas County «i=.sossessisis 57-85 Newcastle quarry ........... 119, 127
Brofiore Pottery, i e bt . 85 Palmer Junction pit............. 150
Drying clay products.............. 40 Renton plant ................... 114
Durham coal mine................ 134  Sumasclay mine................ 317
Duwamish Valley ......oeeiveenns 151 Taylor clay mine. o covas s ven 122
Taylor plant. - coiiesiiaacs 127
E Wenatchee clay mine............ 86
s N s e b il ta 39
Baglaé Creek, Clay; ... vescvssen s 191 Glover, Sheldon L., ref............ 137
Bast Twih Creek. .. oo de ey 109,111 'Goldendale; cla¥ . ...comeeime s 167
EAETON, SEPata .o ve v as tins oh s ais 164 Grand Ridge . ci coaivesms s e 119
Batonville, strata. . ... cooivus s 205 Grandview Station, strata......... 307
Ellensburg formation 50, 97, 163, 164, 332 COBREET 5 o e vaia a8 e et 333
ERUNCIAW oot vmuesin s i his s Granger Clay Products Co...... 333, 335
Woligmeelays: 5. o e et 15 GEant ConntY: 5 6 co 00 s sl e a0y 94
Bstuarine CIAYS . uiv ssras v wioisareiai 14 Grays Harbor County. ... 97
BanB elaWi o i caa e e 297 Green River Valley, beds....53, 128, 133
Evans; G. Wi ieited, oo 113, 110, 191,36 GTof (o o dieins il s dve s 25
BRIETELE o arei aos miease o srutacaie veasaiara 225 Guye formation.........cceecesaqs 164
Everett Brick Yard................ 220 ERIDSHIT i e et b s s e A 22
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Hanford, CIays) [ i s marasis st 60, 90 Puget Sound glacial clays....... 151
Hang‘man Creek (see “Latah Creek”) BRales. e sias eae s s A 112
Harly T N TBE s ele ateis e e 244 Kirston, Paul, Pottery............. 216
BAaRper Gl . i e e 5 s 182 Kitsap County /. sl lan s 160
Harper-Hill Brick & Tile Co. pit... 162 Kittitas County ............. 50, 95, 163
Harris clay mine...........cccovue. 120¢ ‘Klickitat County ... . ....c.cuecidoe 166
Harrop tunnel kiln........ccenveee 115 Knapp Brick & Tile Co............ 222
Herboth Brick Co..........vceuan 329 Kummer flint clay.......... 57, 128-130
Hidden Brick Coi.c.uiowiaiimiaies 71, 72 Kummer member ......:c.eevsus 133
Higgins Mountain, strata .......... 218 Kummer mine. . .eccssaiseans 132, 150
High-alumina clays .............. 56
o L AT R e IS 8 58 L
Chelan County= | eie e s e 6% Tia ‘Camas!Creek, strata. .. .. o 175
Clallam County ..........c..c.. 57 Lacustrine beds............ 14, 54, 62, 64
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SRAgILCOUY o<\ vsvemse vnnimmiees 5% LaAROME DI uvnninicis vasinsssiose s 158
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Spokane County ............... DI Tatah dlay e s el e s 236
Stevens County ................ 57 TLatah Creek, sHale... ....... .. .... 617
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Hoodsport, strata. ..o cansamenss 190 Lemley, W. E,, cited............ 81,125
Hoogdal, clay ..o oiianas ikl 220 Eewis County - .....i:ssiciss 57, 137, 167
Hoagiiam: s comnt 99,104,105 Light-firing clays .29, 49, 53-55, 234,
Homptulips: v s ddameaidrds 98 , 320
Huntingdon formation (B.C.)...... 308 LHEwaup, STt cones s 190
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Eingberg, Stratd ..o cue i s 178
1 Little Baldy, clayi. o e 5 ?g?
IMBEE; CIAY. .iviiivi sswarsdami oo g9 Little Falls Fire Clay Co, pit....170, 184
Inland Empire Stoneware Co....265,266 Little Klickitat River, clay........ 167
Lockwood Siding, clay ............ 240
Ione BBy S i iy S i 202
Iron compounds .................. 91 Loess ...............o.o..een 49, 152
1L ST s il D P AT A 106 Iiggfle lerl;‘gkb;:&éﬁ Sk 599,964, 292
Faaqueclay Pi. ... cemestenineess 120 Lopez Island, clay....:isoeiisaas 217
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Lo Bt o RIS ORI g 1 E g 11T T g ) R S SR 22
K Manastash formation ............. 164
Manganese in clay.......oeevuvuns
Kalama, pottery ................. 85 Manifo, clay..........:. 57, 232, 237, 239
Kaolin, bed ... s, 247  Mamito distriet's covovisndias viane 237
Kaolmlt_e ...................... 19, 56 Manufacturing, clay products...... 34
A DOWEIL S CIAY e S e s 208 Marcus, clay .....eeeennneeensoana 296
Kelso, elay .....cooviieiiviniiins B NIATING TEIEIE oo mine s eisrioe g s 14
Kennewick clays ...........c0unnn 60 Macan Cotnty.. «ovsae s PR 1
] ot Ty e SES MR SR N 19 Mayfeld, clay ;. sm ssaneaas 178
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Kettle Valley district.............. 298 McMurray, strata ......eieeieves 218
N T L RCS R 41 Mead, clay ........coccecnivienns 279
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Meadowdale Pottery .............. 228 Osoyoos Lake, silt......c.couveen 194
Medical Lake-Cheney district...... 253
Mendota, elay ... .odi: v, 177, 185 P
4% £ Py e WU 20 LIRS Wt o R o L PaciAn Beachy et s e 103
Merriam, J. C., cited.............. 90  pacific County ................... 195
Metaline, SIS, . oL e 201  padilla Y T - U 293
Mica, clay ................. 97, 244-252  pying i b A e R 17
Mica Creek Valley, clay........... 232 palmer Junction .......... ...135,150
M{ca aistmet oo s e e 244  pajouse i TR ER RO Y 399
Mica Peak, clay................ 54,239 palouse clay ............ 49, 94, 232, 327
Milan-Chattaroy district .......... 2T4 pgjouce district ... ..... |
Mglan c_hsma """""""""" 262 Palouse Potfery €o0....:cucviveins 326
M{ll CreRlt ClaY s e s 178 TR e R 18
M{Her, R. I s o R S R B 56 Pardee, b T., Fel e 231‘ 232‘ 275
Mineral, shale ........oouecromces 179 * Parkman H. C. Tef........... ... 56
M;n'erals n clay ................ 19, 20 Paving b‘I'le CIE;)' '''' e e T
Mlmr}g clay ..................... 33 Pe Ell, SHAla M S ARl T 176
Molding clay produets ............ 36 pend Oreille County......vvvverns 200
ﬁ”n{oe' clay soooniviiserinininn 21%{ Pend Oreille Valley............... 201
OIIESANO &0 v vvvvvvnisineiiniin Physieal properties of clay...... 16, 24
Monimorillonife: ... .. .ccoanesonoen. 19 Bletea County 57. 205
Moran district ...........oeeeennn 252 Digments ...............oeeeeoe.. 290
%ol}an, c}}a)lr """"""""""" igg Pioneer BCK CO.. .. ..covnn e s e 270
OXLON BILAC e o st eo Pioneer Pottery Co........cocna.n. 321
Mount Spokane, clay .............. 232 plants e R Facing 358
Muddy Creelz, elay. ... ..coieiins 203 Plastic’ity
Muffett, R. B, Brick & Tile Co...72, 78 pjeasant Prairie, clay............. 239
Pleasant Prairie district........... 256
N Point Defiance, clay............... 216
Naches formation ......eeeeeonees 164 Point Glover, strata. .. ..c.c.ovenmess 161
INRCEIES . i i s o ama s o e e e 10" EOnOYON ok isivieicins s oissie s amvias e 94
Napavine, elay i wanaeess 180-183, 188 Pore water, definition............. 46
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INEATUE PIE Gk s e stawrsra sy s o 290 {33 a0 1 £ o e s PP e e 47
Newaukum Valley, strata...... 180,188 Port Angeles, clays.....iiciieiiin. 68
NeweagblaTFAIS T, L T e 119 Port Angeles, shales..........cc0... 68
Newcastle quarty ............. 119127 Port ©rchard, elay. ... ..oeuicunian, 161
duh e [0 A e o 201 Potlatch Pottery, Inc.......ccvvean 158
Newporh; ClaY: =it vt s e 2000 L R OIIErY e T e Taa e e milb s aiiarare 18
Nightingale, W. T., on shale oil..... 272 MANUTACIUTre Cii fii s et 38
NORIEODITE: -\ 5 el e s sialite 19:328"  PRAITIS, ClaF oo iaalialsaid aiar atersalale 224
Northy Bend, Claycciis oo se on e 159 Producers, list ....... .0 Facing 358
Northern Clay Co..... 480 ke £ 138,140 Production, summary ............. 4
B Tere duaTs) v allei o 2 G L SR L S, e 297 byt FTREIE B B e il e 1 359
Northport-Bissell distriet.......... 295 elayproduels o.......c.cvn - 354-358
Northwest Pottery Co............. 157 Properties of clays, table........ 336-341
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Puget: formation ..........:..00 55,11
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Olympia, clay ..........ccooveen.. 181 oullman, Clay «.cvveennnnsnons 327, 329
Omaks SilE . i s e e 194 s e e RS T 40
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Orchard Point, strata............. 161 Q
Organic matter inclay............ O3 RUIBRRE o oty st S e e e AW, P 107
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Oroville, argillite ......ceeosemses 103 QINCY) aiaia s sios s s horcniarses s e ialeis s s 95
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Red-firing clays (see “Darlk-firing 35 e 323
clays") R e ST e 322
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BesidAmal i olay i eni i s i s 13, 49 TIZB . coiiaissrmriie iscoiomisimis el mistarole 237
Rhyolite, altered ............... 65,124 74 oeoiiiiiiiiiiiie i 237
Rich’s Passage, strata............. 181 78 coesnisisoiiveriesiaiiaas 242
RIdEeReld,. 'CIaY. ©. oo ssiacnimsiora i b 73 VLT i R R T S A ) 240
Ries; HeinTioh, Tef.. .. c.roumvensins 3 L R S o OO e A R et 243
Rimrock Drive, shale............. 270 TO-A o 277
Ringold formation. .... 50, 51, 60, 89, 90 e 238
95, 97, 332 B e r e e e aae) e AT YA e 238

Ringold School, section............ 02 THE et slveaa s s e 246
Roche Harbor, ¢lay............... DTS RS AL e S s et 249
T T S B L 1 5l e R o, = 234 B4R o e s R ey 247
ORI TRy b bk ST RCANI R 331 PG e R s e e e 251
Roslym, sHata e e e L Tl co Fo 254
Roslyn formation .............. i Ly S s s S S e 254
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