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INTRODUCTION.
LOCATION AND EXTENT OF THE COAL FIELDS.

Kittitas County is located on the eastern slope of the Cas-
cade Mountains in central Washington, extending in a north-
westerly direction from the Columbia River to the summit of
the Cascade range. Its northern boundary follows the We-
natchee Mountains, a spur of the Cascades, southeast toward
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F16. 1. Index Map Showing Location of Kittitas County Coal Fields
and Area Covered in the Report.

the Columbia River. Its southern boundary follows the Naches
River, Cleman Mountain and the Umptanum Ridge to the Col-
umbia River, and is roughly parallel to the northern boundary.

The areas containing the coal are located in the Yakima
River basin in the northwestern part of the county, including
the upper part of the Yakima River valley together with the
valleys of several of its larger tributaries, from which the differ-
ent fields are named. They occupy only a small portion of the
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total area of the county. (Index Map, Fig. 1; Plate 1.)
Practically all the coal shipped up to date is mined from the
Roslyn-Clealum field, covering an area of about 10,000 acres,
along Yakima and Clealum valleys from Clealum to Lake Cle-
alum. This is one of the highest grade coals in the state and
the production of this field has kept Kittitas County in the lead
since 1901, except the year 1911, when King County produc-
tion was slightly greater. (Appendix A.)

The Northern Pacific, and the Chicago, Milwaukee and St.
Paul railways follow the Yakima River valley, and pass through
the lower end of the Roslyn-Clealum field. The other fields, lo-
cated on the valleys tributary to the Yakima valley are not yet
connected with the main lines by rail but could readily be con-
nected in case the developments guaranteed the building of

spurs, as the Roslyn-Clealum field has already done.

- PREVIOUS WORK IN THIS FIELD.

With the exception of a narrow strip on the eastern edge
of the field north of Ellensburg, the general geology of the area
was worked out by Geo. Otis Smith and party in 1904 to 1906,
and is mapped and described in the Mount Stuart and Sno-
qualmie folios, Numbers 106 and 189 of the United States Geo-
logical Survey. '

Isracl C. Russell, in Bulletin 108 of the United States Geo-
logical Survey, published in 1893, describes in general the
geology of central Washington, mentioning the Roslyn coal as
belonging to the Kittitas system of sedimentary rocks. In the
Twentieth Annual Report of the United States Geological Sur-
vey, published in 1900, he describes the geology of the Cascade
Mountains, including this section.

In 1901 and 1902 Professor Henry Landes, State Geologist,
made reports on the coal mines of the state, including the mines
in Kittitas County that were open at that time. These reports
are contained in Volumes I and II of the Washington Geologi-
cal Survey.

Under the direction of the United States Geological Survey,
in co-operation with the State Geological Survey, the coals of the
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state were sampled during the field season of 1909 by E. E.
Smith. This included the Roslyn-Clealum field and a full report
of the analyses of these coals is contained in Bulletin 474 of the
United States Geological Survey.

METHOD OF PRESENT INVESTIGATION.

The field work on which the report is based was begun in the
summer of 1911. At this time all the areas outside of the Ros-
lyn-Clealum field, known or reported to contain coal, were exam-
ined and mapped. Later during the same year and the follow-
ing summer a study of the Roslyn-Clealum field was carried on,
and the field work was completed during the summer of 1913.

The writer was assisted in the field by F. B. Lassoie, as
surveyor and draftsman. The underground geology and mine
workings of the Roslyn-Clealum field were worked out, and are
describec’ by Joseph Daniels, Assistant Professor of Mining En-
gineering and Metallurgy, University of Washington (Chap-
ters III and VII).

Using the earlier maps and reports as a basis for the field
work, a detailed examination of all the areas in which coal was
reported or had since been discovered, was made. The boun-
daries of the areas were carefully worked out, resulting in

-slight changes in the extent and location of the different areas
as formerly mapped. These changes are largely due to further
developments in the different fields and more recent land sur-
veys. Drill hole records have been used where available in mak-
ing up the sections. Many traverses were run along the stream
channels cutting the coal bearing formation outside of the
known coal areas, for the purpose of determining the geological
structure, and the exact limits and relations between the two
coal-bearing formations of the county.
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HISTORY OF DEVELOPMENT.

No authentic report of the earliest discovery of coal in
Kittitas County has been found, although inquiry has been made
of many of the oldest settlers.

Mr. Isaiah Buchanan was in the Roslyn district and knew
of the coal there in 1871 or 1872 and at that time he took up
land on Manastash Creek in Township 18 North, Range 15
East. He has opened a number of prospect cuts and tunnels on
different beds of coal located in sections 21, 22, 15 and 16.
Coal was hauled to Ellensburg about 1890 and used by the
blacksmiths there. He is still working on this land and holding
it for a company in the east, prospecting in different parts with
open cuts and wells, and has found a number of coal beds, some
good and some poor. This area is described later in the report
as the Manastash field.

Messrs. Wm. McKay and Archie Anderson were among the
first in the Roslyn field, and to the first named of these gentle-
men we owe most of the history of the development of this field.

In May, 1886, the Northern Pacific Railway sent a party
into the Clealum valley to prospect the field. Some prospecting
had been done earlier by the Union Pacific, and coal was mined
from the 12-foot bed, overlying the Roslyn bed, and hauled to
Ellensburg as early as 1882. After carefully prospecting the
field, coal was found in August at the present No. 2 mine on
the east side of the draw north of Roslyn (Plate XXVII). Soon
after this, Roslyn mine No. 1 (Plate II) was opened on the west
side of the same draw, and the workings extended up the dip.
(Plate XXIX.) In the meantime the main line of the Northern
Pacific Railroad had been extended to Clealum, and the Roslyn
branch, begun in the fall, was completed so that the first coal
was shipped in December, 1886. '

The Roslyn shaft, begun in 1893, was sunk 650 feet to coal
in 1894. The shaft at Clealum was also opened in this year and
the property was acquired by the Northern Pacific two years
later. They opened No. 2 and No. 8 at Clealum about 1903.
At that time the Clealum and Roslyn beds were thought to be
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different, but later developments have proven them to be the
same. Roslyn Nos. 8, 5, 6, and 7 were opened respectively in
1887, 1903, 1905, and 1907.

At the western end of the field the Roslyn Fuel Company
opened its Beekman mine on thé Roslyn bed in 1907, although
work had been done on the property as early as 1895, and the
upper bed, the “Big Dirty,” had been opened up in 1882. Work
was resumed on this bed in 1911 and coal is now being shipped
from it. The Roslyn-Cascade Coal Company began to acquire
rights in 1902 in sections 6 and 12, but did not ship much coal
until 1907. A number of smaller companies have worked at
various times along the upper outcrop of the Roslyn bed and
have taken out considerable coal; among them, the Busy Bee
Mining Company, Yakima-Roslyn Coal Company, Summit Coal
Company, and Inland Improvement & Mining Company. (See
Table of Production, Appendix B.)

The Lakedale mine, on a bed lying below the Roslyn, was
opened in 1908-1909 and shipped coal for two years but has
been idle since that time. Plant’s mine on the same bed has been
in operation for about a year, although opened as a prospect in
1910. This lower bed is also opened up in several prospects in
the Teanaway basin, but no mining has been done on that side
of the ridge. For location of these different properties see
large mine map, Plate II.

: In 1889, W. A. Jordan and Charles Helm found coal along

lower First Creek, about 20 miles north of Ellensburg. They
sunk a shaft and drove a tunnel on the bed for some distance.
(Fig. XXV.) From these prospects a considerable quantity of
coal was hauled to Ellensburg, but they were abandoned on ac-
count of the low grade of coal in the bed. About 1902 or 1903
coal, which proved of little value, was discovered farther up First
Creek opposite Green Canyon.

In 1890 the same men, prospecting up Wilson Creek north-
east of Ellensburg, came over the divide to the head of Williams’
Creek, and found a thick bed of dirty coal on the west face of
Table Mountain, several thousand feet above the Williams’
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Creek valley (Plate I). A slope was driven on the coal for
some distance, but on account of its inaccessibility, little coal
was ever shipped from this locality. (Plate XXVI.)

In 1899 John H. Carothers, in company with his brothers,
Wm. H., Andrew H., and several other men, prospecting along
the south fork of the Taneum Creek in Township 19 North,
Range 15 East, sections 27 and 28, 83 and 34, found coal along
the south wall of the valley and opened several prospects on the
outcrops. (Plate VI.) They also drove short tunnels on the
beds, but never shipped any coal. A number of prospect wells
and short tunnels were also made on the north side of the valley,
but very little coal was found in these. This area is described
later in the report as the Upper Taneum field.

Within the last ten years a few prospects have been opened
on the north fork of the Taneum Creek in Section 20, Township
19 North, Range 15 East, by Mr. Hooper, who has a homestead
in this valley. These are on the continuation of the same for-
mation as those just described, but little coal of any value has
yet been discovered. )

In the fall of 1905 Joseph Wilson found coal on his home-
stead, on Taneum Creek, in Townshfp 19 North, Range 16 East,
Section 33, and, tunneling in on a 14-foot seam, has sold coal
locally ever since. During the winter of 1908, about 300 tons
of this coal were taken out for use by the ranchers of Kittitas
valley. In 1909 the Chicago, Milwaukee & St. Paul Railroad
put down several bore holes in this part of the canyon, but did
not take up the land. In 1910 the property was leased by the
Northwest Coal Company of North Yakima and the work of
gouging out the coal was continued. In 1912 the property was
subleased by Hawkins, Williams & Murray Company and regu-
lar mining operations begun. Coal was shipped by carload lots
from Thorp, with the disadvantage of a 10-mile haul to the rail-
road. This area is described later in the report of the Lower
Taneum field.

In 1908 or 1909 Mr. Pearson discovered a thin bed of coal
on the upper Naneum Creek, about 25 miles north of Ellens-
burg. (PlateI.) A prospect slope was driven for 80 or 40 fcet
but was abandoned on account of the poor quality of the coal.
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CHAPTER 1.

GEOGRAPHY AND GEOLOGY OF KITTITAS COUNTY
FIELDS.

GEOGRAPHIC POSITIO:!.

The coal areas lie on the east slope of the Cascade Moun-
tains, under the western edge of the Columbia Lava Plateau, at
elevations ranging from 2,000 to 4,500 feet. Immediately north
of the field the Wenatchee Mountains, a secondary ridge trans-
verse to the general direction of the Cascade Mountains, reaches
its highest elevation, 9,470 feet, in Mount Stuart. (Plate IV A).
The elevation of the Cascade summit west of the field is between
4,000 and 6,000 feet.

Three large lakes, Keechelus, Kachess, and Clealum, held
behind glacial barriers in long, almost parallel glacial troughs.
extending southward from the Wenatchee ridge, serve as reser-
voirs for the Yakima River, which, with its numerous tributaries,
drains the area toward the southeast. Aided by the glaciers,
and on account of the heavy precipitation in the mountains, the
rivers have been able to reduce this part of the county to a
mature stage of dissection with deep valleys and sharp, narrow
divides. The master stream and its larger tributaries have been
able to erode rather low grade valleys far back toward their
sources in the mountain mass, thereby furnishing the railroads
with a good grade directly into the heart of the Roslyn-Clealum
field. Thus Lake Keechelus, near the head of the valley, is only
2,456 feet above sea level, while the highlands about it are 5,000
feet. Thirty miles from the main strcam, on the Clealum River
at Hyas Lake, a few miles from its source, the valley is 2,500
feet below the surrounding summits.

TOPOGRAPHIC RELATIONS OF THE VARIOUS FIELDS.

As the rivers leave the mountain valleys and cut into the
Columbia Lava Plateau, with rapidly ‘decreasing precipitation,
the topography assumes an entirely different aspect. The
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A. Teanaway Basin, Showing Deeply Eroded Valley in Roslyn
Sandstone and Mt. Stuart.

B. Teanaway Basin, Showing North Side Slope of Roslyn Ridge and
Outcrop of Roslyn Sandstone.
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streams still cut deep valleys, but the divides are broad and
comparatively flat. Where the rivers are working in less re-
sistent rock the valleys are broad, but in the intervening ridges
of more resistent rock the valleys are steep-walled canyons, and
the rivers have a strong gradient. Thus in the softer Roslyn
sandstone the Yakima and Clealum rivers have developed a
broad flat valley with steep rugged slopes on the south and west,
but gentle rounded slopes to the northeast. (Plates III, V and
XXV]III.) The Teanaway River, also working in the Roslyn
sandstone, has eroded a broad valley east of the Clealum valley
with steep slopes on the Teanaway side of the divide. (Plate
IV.) The coal measures are present in this divide, and outcrop
along the Teanaway side of the ridge, dipping gently toward
and under the Clealum valley. (Plate I, Structure Section.)

A broad ridge south of the Yakima-Clealum valley separates
it from the Taneum valley. Here the Taneum Creek, an east-
ward flowing tributary of the Yakima River, has cut a deep
valley through the overlying igneous rocks and exposed the
Manastash formation in two localities, one at an elevation of
2,200 feet, and the other at an elevation of 8,200 feet, described
as the lower and upper Taneum fields. (Plate VI.) The Tane-
um valley below the lower coal area furnishes a fairly good
grade to Thorp, a town on the Northern Pacific and Chicago,
Milwaukee & St. Paul railways, ten miles distant.

A second east and west flat-top divide separates the Taneum
valley from the Manastash valley, where the same formation is
exposed at an elevation of about 4,500 feet in a basin surround-
ed by steep rugged hills of igneous rock. Through this rim the
Manastash Creek cuts a deep canyon in its course eastward to
Join the Yakima River at Ellensburg, twenty-four miles distant:
(Plate VIII.) The road from this basin passes over the high
lava plateau lying between it and Kittitas valley along the
Yakima River.
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A. Looking South Toward Point Clealum, Showing River Terrace on
South Side of Yakima Valley and Igneous Rock Rim of
the Valley.

B. Looking North Over Roslyn Sandstone Hills, Showing Tramway
to Summit Mine.
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GEOLOGICAL RELATIONS OF THE COAL BEARING FORMATIONS.
GENERAL STATEMENT.

The geological relations of the coal bearing formations may
be best explained by a brief description of the various formations,
and the prinicpal events in the history of this section during
later geological periods. The stratigraphic relations of these
periods is shown in the following table:

Recent
Quaternary
Cenozoic Era Pleistocene
1 ( Pliocene
Tertiary Miocene
Eocene

Mesozoic Era
Paleozoic Era
Algonkian Era
Archean Era
PRE-TERTIARY FORMATIONS.

The oldest rock exposed in the area is the Easton schist,
found underlying the Manastash formation west of Clealum,
along Taneum Creck, and along the south fork of Manastash
Creck. (Sec Plate I.) It varies considerably in composition
and appearance, but is commonly a hornblende or a mica schist,
dark gray, almost black, green or silver gray in color. It is
badly crumpled and seamed with numerous quartz veins and
stringers, and is probably of sedimentary origin.

Asscciated with this formation north of the area studied
are the Peshastin and Hawkins formations, and later intrusions
of granodiorite and peridotite, now largely altered to serpen-
tine, all furnishing a complicated record of sedimentation and
vulcanism in pre-tertiary time.

TERTIARY SYSTEM.
Eocene Series.

Swauk Formation—Early in the Eocene time a long period
of erosion allowed the older rocks to be decply dissected and
worn down. The waste thus furnished was deposited as thick
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A. Tunnel on Contact Between Easton Schist and Manastash Forma-
tion; also Tunnel at Station 16, Carother’s Field, Upper
Taneum Creek.

B. Yakima Basalt on Lower Taneum Creek, Showing Location of
Drill Hole at Base of Cliffs.
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beds of gravel, coarse sand, and mud about the eroded highlands,
giving rise to what is now called the Swauk formation of coarse
conglomerate, sandstone, and shale, measuring in places 5,000
feet in thickness.. (Plate VII B.) Since this formation con-
tains no marine fossils it is believed that these deposits were
formed in a large lake, and the present irregular distribution of
the formation indicates a-lake of very irregular outline. The
Swauk formation contains a few carbonaceous shale beds, and
these are quite rich in fossil leaves, from which Dr. F. H. Knowl-
ton has placed it in the lower Eocene.

Teanaway Basalt—Uplift with folding caused considerable
erosion of this formation before volcanic activity began, which
covered the eroded surface with a series of lava flows, in places
attaining a thickness of over 5,000 feet. The lava reached the
surface thx:ough numerous fissures in the sandstone and other
underlying rocks, and spreading out over the surface formed
great sheets of basalt, known as the Teanaway basalt, from the
fine exposure of the sheets and the feeding diabase dikes in the
upper valley of the Teanaway River. (Plate I.) In many lo-
calities the presence of steam in the lava seems to have caused a
breaking up of the molten mass, forming thick layers of tuff
interbedded with the lava flows and with the lower beds of the
overlying Roslyn formation.

Where the diabase dikes cut the Swauk formation, many
veins of quartz, calcite, and talcose materials branch out into
the sandstone. They carry gold with silver in considerable
quantities and have been worked for a number of years along
Williams Creek, a tributary of the Swauk Creek, where it has
cut a deep valley into the sandstone. ‘

This period of volcanic activity was followed by -a period of
erosion on the highlands and deposition in several distinct ba-
sins, two of which are included in the area covered by this re-
port.

Roslyn Formation—In the Roslyn-Clealum basin beds of
coarse sand and clay aggregating 8,500 feet in thickness were
laid down over an area of at least 140 square miles. At the base




WASHINGTON GEOLOGICAL SURVEY BULLETIN No. 9 EFraTe VII

A. Yakima Lava at Summit of Mt. Baldy Above Swauk Formation
at Head of Naneum Creek.

B. Swauk Sandstone Near Head of Naneum Creek. Table Mountain
Showing in the Background.
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of the formation these beds are interbedded with lava sheets and
tuff beds, indicating that vulcanism continued after sedimenta-
tion had begun. In the upper part of this series, known as the
Roslyn formation, is found the most important supply of coal
in Kittitas County. There are at least ten beds of coal, only
four of which have been worked at all, and of these only two
are real producers. They lie in a synclinal trough extending
from Clealum on the Yakima River to Lakedale, near Lake
Clealum. (Plates I and II.) This formation overlies the
Teanaway basalt conformably and passes beneath the Yakima
basalt on the southeastern side of the basin, although for the
most part it is covered only by Quaternary deposits. From a
collection of fossil leaves Dr. F. H. Knowlton has determined the
age of this formation as Eocene, later than the Swauk forma-
tion, and with entirely different flora. The full description of
the Roslyn-Clealum field will be found in Chapter III of this
report.

Manastash Formation—In the Manastash basin farther
south a series of conglomeratic sandstones and shales were laid
down directly on the eroded surface of the Easton schist. In
some cases a distinct basal conglomerate is found, containing
pebbles of earlier rocks, and numerous coarse pebble and boulder
bands are found throughout the formation, containing white
quartz pebbles. The fossil leaves found in the fine shales of the
formation have been examined by Dr. F. H. Knowlton and not a
single species found in the Roslyn or Swauk sandstones has
been found in the Manastash formation, but they correspond to
the flora of the Clarno beds of Oregon. He therefore classes
this formation as upper Eocene, later than the Roslyn.* With
the exception of the small area west of Clealum, it is overlain by
the Taneum andesite or by the Yakima basalt. (Plate I.) Nu-
merous thin and more or less impure coal beds are found in dif-
ferent sections where these measures are exposed. These are de-
scribed more fully in Chapter IV.

* Mount Stuart folio No. 106, U. S. Geol. Survey, 1904.
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A. Narrows Below Coal Felds in Manastash Canyon.

B. Basalt and Tuff Cliffs in Narrows Below Manastash Coal Fields.
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Miocene Series.

The decided unconformity between the coal bearing forma-
tions and the overlying igneous rocks indicates a long period
of erosion between the uplift and folding of the Eocene rocks and
the extrusion of immense flows of Miocene lavas.

Taneum Andesite—The earliest of these flows is the Taneum
andesite which is found overlying the Manastash formation, on
the south fork of Taneum Creek, on Frost Creek, and on the
northern border of the Manastash ficld farther south. (Section,
Plate I.) This formation varies in thickness from less than 300
feet in the Manastash basin to 1,500 fect in the Taneum basin.
It is made up of tuffs, tuff breccias, and loose textured lavas oc-
curring in high cliffs underneath the Yakima basalt in the can-
yon of Frost Creek. Closely associated with this extrusive mass
is the intruded andesite or diorite porphyry of Clealum point
across the Yakima River from Clealum. (Plate VIII A.)

Yakima Basalt—Y¥ollowing the extrusion of Taneum ande-
site and lying on the eroded surface of it and older formations is
the Yakima basalt. (Plates I and VII A.) This mass of
lava was extruded quietly through numerous fissures and
flooded not only this section of Kittitas County but covered an
area of 200,000 square miles, including southeastern Washing-
ton, eastern Oregon, and southwestern Idaho to a depth in some
places of 5,000 feet, filling deep depressions and obliterating
previous surface irregularities. The lava mass is not one con-
tinuous flow, but is made up of a series of interlocking or over-
lapping flows interbedded with deposits of surface debris.
Where the older underlying rocks have since been exposed by
erosion the conduits may be seen as diabase dikes or stocks.
None of these dikes so far as known interrupt or cut the coal
measures of the Roslyn-Clealum field, but they are an important
disturbing factor in the Manastash coal field.

Ellensburg Formation—Even before the last flows of ande-
site and basalt were extruded sedimentation began again. Over
the low basalt plains was spread a thick series of volcanic sedi-
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ments of foreign origin, containing fragments of pumice, vol-
canic ash, sand, and gravel, known as the Ellensburg formation.
The coarse texture of much of the material, the presence of
stream bedding, and the andesitic nature of the fragments, in-
dicate the action of powerful streams flowing from the andesitic
upland mass west of the area, carrying heavy loads of sand and
gravel out over the lower lava plains. These streams were so
overloaded with sediment that they built up great alluvial fans,
spreading the materials for miles over the gently sloping sur-
face. Some of the beds of finer material are no doubt of eolian
origin, or showers of volcanic ash derived from volcanic erup-
tions in the neighboring highlands. Regular stratification in
some sections of this formation indicates deposition in water, due
possibly to local ponding at different times.

Pliocene Movements.

During the earlier part of the Pliocene, or later part of
the Miocene, there occurred a gentle folding or warping of
the earlier formations with a decided uplift that caused in-
creased erosion. This was continued until the whole region was
reduced to a lowland surface, slightly rolling and since called
the Pliocene peneplain. The Yakima River and its tributaries,
after planing off the surface, flowed over it with little regard to
rock structure and a well-developed meandering course. This
plain is well preserved in the region about the Kittitas coal fields
and is fully described in the Ellensburg Folio No. 81, and the
Mount Stuart Folio No. 96 of the U. S. Geological Survey.

The closing event in the Tertiary period was the uplift of
the whole Cascade Mountain mass to form what has been called
the “Cascade Plateau,” the remnants of which are still plainly
scen in the more resistant rocks. (Plate IX.) The uplift
was accompanied by a gentle folding or warping, following in
general the lines of previous warping, which caused a number
of ridges in the lava plains to be raised transverse to the gen-
eral trend of the Cascade Mountains and the course of the Ya-
kima River. Across these ridges the river and its stronger
tributaries were able to maintain their courses and began to
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A. View From Head of Manastash Creek, North Fork, Showing Old
Cascade Peneplain Level and Deep Dissection by Streams.

B. View Down Frost Creek Valley, Showing Deeply Dissected Nature
of Country.
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intrench themselves in deep canyons. On account of this rela-
tion the rivers have been called “antecedent” streams, and the
principal topographic features of the field are the result of the
work of the rivers in cutting deep canyons in the uplifted resist-
ant rocks or opening out wide valleys in the less resistant rocks
exposed to river erosion. .

Thus the Yakima, the Clealum and the Teanaway Rivers,
working in the soft Roslyn sandstone, have eroded broad val-
leys (Plates III to V) and removed a considerable part of
the coal-bearing formation. The coal measures in Taneum and
Manastash valleys are exposed where the rivers, having cut
through the overlying andesite or basalt, are eroding their val-

leys in the less resistant formations, due to local upwarp in these
sections. (Plate I.)

QUATERNARY SYSTEM.
Glaciation.

The Quaternary period has been one of active erosion of the
“Cascade Plateau” into its present form. Early in the period
the climate changed, gradually becoming colder. Deep snows
collected on the mountains north and west of Kittitas County,
and, filling the higher valleys in some cases, crept down them
as glaciers to the main valleys of the Yakima River. The larg-
est glaciers extended southward from the mass of ice collected
on the Wenatchee Mountains, in the three valleys now occupied
by lakes Keechelus, Kachess, and Clealum. The lower limit
of these glaciers was for some time about the position of the
lower ends of the present lakes. Here they built up heavy ter-
minal moraine barriers across the valleys behind which the lakes
were formed when the ice receded. The Clealum valley probably

contained the longest glacier, about twenty to twenty-five miles
in length.

Pleistocene Gravels.
In the valleys below the limits of glaciation the streams were

so loaded with detritus from the melting ice front that they were

not able to carry it when they reached the lower grade valleys,
—2
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A. Yakima Basalt at South End of Table Mountain.

B. West Face of Table Mountain at Head of Williams Creek.
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and deposited it as a deep gravel filling in the valley bottom.
After the glaciers receded the load of the rivers diminished and
they began to re-excavate their valleys in the glacial gravels.
This work is still going on, and the result is a series of gravel ter-
races along the Yakima River and its larger tributaries at dif-
ferent heights above the river. (Plate V.) In the Roslyn-
Clealum field the gravel covering over the Roslyn formation in
the Clealum and Yakima valley reaches a depth of over 300 feet
and has entirely covered the southeastern part of the formation.
Scattered over the hills of the Roslyn formation at considerable
elevations above the town are numerous glacial boulders.

In the Manastash and Taneum fields no evidence of glacia-
tion extending as far down the valleys as the coal fields was ob-
served. These valleys were probably occupied by very short
glaciers, even at the time of maximum glaciation.

Landslide Topography.

A striking feature in the topography of the basalt rim, bor-
dering in part the coal areas, is the occurrence of numerous land-
slides. Heavy masses of the basalt tablelands, undermined by the
erosion of the underlying sandstones, have become detached from
the steep cliffs, and pushing downward have come to rest in the
form of a series of steps below the upper escarpment. These
forms are common on Lookout Mountain southeast of Clealum,

“and on Table Mountain at the head of Williams Creek. (Plate
X.)

Changes in Drainage.

Many readjustments of drainage have occurred along the
Yakima River, and since one of these has been effective in ex-
posing the coal beds on First Creek, which are mentioned later,
the conditions leading up to it will be described in detail. By
referring to the general map (Plate I), the changes may be
readily followed.

Where the Yakima River leaves the Roslyn-Clealum valley
its antecedent character is well shown. Here it has cut a nar-
row canyon, 1,200 to 1,500 feet decp across the uplifted north-
western edge of the great basalt plateau. For a distance of
over ten miles it has intrenched its valley, with well developed me-
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anders, below the surface of the old plateau on which the mean-
ders were developed. The glacial gravel filling, already de-
scribed, extends through this gap and forms finely developed
gravel terraces above the present river level. Two large tribu-
tary streams, the Teanaway and the Swauk Creeks, join the
river near the gap. They both appear formerly to have had
their course across the basalt rim, but on account of differences
in the power of the streams, and in the resistance of rocks across
which they had to erode their valleys, rather interesting read-
justments have taken place since the last uplift.

The Teanaway Creek, one of the largest tributaries of the
Yakima River, now flowing into it on the Roslyn sandstone
northeast of Lookout Mountain, formerly flowed by way of what
is now called Swauk Prairie through the valley occupied by
Swauk Creek into the Yakima River. The Swauk Creek flowed
through Horse Canyon as a tributary of the lower Teanaway.
But a tributary of the Teanaway, a stronger stream working
in the softer Roslyn sandstone, captured the headwaters of the
Swauk Creek and later, since the Yakima was able to lower its
gap in the basalt rim more quickly than the Teanaway, it cap-
tured the headwaters of the Teanaway, by means of a tributary
from the east, and took them out along the softer formation,
leaving the smaller Swauk Creek in its old channel.

The most recent adjustment here, and the one referred to -
above, is in First Creek that formerly flowed through and cut
Green Canyon. It now flows into Swauk Creek through a deep
canyon, along a narrow belt of soft Roslyn sandstone, north of
and below the ridge of hard Yakima basalt in which Green Can-
yon is cut. The coal beds described later are exposed in the
young valley freshly cut in the Roslyn sandstone. (Plate XXV.)
So recent is the capture that the new valley is not eroded very
far back from Green Canyon, and by going up stream about one
mile the head waters of First Creek are still taken out through
Green Canyon, their old channel, for irrigation purposes. Be-
low Green Canyon the old valley, a large flat-floored dry creek
bed, is now called Dry Creek.
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CHAPTER ILI. A
GEOLOGY AND CLASSIFICATION OF COAL.

HISTORY OF FORMATION.

From a geological standpoint coal must be considered as a
sedimentary rock, interstratified with other common sediments,
such as sandstones, shales, and conglomerates. Thus in the Ros-
lyn formation, consisting of approximately 3,000 or 4,000 feet
of sediments, there are 10 or more coal beds, varying in thick-
ness from 20 inches to 15 feet, but aggregating about 47 feet
of more or less pure coal. (Figs. 3 and 4.) No way is known
by which such large beds of carbon could be formed, ex-
cept by the accumulation of vegetable matter, and
proof of the vegetable origin of these beds is seen
in the presence of plant remains in the beds of shale and sand-
stone associated with the coal, and in the remains of trees and
other forms of vegetation in the coal itself. From the fossil
leaves contained, and the nature of the sediments and their dis-
tribution, it is thought these beds were laid down in a lake basin
of irregular outline. _

There is, however, some difference of opinion concerning the
way in which these immense beds of vegetable matter accumu-
lated, and the conditions under which they were converted into
the various classes of coal. Much of the coal in different beds is
practically pure, containing little matter that was not present
in the plants from which it was formed. In the Roslyn bed,
which is 4 feet 6 inches in width, there are in general only two
very thin clay partings; it is also quite uniform throughout the
entire field of 10,000 acres. The purity and uniformity of such
a bed points to the conclusion that it must have been built up of
vegetation growing where the coal is found at present. If it
were made up of vegetation carried from the surrounding slopes
into the basin, it would certainly have been mixed with clay and
sand which would have caused more numerous partings, and it
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would not show the uniformity in character and thickness that it
does throughout the field.

The fact that the most delicate portions of plants are fre-
quently preserved intact in the coal, along with tree trunks and
larger branches, could hardly be explained by transportation of
material for any great distance, or by any method of accumula-
tion other than the growth in place of the bulk of the vegetation
forming the coal. But while this explains the formation of large
masses of uniform, pure coal, it is not to be understood that
some coal beds, or portions of some of the beds more or less pure,
may not have been formed by vegetable matter carried into
swamps, along with other sediments, by rivers or other trans-
porting agencies. The absence of partings indicates also that
very little silt was washed into the basin during the collection
of the vegetable matter.

CONDITIONS FAVORABLE TO COAL FORMATION.

The conditions under which such collection in place might
occur are exemplified at present in various marshes and peat
bogs. They are the only places where such collection of vege-
tation is going on without the addition of large quantities of
sediment, and those that are most free from sediment are sur-
rounded by low lying land from which little sediment is derived.
The condition for the collection, preservation, and change of
vegetation into the different varieties of coal are well described
in a report on the Peat Deposits of Ohio by Alfred Dachnowski.*

The most favorable conditions for development of peat bogs
are the accumulation of plant debris in relatively permanent
bodies of water or in moist shallow swamps. In either case
chemical disintegration is brought about partly by weathering
and partly by bacteria and fungi, but with restricted access of
air. By the aid of the bacteria and fungi the plant tissues,
largely covered by water, at first undergo a very slow chemical
decay. Later as they become buried under deeper layers of
vegetation, and are protected from atmospheric oxidization, they

* Bulletin 16, 4th Serfes, Geological Survey of Ohio, 1912. Peat deposits.
By Alfred Dachnowski, pp. 21-23.
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are subject to fermentation and reduction processes, and to
gradually increasing pressure. By such changes certain gases
and moisture are set free and the plant tissue becomes carbon-
ized to peat, lignite coal, bituminous coal, and finally to anthra-
cite coal.

TIME NECESSARY FOR COAL FORMATION.

The period of time necessary for the collections of the vege-
tation and for the formation of coal is always an interesting
matter, even though the estimates are based on insufficient data,
and lead only to approximate figures. It has been estimated
that if the products of a vigorous annual growth of vegetation
were all preserved for 1,000 years and compressed to the same
density as coal, without any loss, it would give rise to a layer
about 6 inches thick. But this would include much vegetable
matter that escapes during the process of coal formation and if
we take an average of about 40 per cent of the vegetable matter
remaining to form coal it would yield about 2 inches per 1,000
years, or a foot of coal in 6,000 years. For the Roslyn bed,
which is 4 feet, 6 inches thick, it would require about 25,000
to 80,000 years for the collection of the vegetation alone under
conditions as we know them at present. Adding to this the in-
definite time necessary for the collection of the thousands of feet
of sand and shale, and other coal beds, and the time necessary
for the conversion of the vegetation into coal, we have a very
rough approximation of the long period of time required for the
development of the coal bearing formation of the Roslyn basin.

OCCURRENCE OF COAL.

From a study of the formation of coal we are led to think of
the coal beds as being built up in almost horizontal layers in the
various coal basins in the county. But we must also consider
the fact that these swamp basins were limited in extent, and that
if we could trace the coal beds to the border of the old swamp
they would gradually thin out and disappear. The completz2
section of a coal bed would therefore be in the form of a very
much flattened lens, and not a bed of uniform thickness through-
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out unlimited areas. The uneroded portions of the different
beds examined do not show this peculiarity, because apparently
only the central thicker part of the coal bed is left and we sec
the exposed edges of these thicker portions.

. IRREGULARITIES DUE TO MOVEMENTS OF THE EARTH’'S
CRUST.

None of the Kittitas County coal beds studied are at pres-
ent in their original horizontal position. They are all tilted
more or less in different directions, even in the same bed, and this
is largely a result of the compression to which this portion of
the earth’s crust has been subjected during the development of
the Cascade Mountains. After the formation of the coal an
uplift or series of uplifts, acconpanied by folding and faulting
of the coal-bearing formations, changed the attitude of the coal
beds and caused them to dip at various angles in different direc-
tions. (Plates I and II.)

Thus the Roslyn bed is in the form of a large but simple syn-
clinal fold with axis running irregularly in a northwest northeast
direction. The fold is not symmetrical, as we find the beds on the
north side of the fold dipping at a low angle, (Plate XXII.)
while the beds on the south side dip at a higher angle toward the
axis. The axis of the fold is not horizontal, but pitches to the
southeast, going deeper under cover at the eastern end of the
field, and causing the coal to outcrop in curved form at the west-
ern end of the field. Several faults and variations in thickness
of the Roslyn bed occur where the dip changes. For descrip--
tion of these see Chapter III, “Folds and Rolls in the Roslyn
Bed,” and Figures 6 to 29.

In the upper Taneum field the coal stands at higher angles
and is badly crushed, indicating more intensive folding and
slipping due to stronger pressure. The same is true of the
lower Taneum field, where although the coal bed dips at a low
angle it is badly faulted and shattered. In the Manastash field
the beds are strongly tilted and have been subject to slight
faulting, no doubt due to the intrusion of the large diabase dike
through this formation. (Plate 1.)
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IRREGULARITIES DUE TO EROSION.

Irregularities in coal beds caused by erosion may be of two
general types, first, irregularities in the bed itself caused by
erosion when the coal was being formed and described in this
chapter under irregularities in deposition, and second, irregu-
larities produced by erosion after the coal beds were formed and
subjected to movements just described. Thus after folding and
tilting occurred in the Kittitas coal fields, active river, and in
some cases glacial erosion, removed a large part of the de-
formed strata containing the coal and left the edges of the coal
beds exposed in very irregular form. (Plate I.)

The effects of erosion depend on the general style of fold,
whether syncline or anticline, the direction of the drainage lines
in relation to the folds, and the extent to which erosion has cut
into or removed the coal-bearing formation.

In the Roslyn-Clealum field the structure is a large unsym-
metrical syncline pitching to the southeast, with steep dips on
the south side, and gentle dips on the north side of the axis.
Two river systems, the Teanaway and the Clealum-Yakima
have eroded valleys almost parallel to the axis of the fold,
leaving a ridge along which the northern outcrops of . the
Roslyn and lower beds occur in regular outline. The southern
limb of the fold has been eroded to some depth, and is hidden
by the gravel filling along the Yakima and Clealum valleys,
which in places is 300 feet deep. The curved form of the out-

_ crop, at the western end of the field, is the result of the eastward
pitching syncline as it brings the coal to the irregularly eroded
surface. The coal beds lie in the upper part of the formation,
and have thus escaped erosion only in this belt of varying width
on either side of the axis of the syncline. The dip of the beds on
the slope back of Roslyn and Clealum is so near that of the ero-
sion slope, and the coal so near the surface, that the small tribu-
tary streams cutting ravines on this slope have removed irregu-
lar areas of the coal, thus adding to the irregularity of the out-
crop line. (Plate II.) A comparison of the area underlaid by
the Roslyn coal with the total area of the Roslyn formation, in-
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dicates the possible extent to which erosion has been effective
in removing the upper coal-bearing part of the formation.

In the Manastash field the south fork of Manastash Creek has
eroded its valley almost parallel to the axis of an anticlinal
fold, thus causing the coal to occur on either side of the valley
in irregular outcrops dipping away from the valley. Tributary
valleys from either side cut the limbs of the folds, thus increas-
ing the irregularities of the coal outcrops. The top of the fold,
and the gaps in the sides have been removed by erosion, along
with a considerable amount of the coal-bearing formation, leav-
ing on either side only the remnants of once continuous beds.

In the lower Taneum field the whole exposure of the coal-
bearing formation has resulted from the Taneum Creek eroding
the basalt cover from a small anticline of sedimentary rocks.
The erosion of the valley, at an angle across the fold with low
dips on either side, has removed a larger portion of the coal,
and it is found outcropping on the south side of the valley dip-
ping westward, but it also crosses the valley or runs along
through it as indicated by the presence of coal in the drill hole
west of the mine. (Fig. 88.)

In the upper Taneum field the two forks of Taneum Creek
cut across the uptilted edge of a series of strata containing coal
at an angle of 45 degrees to the strike of the beds. In both
cases the river eroding against the south side of valleys causes
the exposure of the coal on the south bank, while it is hidden in
the broad valley by alluvial deposits. No outcrops correspond-
ing to those on the south valley walls were found on the north
side because of the loose mantle rock cover. (Plate XXIIIL.)

Thus it is seen in the different fields that the relation of the
present outcropping beds of boal and the amount of coal still
remaining depends on the relations of the valleys to structure of
the coal bearing series.

Another type of irregularity due to erosion is seen in the
“Busy Bee” mine. (Plate II.) Here there seems to have been
an early period of erosion which cut ravines into the slopes of
Roslyn sandstone. This was followed by deposition of sands
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and gravels filling some of the old drainage lines. The former
drainage eroded portions of the coal bed, and the bed is now
found, under a

regular sur-
face, inter-
rupted by

areas of

coarse sand
and gravel

(Fig. 2.) This Fi1e. 2. Section Showli:fpg?t;filtions at “Busy Bee”
same thing

occurring, when the coal beds were being formed would allow
the Roslyn sandstone to occur as masses interrupting the con-

tinuity of the Roslyn bed.

IRREGULARITIES IN DEPOSITION OF THE COAL BEDS.

No marked irregularities in the Roslyn bed due to erosion
at the time of formation, or irregular deposition of material in
the swamp have been discovered. The coal varies only slightly
in character and in thickness from one end of the field to the
other (Figs. 26 to 29), and the conditions during formation
must have been remarkably uniform, with low lying lands around
the swamp, and any streams flowing into it almost free from silt.
During the formation of the “Big Dirty” bed which lies above
the Roslyn bed, the conditions must have changed from time to
time, as the benches of clean coal in this bed are separated by
layers of bony coal, carbonaceous shale, and shale. (Fig. 31.)

In the lower Taneum field there seems to have been irregular
deposition of silt in the swamp from the fact that a thick band
of slate appears in certain parts of the seam but is not continu-
ous. (Fig. 40.) Many of the beds containing coal in the dif-
ferent parts of Kittitas County cannot be profitably worked
because of the amount of sand and silt mixed with the coal at
the time of formation. This is the case in the First Creek, Wil-
liams Creek and Naneum Creek beds and also in some of the
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A. No. 5 Mine, N. W. I. Co. Normal Appearance of Roslyn Bed.

B. Beekman No. 2 Mine, Roslyn Fuel Co. Erosion of Coal and Gravel
Filling Near Outcrop in Big Dirty Bed.
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beds in the Manastash, Taneum and Roslyn field. (Figs. 42,
45 and 46.)

ROCKS ACCOMPANYING COAL.

Commonly underlying the coal will be found a layer of shale,
or sandy shale, representing the soil on which the coal-forming
vegetation grew. In some cases, however, a pure sandstone
may underlie the coal bed. The conditions following the col-
lection of vegetation seem to have been favorable for the collec-
tion of fine silt immediately above the coal, and carbonaceous
shale, shale, and sandy shale are common roof materials.

Carbonaceous shale and bone commonly occur associated
with the coal beds, and some so-called coal beds are composed
largely of these materials. In any case a change laterally may
take place in the bed, so that a bed of good coal in one part of
the field may become bony or change to carbonaceous shale, or
vice versa, due to local variations in the conditions of deposition.
The bone represents a condition in which the vegetation is thor-
oughly mixed with silt during deposition, and the carbonaceous
shale represents a close interbedding of vegetable matter with
these beds of clay.

The shales found in the coal measures vary in color from
light gray almost white, to dark gray, or almost black filled
with carbonaceous matter. They also vary from a pure shale,
with scarcely any grit, to shale with abundant sand, known as
a sandy shale. The mud forming the pure shale beds was car-
ried into the coal basins from the low surrounding country, and
deposited in layers between the masses of vegetation forming
the coal. No use is made of these shales at the present time in
Kittitas County, but in other localities they are used for the
manufacture of various clay products, as porcelain, pottery,
brick and tile.

The sandstones and conglomerate, interbedded with the coal,
represents stronger erosive agencies carrying coarser and
heavier materials from the surrounding country in the intervals
between the periods of vegetable growth and collection. Very
thick layers of heavy sandstone occur in the Roslyn formation
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and extensive layers of coarse conglomerate are found in the
Manastash formation. The nature of these beds points to a
limited transportation of the materials forming them. Cross-
bedding due to current action and sudden changes in thickness
and texture are quite common. The sandstones are so friable
that little use is being made of them for building purposes.

No limestone beds have been found in the coal-bearing
formations of Kittitas County, nor any beds containing marine
fossil shells. This would indicate absence of shell-forming ani-
mals in any abundance, due probably to the fact that these beds
were laid down in_temporary fresh water lakes. Interbedded
with the regular sedimentary rocks of the series, are thin beds
of volcanic ash mixed with clay, collected from volcanic erup-
tions during the periods when the basins were occupied by lakes.

The coal beds are also closely associated with igneous rocks
of the basaltic type. The Roslyn formation was underlaid and
capped by basalt, but no dikes have been found cutting it.
(Plate I.) The Manastash formation was capped by basalt and
is only exposed at present where the basalt has been eroded.
(Plate I.) Cutting through it in various localities are numer-
ous diabase dikes which no doubt represent the filled conduits
or feeders of the surface flows. These dikes offer serious obsta-
cles to the continuity of the coal beds in the Manastash field.
(Cross sections and map, Plates I and XVIIL.) The Taneum
field and the Manastash field are separated only by an area of
the basalt cap that has not been eroded. The Taneum coal beds
are also greatly disturbed, probably by the proximity of in-
trusive masses of lava.

CLASSIFICATION AND ANALYSES OF COAL.

A general, simple, and satisfactory classification for all
grades of coal has not been finally decided upon by coal opera-
tors, or even by the United States Geological Survey. But a
classification based upon analyses of a large number of sam-
ples, and used in the trade and in the eastern coal field includes
the following divisions: (1) anthracite, (2) semi-anthracite,
(3) semi-bituminous, (4) bituminous, (5) sub-bituminous, (6)
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lignite, and a still lower grade, (7) peat. The general cri-
terion for distinguishing these groups is that of the “fuel ratio,”
or the quotient of the fixed carbon divided by the volatile mat-
ter. This classification also follows closely the relative amounts
of fixed carbon.*

The following table shows proximate analyses of coals of
the more important divisions compared with coal from the Ros-

lyn-Clealum field.

PROXIMATE ANALYSES OF COALS.*

Peat | Lignite | Bitumi- [ Anthra- |Bitumi-
nous cite nous

Dismal Cali- Illinois | Pennsyl- | Roslyn

Swamp | fornia vania | No.?2
Moisture . 20.22 10.80 5.50 3.16 3.10
Volatile matter 52.81 43.10 39.50 3.72 35.6
Fixed carbon 5! 38.57 54.60 81.14 48.8
Ash .... 7.58 5.40 11.08 12.47
Sulphur ....oooiiiiiiiiiiiiiiiiiiiiiniiieeerinn e e 8.99 0.35
Fuel ratio ....covvviviriiinniiinnnnnaianns A7 87 1.38 | 21.83 [........

* Taken from table pp. 6-8, Ries’ Economic Geology of United States.

In connection with the classification based on fuel ratio, E.
E. Smith in his report on the Coals of Washington describes
the physical characteristics of the different classes of coal as
follows :T

“l. Anthracite may be defined as a very hard, jet-black
coal having a dense homogeneous texture, a bright luster, ir-
regular conchoidal fracture, burning with a short blue flame,
and having a fuel ratio of 10 or more. The coal from the
Scranton-Wilkesbarre district in Pennsylvania is typical an-
thracite.

“Q. Semi-anthracite is below the grade of anthracite, but
its limits are not well defined. In general, it is fairly hard and

* For a detailed description of the classification of coals, see (1) Profes-
sional Paper No. 48, U. 8. Geological Survey, pp. 156-173, Classification of
Coals, by M. R. Campbell. (2) Bulletin No. 1035, Canadian Geological Survey,
pP. 44, Scheme of Classification, by D. P. Dowling.

+ Bulletin 474, U. 8. Geological Survey, Coals of Washington, by E. E.
Smith, pp. 8 to 10.
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bright, but it resembles bituminous coal in that it is more or less
affected by minute jointing. It contains a considerably lower
percentage of volatile matter than bituminous coal and has a
fuel ratio of about 6 to 10.

“3. Semi-bituminous coal is the next group below the semi-
anthracite and above the bituminous. This group includes some
of the best known coal of the country, such as Pocahontas coals
of Virginia and West Virginia, and most of the coal of Arkan-
sas. The fuel ratio of coal of this group ranges approximately
from 3 to 6. :

“4, Bituminous coal includes all so-called ‘soft coal’ which
is lower in fuel ratio than semi-bituminous coal and which does
not contain sufficient moisture to cause it to crumble (mechani-
cal breaking down not being considered). In the State of
Washington coal from the mines operating at present in Pierce
and Kittitas Counties and from the Black Diamond and many
other mines in King County is typical bituminous coal.

“5. Sub-bituminous coal has generally heretofore been
called ‘black lignite.’ The criteria for the distinction of coal of
the sub-bituminous group are in general (1) grayish black or
black color; (2) almost universal absence of a distinct system
of joints; (8) high percentage of moisture, which is given off
readily on exposure to the sun or air, thus producing the pecu-
liar irregular weathering spoken of as ‘“slacking,” and (4)
the tendency of many of these coals to separate on weathering
into thin plates parallel to the bedding. Of these features the
color and the manner of weathering are the most characteristic.
The color distinguishes the group from lignite; the manner of
weathering separates it from bituminous coal. Fresh blocks
of sub-bituminous coal, when exposed to the air or to the direct
rays of the sun, tend to bréak up independently of the joint
planes into smaller and smaller fragments having irregular
faces. The fresh coal has a bright luster and an irregular con-
choidal fracture; the resultant fragments are lusterless and
their surfaces do not show an even fracture of any kind. Cer-
tain sub-bituminous coals have high heating value and will
stand transportation in closed cars without ‘slacking,’” but will
check slightly when exposed to the direct rays of the sun in
open cars. Such coal is evidently near the border line between
the bituminous and sub-bituminous groups.

“6. Lignite is distinguished from sub-bituminous coal by
its color, texture, and amount of moisture. It is brown in color
or has a distinctly brownish cast. The texture is usually more
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or less distinctly woody, although some lignite, notably that of
Texas, is amorphous. The amount of moisture is greater than
that of sub-bituminous coal, and ranges from 25 to nearly 45
per cent. The lignite of North Dakota is typical of this group.
The name lignite is perhaps more loosely used at the present
time than any other in the list. On the Pacific coast, especially
in the State of Washington, this term is applied to all the coals
commonly classed as ‘lignite,” ‘brown lignite,” ‘brown coal,’
‘black lignite,” ‘lignitic coal,” and very frequently to a good
grade of bituminous coal.”

The coals from Black Diamond, Carbonado and Roslyn are
often referred to as lignite, though they are the best bituminous
coals of the state.
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CHAPTER III.

DETAILS OF THE ROSLYN-CLEALUM FIELD.
GENERAL DESCRIPTION.
LOCATION AND EXTENT.

The Roslyn-Clealum coal field, one of the most productive on
the Pacific coast, is located along the Yakima and Clealum
River valleys. It extends diagonally across T. 20 N., R. 15 E.
from the town of Clealum, on the Northern Pacific, and Chicago,
Milwaukee & St. Paul railroads, about six miles northwest to
Lakedale near the lower end of Lake Clealum. It includes at
the western end of the field part of sections 1, 2, 11, 12 and 13
of T. 20 N., R. 14 E. and sections 385 and 36 of T. 21 N., R.
14 E., and at the eastern end of the field a few sections in the
west central portion of T. 20 N., R. 16 E. (Plate I, shaded
area.) '

From the outcrops along the northern edge of the field, and
the drill hole records and mine workings in other parts, it is esti-
mated that the total area of the section underlaid by more or
less productive coal measures is about 26,000 acres. Most of
the coal mined at present, however, is taken from the Roslyn
bed, and the area over which this extends is only about 10,000
or 11,000 acres, or less than half the total area. In Plates I
and II the larger area is shown by a dotted line indicating the
estimated extent of the lower beds and the smaller area is shaded
showing probable extent of the Roslyn bed. The northern
border is both cases is definitely marked by the outcropping
seams, but the southern border is more or less indefinite because
it is deeply covered by valley gravels, and drill hole records are
not complete over the entire section.

The coal occurs in the upper part of a series of sandstones
and shales known as the Roslyn formation. This formation
occupies a basin surrounded by Teanaway basalt except on the
southeast side, where it disappears under a high rim of Yakima
basalt, the most prominent part of which is called Lookout
Mountain. The total area underlaid by the coal bearing meas-
ures is about 140 square miles or 90,000 acres. This basin has



52 Bulletin No. 9, Washington Geological Survey

been strongly eroded by, and is now drained by the Yakima and
its two tributaries, the Clealum and Teanaway Rivers, the lat-
ter furnishing a well exposed section of the lower part of the
formation. (Plate 1.)

Along the southwest side of the basin the formation is ex-
posed in a few small areas ranging in elevation from 2,300 feet
to 8,000 feet immediately in contact with the rim of Teanaway
basalt. Where observed, the formation seemed to be badly
broken, with variable dip but always toward the valley and quite
steep. For a distance of one to three miles across the valley
the formation is entirely hidden by the terraced river gravels,
varying in depth from 100 to 800 feet. The structure and con-
tent of the formation here can only be worked out from drill
hole records. In Plate I the whole area is mapped as Roslyn
formation, no account being taken of the gravel cover, but
wherever the depth of the gravel filling could be ascertained it
was used in drawing the cross sections of the field in Plate II.

North of Clealum and Roslyn the formation has been left as
a prominent ridge, ranging in elevation from 38,300 feet to
8,800 feet, which separates the Teanaway basin from the Ros-
lyn-Clealum basin. (Plate III.) The coal outcrops along the
Teanaway side of the ridge dipping gently toward the valley
or in the reverse direction from the dip south of the river. It
also forms a series of low cliffs along the different branches of
the Teanaway river, (Plate IV), where it dips toward the south-
west, and is exposed to its base on the Teanaway basalt north-
east of the basin. The nature of the rocks comprising the for-
mation is well shown along the Teanaway, and will be described
later in connection with that part of the field. (Page 115.)

ARRANGEMENT AND THICKNESS OF THE COAL BEDS.

A study of the formation as it is exposed, and from drill
hole records, indicates clearly that the productive coal measures
are confined to the upper 1,000 or 1,200 feet of the series. A
cross section of the upper 620 feet, taken at the Roslyn shaft,
(Fig. 3) shows six beds of coal above the Roslyn bed and the
nature of the interbedded sediments. Only one of these beds,
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known as the “Big Dirty,” about 210 feet above the Roslyn bed,
is now being worked. A section taken from drill hole records at
Jonesville or the Beekman mine below the Roslyn bed shows at
least three seams of coal. (Fig. 4.) One of these beds, 3l
feet thick, about 400 feet vertically below the Roslyn bed, is
being worked at Lakedale in what is known as the “Wright”
mine and also at “Plant’s” mine, about one-quarter of a mile
south of the Wright mine. (Plate II.) This bed has been
prospected in many places along the Teanaway side of the ridge,
but up to date very little work has been done on it. A fourth
bed about two feet thick lying below the Lakedale bed, some 350
feet, is exposed in a prospect tunnel about a quarter of a mile
northwest of the “Wright” mine (Section A, Plate II), but on
account of the poor quality of the coal, and the thinness of the
bed, no further work has been done on it.

Figure 5 is a cross section of formation in the NW1j, of
Section 18 at Drill Hole No. 85. It was thought that the upper
12-foot bed of coal was the Roslyn bed, and that the other two
beds five and six feet respectively, were the beds underlying the
Roslyn bed, the intervals, however, allowing for a 45 degree
pitch at this point, do not agree with the intervals of any other
section below the Roslyn, but they correspond more closely
with the section underlying the “Big Dirty” bed and are so used
in section B, Plate II.

The totad thickness of the eleven beds of coal computed from
the cross sections is about 47 feet, of which the Roslyn bed fur-
nishes about four feet six inches of the highest grade coal in the
field, and is so easily worked that very little has been done in
opening up the other beds. When the Roslyn bed is exhausted
these other beds will undoubtedly be used and mines on two of
them are already shipping coal.

STRUCTURE OF THE FIELD.

The shape of the field, the ease with which the coal is mined,

and the methods employed in mining, are all due to the sim-

plicity of the structure and the regular and undisturbed nature
of the coal throughout the basin. The formation has been fold-
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ed up in the form of a large unsymmetrical syncline with low
dips on the northeast side and rather steeper dips on the south-
west side, thus throwing the axis of the fold nearer the south-
west side. (Plate II, Structure Sections.) The syncline pitches
and apparently flattens slightly toward the southeast where it
passes under the Yakima basalt of Lookout Mountain. The coal
seams occurring in the upper part of the formation have escaped
erosion for a short distance only, on either side of the central
axis of the fold. They outcrop along the northern limb of the
fold on the ridge back of Roslyn with strikes varying from N.
45° W. to N. 70° W. and dipping from 8° to 15° SW. At the
western end of the field where the pitching fold carries them up to
the surface, the strike changes from 70° W. to N. 75° E. and the
dip changes from SW. to SE. The coal is entirely hidden on the
southern limb of the fold and at the eastern end of the field where
the formation is deeply covered with gravels or possibly eroded so
deeply before being covered that the coal is not present. A drill
hole record in the NELj of the NE1j of section 2, T. 19 N,,
R. 15 E., put down 1,100 feet, cuts no coal seams similar to
those shown in the cross sections in Plate II and Figures 2 and 3.
The peculiar irregularities in the northern outcrop line are ac-
counted for by the proximity of the coal to the surface which
follows closely the dip of the beds. Small gullies or ravines
eroded in the upper part of the formation have removed consid-
erable portions of the Roslyn bed and left the outcrop line very
irregular. In some cases as at the Busy Bee property previous
erosion channels now filled with sand and gravel interfere with
the continuity of the coal under the present surface. (Fig. 2.)

Secondary folds or rolls across the primary fold are shown
by the courses of the gangways on the large mine map (Plate
IT), and drill hole records at Jonesville and Roslyn show a sec-
ondary anticline, with axis almost parallel to the general direc-
tion of the axis of the main fold where the structure changes
from the gentle dips of the northern limb to the steeper dips of
the southern limb of the main fold. This fold is probably con-
tinuous throughout the field. Records of all the drill holes were




The Coal Fields of Kittitas County 57

not obtainable but from what could be obtained the sections in
Plate II were worked out. More accurate sections could be made
if all the records held by the different mining companies were
available.

All the folding seems to have occurred with but little dis-
turbance of the coal, and no serious faulting or irregularities
were encountered until the lower levels in the different mines
were reached. But where the coal is beginning to fold up on
the south limb of the syncline it shows slight irregularities.
These changes are described in detail later in this chapter
under the heading “Folds and Rolls in the Roslyn Seam.”

THE ROSLYN COAL BED.
GENERAL STATEMENT.

The most important bed of the field known as the Roslyn
bed, has been worked the full length of the field about seven
miles, along the northeastern limb of the fold and round its
western end. The directions of the gangways on the mine cap
(Plate II) show the changes in strike of this seam. The thick-
ness of the bed including the shale cap rock varies from 4 feei
6 inches to 7 feet as shown in the graphic cross sections (Figs.
26 to 29) and in the tabular cross sections in this chapter; but
it contains on the average about 4 feet 8 inches of coal with only
one or two thin partings. This measurement has been used as a
basis for all computations of tonnage.

The coal changes considerably in character and quality
from the eastern, or Clealum, end to the western, or Jonesville,
end of the field. Near Clealum the coal is banded or laminated
and breaks with a splintery fracture. At Jonesville the coal is
denser and less banded, and breaks with a somewhat irregular
cubical fracture. It is also more jointed and friable than at
the east end. The amount of ash at Clealum runs slightly higher
than at Jonesville, and the heating value slightly lower. The
coal at the west end of the field makes a fairly good coke, while
that at the east end will scarcely coke at all. In other words
the coal has undergone further changes at Jonesville than at
Clealum.
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The coal of this bed is low in moisture and does not crumble
readily during transportation or storage. A large block of the
Roslyn bed has been exposed to the atmosphere in the Univer-
sity grounds since the Alaska-Yukon-Pacific Exposition in 1909,
and the surface is still in fairly good condition. No prepara-
tion for market is necessary beyond the separation of the thick-
er partings and the sulphur balls in the mine and the picking
of the lump coal at the tipple. The percentage of ash would be
greatly reduced if the coal was more thoroughly picked and
washed after coming from the mine. As it is, it makes a first
class steam and gas coal and is also well adapted for domestic
use.

ESTIMATED FUTURE PRODUCTION.

In working out the estimate of the coal content and prob-
able future production of the Roslyn bed the total area of the
probable extent was estimated from the map as 10,000 acres,
and the average thickness of the bed, 4 feet 8 inches, was used.
An estimate was made of the percentage of coal mined in each
part of the field in relation to the known coal of that section as
shown by the actual workings. From the information collected
it appears that about 70 per cent of the coal present has been
recovered in the areas already mined. Improved methods of lay-
ing out the workings will return a conservative estimate of 75
per cent for proved areas, which are now being worked, and for
the reserve coal a conservative estimate of 80 per cent recovery
has been made. There is no reason why these figures should not
be exceeded.

ESTIMATES OF FUTURE PRODUCTION.

Acres Total —_—
Tonnage* |Per Cent., Tons

Probable 8red ..........ceeeeienincrnencrannns 2,660 19,046,400 80 15,237,120

Proved area unworked..............cccuveunnn 8,853 28,666,320 7% 21,499,740
Proved area worked...........ccoivveiieninnnn 3,587 26,687,280 0 18,686,006

L0 Y T RN 10,000 74,400,000 |.......... 56,422,956
Production to January 1, 1914.......ccvveeefevneenneni]ieiinininnnediiinnnnnns 21,848,176
Estimated future production..............ofeeeveiiioeiniiiiiiiioiiii, 33,579,780

* 7,440 tons per acre.
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A. No. 4 Mine, N. W. I. Co. Thinning of Coal Along the Main Slope
Between 13th and 14th Levels.

B. No. 4 Mine, N. W. 1. Co. Thinning of Coal Along the Main Slope
Between 13th and 14th Levels at a Point Below Illustration A.
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As a tentative conclusion then the estimated coal in the Ros-
lyn bed is 74,400,000 tons, of which by ordinary methods 55,-
422,956 tons is recoverable. The production up to the end of
December, 1913, was 21,843,176 tons, leaving a future esti-
mated production of at least 33,579,780 tons.

Further details of mining operations, figures representing
output of individual properties, and the analyses of the coal
from different parts of the field are given in Chapter VII and in
the appendices of this report.

FOLDS AND ROLLS IN THE ROSLYN BED.
By JOSEPH DANIELS.

The normal thickness of the Roslyn seam is 4 feet 6 inches,
made up of an upper bench of coal 29 inches thick, a parting of
coal and shale 4 to 6 inches, and a lower bench 20 inches thick.
(Plate XI A.) The cap rock is a soft shale varying in thickness
from nothing to 3 feet and above this is the roof of sandstone.
The bottom is a sandy shale. The “mining” is done in the mid-
dle parting as shown in Plate XII. The character of the sandy
shale bottom rock is shown in.the same plate. Variations in the
thickness of the seam are associated with local changes in the
structure of the field. (Figs. 26 to 29.)

The dip varies in different parts of the field from 10 degrees
to 30 degrees, gradually flattening in the deeper mines as the
synclinal axis is approached and varying in any one mine
through the limits indicated. The strike of the measures, gen-
erally southeast-northwest, also varies as can be seen from the
mine map (Plate IT), which shows the direction of the levels or
gangways in the coal. The syncline referred to is shown in the
geologic sections of the field. (Plate II.) This syncline pitches
from the west or upper end of the field toward the southeast, re-
sembling, in general, a spoon with one end removed. Mine work-
ings at the west end of the field in the Beekman No. 1 mine of the
Roslyn Fuel Co., show the pitching syncline by the change in
the direction of the lower west levels. At the east end of the
field, east of Clealum, the coal in the hills has been removed by
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erosion, but there is little doubt that it will be found under
greater cover below the valley floor.

Structurally, the Roslyn field is comparatively simple when
Judged by the coal fields of the western slope of the Cascades.
The major structure of the pitc}{ing synclinal fold is com-
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Fi1c. 7. No. 5 Mine, N. W. I. Co. Section of Seam on 7th Level, East

Fic. 8. No. 5 Mine, N. W. I. Co. Simple Roll in Roof on No. 1 Manway,
East Side, Below 6th Level.

plicated by secondary changes, developed as a result of move-
ment within the field which formed hills and valleys or saddles
and troughs which topographically have large extent over the
field. These are best shown in the workings between the Cle-
alum Mine No. 1 and Roslyn Mine No. 7 and between Roslyn
Mines No. 5 and No. 4. (Plate II.) The swinging in the courses
of the mine gangways indicates the contours of these waves. It
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will be noted that the direction of this change is east-west or
slightly north of east from the regular southeast strike of the
gangways in most of the mines.

In addition to these changes, local variations of lesser ex-
tent are found throughout the entire field. They are locally
known as “faults” but are really warpings or small rolls which
have thinned and thickened the coal, and have changed the angle
of dip as well as the direction of levels and slopes within the af-
fected areas. The method of mining coal, whether in flat rooms,
gravity plans or chute breasts, is a factor of this variation in
dip. Figure 6, which is a section along a portion of the main
slope from the foot of the No. 4 shaft between the thirteenth
and fourteenth levels, shows the variations in thickness and dip
due to these rolls. Figure 25 is a detail showing the variation
in thickness. The longitudinal variation in the strike of the
levels has already been referred to.

The larger rolls present no particular problems but the mi-
nor rolls are of unusual interest. They may be grouped into
three classes:

(1) 'The roof rock approaches the bottom rock of the seam
which remains regular, thinning the coal below its normal thick-
ness; (2) the bottom rock comes up into the coal, the roof re-

F1e. 9. No. 7 Mine, N. W, 1. Co. Roll in Roof, 4th Level, West
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maining regular; (8) both top and bottom simultaneously
come together. In these cases the pinching is usually accom-
panied by a local thickening of the coal to a maximum height of
seven or eight feet within a comparatively short distance from
the zone of thinning. The thickness of the seam at the pinches
varies from nearly full height to six inches or less and in some
cases is merely a streak of carbonaceous matter which can be
followed very easily between its walls to the point at which it
widens. »
The rolls are of differing extent. In some cases they extend
for a comparatively few feet, in others for several hundred feet,
and in one case in the southwestern part of the field, section 12,
in the properties of the Roslyn Fuel Company the thinning of
the coal extends over several acres, completely preventing

5 Ft+.

F1e. 10. No. 2 Mine, Roslyn-Cascade Coal Co. Roll in Roof on Main
Slope Below 6th Level.

profitable mining. Entries were stopped before reaching the
property line on the east side of the Roslyn Fuel Company’s
mine, and the slope of the Roslyn-Cascade Coal Company’s
mine No. 2 was turned to the east around the extension of this
same pinching roll. :

The different phases of the variations noted above are illus-
trated by a series of figures and photographs. The photo-

graphs taken in the mines have been supplemented by diagrams
—3
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F16. 11. No. 7 Mine, N. W. I. Co. Section of Roslyn Seam on Manway
Above 4th Level, East.

F16. 12. No. 7 Mine, N. W. I. Co. Section in Rocm Off 5th Level, West.

5 Ft.

Fic. 13. No. 7 Mine, N. W. I. Co. Roslyn Seam on 4th Level, West.
Section Looking North.
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Fic. 14. No. 7 Mine, N. W. I. Co. Roslyn Seam on 4th Level, West.
Section Looking South.

5 F¢
Fic. 15. No. 7 Mine, N. W. I. Co. Roslyn Seam on 4th Level, West.
Seqtion Looking Northeast.

Fie. 16. No. 7 Mine, N. W. I. Co. Sandstone “Horse” in the Coal, 4th
Level, West. Section Looking East.
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drawn as near to actual scale as possible. In a few cases the
illustrations have been idealized. The cases noted and described
are those which were opened up during the period covered by
the field work on this bulletin and which were striking enough
to warrant special study. Many more examples could be given,
but those described are most representative of the variations
previously classified.

In the first class, that showing the roof rock cutting into the
coal seam proper, figures 7 to 16, inclusive, illustrate the gen-
eral occurrence. Figures 7 and 8 show simple rolls in which
the cap rock, normally a soft shale, is absent and the overlying
sandstone roof takes its place over the entire extent of the altered
thickness. The bottom sandy shale persists very regularly.
Plate XIII shows the photographs taken along the slope in the
N. W. 1. No. 4 mine, illustrated in Figure 6, which show the
change in thickness of the seam. In Figures 9 and 10 is shown
the normal seam with shale cap rock and the thinned portion
with sandstone immediately overlying, the latter having forced
its way through the shale. The photograph (Plate XIV-A),
taken on the main slope of the No. 2 or Patrick mine of the
Roslyn-Cascade Coal Company in Section 12 below the sixth
level at a point where the slope swings from its regular course
east of south to a nearly east-west course paralleling the upper
gangways, clearly shows the character of the roll corresponding
to Figure 10. This roll is the same as that shown in Figure 21
and Plate XVI-B, and is a part of the great pinch which ex-
tends over into the property of the Roslyn Fuel Company.

Figures 11 to 16 show a similar structure to that last de-
scribed but in these cases the thinning has been caused by a
horse or lens of rock forcing its way into the coal. In Figure
11 a mass of shale or sandy shale has been pressed into the coal
which on either side has a sandstone top. Extreme variation in
the thickness of coal can be seen here, from the normal height
below the lens to a few inches at the pinch above it. The thin
wedge of coal forced into the space between the shale and the
sandstone shows a foliated structure parallel to the shale.
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A. No. 2 Mine Roslyn-Cascade Coal Co. Roll in Roof on Main Slope
Below 6th Level.

B. No. 7 Mine, N. W. I. Co. Fourth Level, West, Roll in Roof.
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Figure 12 shows the variation in the dip and thickness of the
coal within the length of a single room. Starting on a high dip
from the gangway the coal flattens and thins at the point where
the sandstone roof comes down.

Figures 13 to 16 are illustrative of a peculiar situation in
No. 7 mine of the Northwestern Improvement Company. All
of these sections are on the Fourth level west just inside the main
slope. The seam rises above the general level of the coal at the
slope making it necessary to cut into the bottom rock in order
to grade the gangway. Projecting into the coal from above
the seam is a huge, irregular boulder-shaped horse of sandstone
which has a re-entrant angle on the side toward the west. The
general course of the gangway is northwest-southeast and the
sections shown are taken as follows: Figure 18 is looking north
and shows the sandstone cutting out part of the seam. Figure
14 is looking south, toward which point the lens of rock dips, and
cuts out the entire thickness of coal except for a thin streak a
few inches deep. Figure 15, looking northeast shows the knot
or projection which sticks out from the main mass of sandstone
and which appears to come up from below. Figure 16 shows
a section across this projection. The coal has been squeezed
into the irregular space between the knot and the main mass of
the sandstone and clearly shows a foliated, flakey structure due
to this squeezing. Plate XIV-B shows a photograph corres-
ponding to Figure 15.

This class seems to be the most frequent form of change in
the regularity of the seam. The fact that the sandstone re-
places the shale seems to indicate that the movement of this
firmer rock through the shale and coal has been responsible for
the coal thinning.

In the second class under consideration, in which the bottom
has moved up into the coal, examples are not so frequent. Fig-
ures 17 and 18 illustrate this class. Figure 17 shows a simple
roll in the bottom sandy-shale with only a small change in the
thickness of the coal. Figure 18 is, strictly speaking, the lon-
gitudinal edge of a fault, and is not so typical as Figure 14.
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5Fr
F1e. 17. No. 3 Mine, N. W. 1. Co. Simple Roll in Floor on Main Slope.

Fie. 18. No. 5 Mine, N. W. L. Co. Pinching of Coal on 6th Level, West.

In Plate XV are shown photographs of a roll in the bottom
rock on the fifth level east of No. 3 mine, N. W. I. Company.
This roll has thinned the coal below normal thickness, but in ad-
dition to this thinning the coal has been broken up by large
horses or partings of sandstone within the seam itself. Figures
19 and 20 show idealized sections of this occurrence.

The third type in which top and bottom come together is
best shown in No. 2 mine of the Roslyn-Cascade Coal Company.
In driving thé main slope the coal was found to thicken to 8
feet and then pinch, both roof and floor coming together until
the coal was only 22 inches high. Figure 21, a longitudinal
section along the slope and the photograph (Plate XVI-B),
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A. No. 3 Mine, N. W. 1. Co. Fifth Level East, Showing Roll in Bottom
and Horses of Rock in Coal.

B. No. 3 Mine, N. W. I. Co. Fifth Level East on Air Course, Showing
Pinching in Coal Below Rock in Photo Above.
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Fies 19. No. 3 Mine, N. W. I. Co. Splitting of Seam on 5th
Level, East.

T T —_—

Fie. 20. No. 3 Mine, N. W. I. Co. Splitting of Seam on 5th Level,
East, on Air Course

looking down slope show this very clearly. At the point shown
in the photograph the slope was turned to the southeast in
order to get away from the roll, but the edge of it was again
encountered and in driving toward the east the opening in the
coal skirted the rock for several hundred feet.

In many places, both top and bottom come together gradu-
ally without the abrupt change just noted, thinning the coal



WASHINGTON GEOLOGICAL SURVEY BULLETIN No. 9 PLATE XVI

A. No. 5 Mine, N. W. I. Co. Sixth Level East at Edge of Fault.

B. No. 2 Mine, Roslyn-Cascade Coal Co. Roll in Roof and Floor
' of Slope.
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Fie. 21. No. 2 Mine, Roslyn-Cascade Coal Co. Roll in Main Slope at
Bend Below 6th Level.

without changing the prevailing character of the walls. Figure
22 shows the character of the pinch on the seventh level east of
No. 1 mine of the Roslyn Fuel Company. This pinch is due to
the great roll already described as affecting both the Roslyn
Fuel and Roslyn-Cascade Coal Company’s properties. A simi-
lar example is shown in Figure 28 in which a rolling bottom ac-
companies the thinning of the coal. The cap rock remains and
the bottom sandy shale has not disappeared nor has it cut into
the coal in the abrupt fashion of the roof sandstone in the other
cases previously cited. This would indicate that the movement
of the bottom rock has been relatively insignificant. Figure 24
shows a situation in which a small wedge of coal has been
squeezed into an opening in the top rock.

Only one true fault has been found in the field. This oc-
curred in No. 5 mine, Northwestern Improvement Company.
Plate XVII is a portion of the map of this mine showing the
position and extent of the fault. In driving the slope on the
regular grade of the coal for that mine the seam was lost at the
fifth level but was found in the roof 16 feet above the slope. The
slope was continued on its former grade in rock until the coal
was again reached at a point between the sixth and seventh
levels. Here it passed under the slope forming a “swamp” but
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F16. 22. No. 1 Mine, Roslyn Fuel Co. Roll on 7th Level, East.

5Ft

F16e. 23. No. 7. Mine, N. W. I. Co. Variation in Roslyn Seam on 5th
Level, West.

F1e. 24. No. 4 Mine, N. W. 1. Co. Detail of Portion of Seam on Main
Slope, Looking West.
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it soon resumed its regular dip. The fifth east and west levels
driven just above the fault were in troubled ground for some
distance on each side of the slope but the coal was fairly reg-
ular and its dip was progressively increasing. The sixth levels
ran into the fault whose plane is at right angles to the direction
of the slope.

Study of this development indicates that the coal had lo-
cally been crumpled into a recumbent fold and that an over-
thrust fault with a displacement of about 16 feet had resulted.
(Fig. 25.) The fault plane extends several hundred feet in a
northeast-southwest direction but instead of intersecting coal
of normal thickness, the seam is found to pinch to a feather
edge and disappear. Figure 18 shows the appearance of this
feather edge and Plate XVIII is a photograph showing the
transition from the thick coal to the pinch at the west end of
the fault. Plate XIX-A is a photograph showing in more de-
tail the roll in the bottom and the change in the height of the
coal. Plate XVI-A shows the appearance of the fault at the
east end of the sixth level, east. Plate XX shows two photo-
graphs taken on the airway parallel to the main slope just below
the fifth east level. Illustration A shows the point at which the
coal turns back on itself on the limb of the fold above the fault,
and illustration B shows the lower limb of the fold below the
fault. The airway was driven as far as possible in the coal follow-
ing its irregularities and it was thus possible to get photographs
illustrating the fold. The photographs in Plate XXI were
taken on the main slope below the sixth level at the point where
the coal intersects the rock slope. Photograph A shows the
seam dipping under the slope, and B is a detail photograph
showing the coal which has here been squeezed into an opening
or break in the sandstone roof. The photograph in Plate
XIX-B shows the normal coal at the face of the seventh east
level just above the roll which has developed along this level.

The structure of the faulted section of No. 5 mine indicates
that a roll of considerable extent was developed in this area,
and in the process of development was pushed beyond its elastic
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.mit near the center of the dome, and an overturned or recum-
yent fold and an overthrust fault resulted, the lateral ends of
-he fault showing zero displacement.

Whenever studied in the Roslyn seam the coal and soft shale
show a regular laminated or flow structure following the small
variations and rolls in the harder enclosing strata in the area
of disturbance. It would thus appear that the coal had been
squeezed or forced out by the movement of the top and bottom
rock in coming together when the coal was in a more or less
plastic condition and could move or flow without shearing or
crushing. There is no evidence that silting or erosion caused
the variations in the thickness of the seam. With a homo-
geneous sandy shale bottom, and a variable shale cap rock over-
lain by a hard, firm sandstone, we should expect movements to
be recorded in the yielding of the softer shale material to the
hard sandstone and this is borne out by the examples cited.

In addition to the changes in the thickness of the seam at
these various points, the irregularities in strike and dip causing
the domes and saucers are further evidences of movement with-
in the great mass of sediments. These topographic expressions
point to a gentle, slow, differential movement, for we find no
great faults or breaks except the one described. Were the
movement severe and rapid and were the sediments in an ad-
vanced stage of change we should find conditions resembling
those in the coal fields of western Washington where the seams
dip at high angles and are extensively faulted.

These local disturbances are responsible for much concern
on the part of the operating officials of the mines, but they are
not of such magnitude or complexity as to prevent immediate
solution. The fact that small stringers of coal are usually
present and that the bottom is usually regular make it possible
to follow the coal to the points where it returns to normal width.
Increasing or excessive thickness of coal indicates the presence
of nearby thin coal. No regularity in the system of these domes
and depressions has been noted, but in some cases the general
shape and direction can be foretold and advance or narrow
work can be planned more intelligently.
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A. No. 5 Mine, N. W. I. Co. Detail View Similar to Plate XVIII Show-
ing Change in Thickness of Coal and Roll in the Bottom
Rock on 6th Level, West.

B. No. 5 Mine, N. W. I. Co. Coal at Face of 7th Level, East,
Just Above the Roll.
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A. No. 5 Mine, N. W. I. Co. Overthrust Fold on Airway Near 5th
Level, East.

B. No. 5 Mine, N. W. I. Co. Lower Limb of the Overthrust Fold on
Airway Near 5th Level, East, Below the Fault Plane.
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SECTIONS AND DESCRIPTION OF COALS IN THE ROSLYN-CLEALUM
FIELD.

During the summer of 1909 E. Eggleston Smith of the
United States Geological Survey, in co-operation with the State
Geological Survey, made cross sections and took samples in the
Roslyn-Clealum field and the following descriptions and sections
of the samples are taken from his report.* The blue numbers
on the large Roslyn field map (Plate II) indicate the location in
the mine where the sections and samples were taken.

Western End of the Field.
BEEKMAN. PROSPECT.
Sample—Bituminous coal; analysis No. 9,404, page 192.

Location—Prospect; in Sec. 2, T. 20 N.,, R. 14 E.,, 1} miles north-
west of Beekman.

Coal bed—The bed strikes N. 55° E. and has a dip of 12° SE. It
underlies the other beds of the Roslyn field. It is too thin to be of
any commercial importance. The section was measured at the end of
a 25-foot drift on this bed.

SECTION OF COAL BED IN PROSPECT 13§ MILES NORTHWEST OF BEEKMAN
Analysis No. 9,404, page 192.

Laboratory NO. ....ccocvviiiiiiniiinnieninnnienann 9,404
Roof, hard shale. Ft. In.
Coal, B00d .....coiiiiiiiiiiiiiiii it 1 2%
F Y1 L N 0 23
Coal, goodt ....... e eereetee e raeaen, 0 2
Floor, soft shale. .
Thickness of bed...........covvvvviiiiiiiiiinenn, 1 73
Thickness of coal sampled...................... 1 2%

t Not included in sample.

Notes—The sample collected was somewhat weathered. The coal
should probably be classed as low grade bituminous.

BEEKMAN. LAKEDALE MINE.
Sample—Bituminous coal; analysis No. 9,405, page 192.

Mine—Lakedale; a water level mine in Sec. 2, T. 20 N,, R. 14 E,,
1 mile northwest of Beekman, on a spur of the Northern Pacific Rail-
way.

Coal bed—The bed worked in this mine strikes N. 80° E. and dips
10° SE. It is probably one of the beds underlying the Roslyn bed and
outcropping in a number of places farther east.

* Bulletin 474. U. S. Geological Survey, Coals of Washington, by E. Eggles-
ton Smith, pages 130 to 152.
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A. No. 5 Mine, N. W. 1. Co. Roslyn Seam Passing Under Main Slope
Below 6th Level East.

B. No. 5 Mine, N. W. I. Co. Detail Photograph Showing the Coal
: Squeezed Into Opening in Sandstone Roof Rock at Same
Point as Above.
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SEOTION OF COAL BED IN LAKEDALE MINE.

(Fig. 82)
Laboratory NO. «..veiviiiniereciisrscensssacesnennes 9,405
Roof, carbonaceous black shale. Ft. In.
Coal, bony near center 1 0
0 6}
0 6%
(V] 1
0 73
o 3
. 0 9%
Floor, hnrd brown shale.

Thickness Of Ded...........ocveruernrreeeeuennsn 3 7
Thickness of coal sampled...................... 3 3

t Not included in sample.

Sample 9,405 was taken 10 feet above the gangway, about 150
feet from the entrance.

Notes—Both the roof and the floor are firm and did not mix with
the coal. The coal does not weather while being transported to mar-
ket. The partings can be removed to some extent in mining. At the
bunker the coal was passed over bar screens and picked.

BEEKMAN. BEEKMAN MINE NO. 1.
Sample—Bituminous coal; analyses Nos. 9,411, 9,412, 9,413, 9,414,
9,415, 9,459, 550-D, 551-D, page 192.
Mine—Beekman; a slope mine at Beekman, 3 miles northwest of
Roslyn, on a spur of the Northern Pacific Railway, Sec. 12, T. 20 N,, R.
14 E., Roslyn Fuel Co. Mine No. 1.

Coal bed—Roslyn. Strikes N. 70° W. and dips 14° SW. in eastern
part of gangways, but near western end of gangway it strikes S. 75°
W. and dips 8° SE. The roof and floor are firm and although one or
two inches of the shale cap rock mixes with the coal it can be easily
separated from it in mining.

SECTIONS OF COAL BED IN THE BEEKMAN NO. 1 MINE AT BEEKMAN.' (FIG. 26.)

Beetfon .........ceiiiiiiiiiiiiiiii
Laboratory NO. ....ccovvvvvviiiinnnnennns
Root, shale

Shale, earbonaceous . .
gamlistone, sulphur band.. .
117

Foor, earbonaceous or sandy shal
ess of bed
Thickness of coal sampled............

t Not included in sample.



Ft. In.

0 8 Shale

1 1 Coal

0 1 Shale
1 43 Coal
0 2 Shale and coal

1 11} Coal

4 8

(a) Roslyn Fuel Co. Mine No. 1.
7th Level East at Room 33.

Ft. In.

2 10 Coal

0 3 Shale

1 11 Coal
T e

(¢) Roslyn Fuel Co. Mine No. 1.
9th Level East, Room 2.

Ft. In.

1 43 Coal

1 Shale and coal

3 Coal

1 Shale
33 Coal
4 Shale

43 Coal

= o000 + O

4 6

(e) Busy Bee Mining & Development Co.
Mine.

Ft. In.

2 33 Coal

0 2} Shale and coal

1 5 Coal

3 1

(b) Roslyn Fuel Co. Mine No. 1.
8th Level East, Room 13.

Ft. In.

0 4 Shale

2 23 Coal

0 1 Shale
0 3 Coal
0 3 Shale
0 23 Coal
0 3 Shale
1 2 Coal

3 113

(d) Roslyn Cascade Co. Mine No. 1.
Face of Main North Slope.

Ft. In.

1 1 Shale

2 3 Coal

0 4 Shale

2 6 Coal

4 %

(f) Roslyn Cascade Mine No. 2.
3rd Level East.

Fig. 26. SECTIONS OF ROSLYN BED AT WESTERN END OF FIELD.
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Section A (sample 9,411) was cut from west level 2 on gangway,
between rooms 26 and 27.

Section B (sample 9,412) was cut from east end of level 2.

Section C (sample 9,413) was cut from a point 150 feet beyond
room 21 on east level 3.

Section D (sample 9,414) was cut from west level 3 on gangway -
between rooms 17 and 18.

Section E (sample 9,415) was cut from foot of slope, about 250
feet below the fourth level gangway. )

A composite sample was made by mixing samples 9,411, 9,412,
9,413, 9,414 and 9,415 for an ultimate analysis, the results of which are
shown under laboratory number 9,459.

The bed was also measured and sampled at two other points in
1908 by K. M. Way, described as follows:

SECTIONS OF COAL BED IN BEEKMAN MINE AT BEEKMAN.

1S 717 )« A B
BIT:10703 11743 o 0 o N 551-D
Root, shale.

Coal
Shale, hard t

1No£ included in sample.

Notes—The coal was passed over bar screens with 7-inch and
11%-inch spaces. The oversize was picked and sold as lump coal, the
undersize being sold as steam coal.

RONALD. ROSYLN NO. 3 MINE.
Sample—Bituminous coal; analyses Nos. 9,428, 9,429, 9,430, 9,431,
9,432, 9,463, page 194.

Mine—Roslyn No. 3; an incline and slope mine in Sec. 7, T. 20 N,
R. 15 E, 11 miles west of Roslyn, on the Northern Pacific Railway.

Coal bed—Roslyn. In this case about 2 to 6 inches of capping
shale rock comes down after the coal is removed; floor firm.
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SECTIONS OF COAL BED IN ROSLYN NO. 3 MINE (FIG. 26).

Laboratory NO. ..c.covevieiiiieionenannns 9,429 9,428 9,430 9,432 9,431
Roof, shale. Ft. In. (Ft., In. (Ft. In. [Ft. In. |Ft. In
L7 ) 1 2 38 8
Sulphur band to 1 ]
08l ....iiiiiiiiinns 0 6 3
Coal, shaly, broken.. b U (R PR PO [
Shale (little sulphur) )
3 8
Shale ........cccoiviiiiiiiiiiniiiiinenn, i
3 8
Coal, bony 0 i
Y e o P N EE TR N ISR TR I [|

Floor, shale.

Thickness of bed....................0. 4 2 4 3 4 4| 4 1|5 2
Thickness of coal sampled............ 4 1 4 2 4 33| 4 3|5 1

t Not included in sample.

$ One-half included in sample.

Sample 9,428 was taken on the old fifth water level gangway west,
at the entrance to room 48.

Sample 9,429 was taken on the old sixth water-level gangway, be-
tween rooms 6 and 7, east of new slope 3.

Sample 9,432 was taken from the first level west, about 150 feet
from the gangway up room 3 of the fourth battery.

Sample 9,431 was taken from the face of room 12 of the third bat-
tery, on the first level west, 100 feet from the gangway. An addi-
tional 51% inches of coal occurs at the bottom of the bed in this part
of the mine.

Sample 9,430 was collected on the east side of manway between
the foot of the shaft and the third level, 150 feet up slope from the
base of the shaft.

A composite sample was made by mixing the face samples 9,428,
9,429, 9,430, 9,431 and 9,432 for an ultimate analysis, the results of
which are shown under laboratory No. 9,463.

Note—The partings that separated freely from the coal in the
mine and the rock that fell from the roof were thrown in the gob
when the cars were loaded. The coal was not picked at the bunk-
ers because it was clean enough for locomotive use.

Section A (sample 551-D) was cut from a rib 1,300 feet south-
west of the slope, on second level west.

Section B (sample 550-D) was cut from a point 1,000 feet south-
west of the slope.

Notes—The coal is considered a good coking and steam coal. In
1909 it was mined either at the bottom or near the center of the bed,
and was shot down with black powder. The tipple was provided with
shaking screens with 134-inch, and 3-inch holes separating the coal
into steam coal, special steam coal, and lump.

The shale and “sulphur” were picked from the coal in mining, but
large lumps were not broken to remove the impurities they contained.
The two men loading the cars at the tipple picked some of the shale
from the car during loading. Only a small proportion of the shale and
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“sulphur” passed through the screens into the steam coal. The capa-
city of the mine was 1,000 tons and the average output was 800 tons
per day. The output was expected to average 90 per cent from ad-
vance work. The coal was taken by the Northern Pacific Railroad
and by the Chicago, Milwaukee & St. Paul Railroad to Seattle. At Se-
attle the company owning the mine had bunkers with a capacity of
2,500 tons and capable of loading 500 tons per day into vessels.

For results of washing tests of this coal, see Bureau of Mines Bull.
5, pp. 32, 47.

ROSLYN. BUSY BEE MINE.

Sample—Bituminous coal; analysis No. 9,406, page 193.

Mine—Busy Bee; strip pit, 214 miles northwest of Roslyn.

Coal bed—Roslyn. The coal bed lies 6 feet below surface at the
place where the sample was taken. The cover was removed with
scraper.

SECTION OF COAL BED IN BUSY BEE MINE (FIG. 26).

Laboratory NO. ....oviieiieiiinennenenterecesennans 9,406
Root, shale. Ft.
Coal weathered t ..

Floor, shale
Thickness 0f Ded............ccccuevveerneenninnnn 4
Tickness of coal sampled....................... 3

LLLOOHOO
i I § 0O =t S = qg
L SWW a .

Notes—The lower 7 inches of the bed was not exposed. The coal
is like the Roslyn coal at other mines in the vicinity. The high heat-
ing value and low ash content probably result in part from the whole
thickness of the bed not being sampled. The coal was passed over bar
screens. The oversize was picked and sold as lump coal. The under-
size was sold as steam coal.

RONALD. PATRICK-MACKAY MINE NO. 1.

Sample—Bituminous coal; analyses Nos. 9,407, 9,416, 9,417, 9,418,
9,460, page 194.

Mine—Patrick-MacKay; a slope in Sec. 6, T. 20 N., R. 14 E., 215
miles northwest of Roslyn, on the Northern Pacific Railway. Roslyn-
Cascade Coal Co.

Coal bed—Roslyn. Strike N. 76° W. Dip 9° SW. The lower 2
inches of a three-foot layer of shale between the bed and the over-
lying massive sandstone breaks after the coal is removed and is thrown
into the gob. The rest of the shale forms a good roof. The floor is
firm and does not mix with the coal.
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SECTIONS OF COAL BED IN PATRICK-MACKAY MINE (FIG 26).

Laboratory NO. ...ovcuiiiiieniiieareteateesorsnesnsennneean 9,416 9,418 9,417
Roof, shale or sandstone. Ft. In. |[Ft. In. |[Ft. In.
....................................................... 1 2 1 3 (1 2

Sulphur band ........coviieiiiiiiiiiiiiieriiinieiiiennennn. [} ] 31| Trace
LY PP 1 3|1 1 3%
Sulphur band ........cccoeiiiiiiiiiiiiiiiiiiiiieiiiiiii i feiiiieaee Trace |.........
Shale, DONY ......ccciiiiiiiiiiiiiiiiieiareecenenrnenannnsn 1] E 3 PP [} 3
oal ...... 0 2] 0 3 ¢ 2
Shale . Jto 1 |10 1 (10 1
Coal ........... g1 B 1 10 1 5%

Floor, shale.

Thickness of bed.........cciviviiiiieruienieeneeeenennaannn 4 3| 4 63| 4 %
Thickness of coal sampled..........ccovvviinieerunenannnn 3 13| 4 5| 4 1y

t Not included in sample.

Sample 9,418 was taken on the gangway of the first water level
west, at the entrance to room No. 18.

Sample 9,416 was taken from the west side of the slope, 50 feet
above the entrance to the first water level east.

Sample 9,417 was taken at the end of the gangway on the first
water level east, about 1,000 feet from the rock tunnel to the main
slope.

A composite sample was made by mixing the face samples 9,416,
9,417, and 9,418 for an ultimate analysis, the results of which are
shown under laboratory No. 9,460.

SECTION OF LOWER COAL BED ON PATRICK-MACKAY PROPERTY, 1,300 FEET
NORTH OF CENTER OF SECTION 6. (SEE PLATE II).

Laboratory NO. ....ccovviiiiieiiniinerneniennenenns 9,407
Roof, shale. Ft. In.
Coal, bONYt ..coviiiiiiiiiiiii i 1 5%
8Sandstonet ........ccoiiiiiiiiiiiiiiiiiiiiieen o 13
[0 0 8
Shale, hardt ........c.cocviiiiiiiiiiiiiiiiie, 1] 3
) 1 5%
Blet it [ .
Shale, hardt .....covvvviiiiiniiniiininenncnnenss 0 2
........................................... o 9

Floor, shale.

Thickness of coal bed...............oovvivininee 4 113
Thickness of coal sampled...................... 2 13

t Not included in sample.

Central Part of the Field.
ROSLYN. ROSYLN NO. 2 SLOPE MINE.

Sample—Bituminous coal; analyses Nos. 9,433, 9,434, 9,435, 9,436,
9,464, page 195.

Mine—Roslyn No. 2 slope; a drift and slope mine in Sec. 20, T. 20
N., R. 15 E,, at Roslyn, on the Northern Pacific Railway.

Coal bed—Roslyn. The bed strikes N. 70° W., dips about 12° SW.
Three feet of shale above coal. Large fragments come off with coal.
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SECTIONS OF COAL BED IN ROSLYN NO. 2 SLOPE MINE AT ROSLYN (FIG 27).

Laboratory NO. ......ccviiiiiiieiiiiinieieniennns
Roof, shale. F
L0
Sulphur band mixed with coal..................
80'}' streaks of sulphur..................c.o.e
0T Y

Coal, streaks of sulphur
Shale, soft ..............

Floor, shale.
Thickness of bed.............covviiiiiiiininnn,
Thickness of coal sampled......................

t Not included in sample.

Sample 9,433 was taken on the fifth level west from slope 2, about
250 feet up from room 7 of the second block.

Sample 9,434 was taken on the sixth level west from slope 2, on
the side of the barrier pillar separating this mine from No. 3 mine, and
360 feet up the dip from the gangway.

Sample 9,435 was collected on the sixth level west from slope 2, on
the gangway between rooms 2 and 3.

Sample 9,436 was taken from the side of the slope between the
eighth and the tenth level west from shaft 4, and about 10 feet below
the air course below the eighth level.

A composite sample was made by mixing samples 9,433, 9,434,
9,435, and 9436. The results of an ultimate analysis of this sample
are shown under laboratory No. 9,464.

Note—The coal was not picked at the bunkers, because it was clean
enough for locomotive use.

ROSLYN. ROSLYN NO. 2 MINE.

Sample—Bituminous coal; analyses Nos. 2,457 (Washington No.
2) and 9,442, 9,443, 9,444, 9,468, 3,098, page 195.

Mine—Roslyn No. 2; an incline in Secs. 8 and 9, T. 20 N, R. 15 E,
at Roslyn, on the Northern Pacific Railway.

Coal bed—Roslyn. The lower 2 inches of the shale cap rock
breaks after the coal is removed and was thrown in the gob. The
remainder forms a good roof throughout most of the mine. The floor
of the bed is firm. The bed strikes N. 50° W. and dips about 12° SW.
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Ft. In.

roroa |

0 5 Softshale
cap-rock

2 43 Coal

0 3 Clay
0 2 Coal
0 1 Shale
1 6 Coal
4 2

Lo

(a) Roslyn No. 3 Mine.
3rd Level West.

Ft. In.

1 0 Shalecap-rock

]

0 Coal

0 63 Coal and clay

1 4 Coal

3 103

—————— —

(c) Roslyn No. 2 Dip Mine.
6th Level West, Room 6.

Ft. In.

1 0 Shale cap-rock

1 6 Coal

0 3 Parting
1 43 Ooal

3 13

Qe

(e) Roslyn No. 2 Dip Mine.
7th Level West, Room 168.

Fig. 27. SECTIONS OF ROSLYN BED IN CENTRAL PORTION OF THE FIELD.
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(f) Roslyn No. 4 Shatft Mine.
Face of Slope Below 14th Level.
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SECTION OF COAL BED IN ROSLYN NO. 2 MINE, AT ROSLYN. (FIG. 27).

Laboratory NO. .....ccoviiiiiiiiiiieniiiieainnnnnn 9,443 9,442 9,444 2,457
Ft. In. . . |F . .

Thickness of bed 43| 4
Thickness of coal sampled................... e 4 431 3 113

t Not included in sample.
$ One-half included in sample.

Sample 9,442 was taken from the eighth level, about 15 feet west
of the east rope slope.

Sample 9,443 was taken from the seventh level west on the gang-
way at the entrance to room 80.

Sample 9,444 was taken on the tenth level east, 756 feet beyond
room 43.

Sample 2,457 was collected from a point about 6,000 feet from the
entrance to the mine.

A composite sample was made by mixing the face samples 9,442,
9,443, and 9,444. The results of an ultimate analysis of this sample
are shown under laboratory No. 9,468. Analysis No. 3,098 was made
from a car sample of lump coal shipped for testing purposes.

Notes—The partings and impurities that separate readily from the
coal were not loaded in the mine. All the coal was used for locomo-
tives and did not need further picking at the tipple.

ROSLYN. ROSLYN NO. 4 MINE.
Sample—Bituminous coal; analysis No. 2,458 (Washington No. 2),
and analyses Nos. 9,437, 9,438, 9,465, page 197.
Mine—Roslyn No. 4; a shaft in Sec. 20, T. 20 N, R. 14 E,, at Ros-
lyn, on the Northern Pacific Railway.
Coal bed—Roslyn. The bed strikes N. 70° W. and dips about 15°
SW. Roof and floor as in neighboring mines.

SECTIONS OF COAL BED IN ROSLYN NO. 4 MINE AT ROSLYN (FIG 2

=1

).

Laboratory NO. ....vuviiiieririeiiieeeeiieerieeneenneennens 9,437 9,138 2,438
Root, shale. Ft. In. |[Ft. In. |[Ft. In.
Coal, streaks of SUlPDhUr...........ccvviiniiiiiennennnnenn 10 2% L.,

0
2 1 93
Floor, shale. |
Thickness Of bed...........coviiiiiiiiiiiiiiiiinininnennes 5 34| 5 T 4 103
Thickness of coal sampled..............ovvunveinininnennns 4 8 ' 4 10§ 4 6

t Not included in sample.
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Sample 9,438 was taken from the gangway of west level 11, near
the center of the second battery.

Sample 9,437 was taken from the gangway of east level 11, be-
tween rooms 3 and 4 of the second battery.

Sample 2,458 was taken from room 3 of the second battery on
west level 9, and about 2,000 feet from the base of the shaft.

A composite sample was made by mixing samples 9,438 and 9,437.
An ultimate analysis of this sample is shown under laboratory No.
9,465. '

Notes—The coal in the mine is under considerable pressure trom
the roof and was worked without shooting. The partings and impuri-
ties which separate readily from the coal were not loaded in the mine.
All the coal was used for locomotives and did not need further picking
at the tipple.

For results of producer-gas tests of this coal, see Bureau of Mines
Bull. 13, pp. 214, 276.

ROSYLN. ROSLYN NO. 6 MINE.
Sample—Bituminous coal; analyses Nos. 9,439, 9,440, 9,441, 9,466,
page 196.
Mine—Roslyn No. 6; a series of drift mines located in Sec. 16, T.
20 N., R. 156 E,, 3; mile northeast of Roslyn, on the Northern Pacific
Railway.
Coal bed—Roslyn. Roof and floor about as in neighboring mines.
The bed strikes N. 65° W. and dips 7° to 10° SW.

SECTIONS OF COAL BED IN ROSLYN NO. 6 MINE (FIG 28).

Laboratory NO. ....o.iiuiiiiueeierirnniieeesaasnssasenensensas 9,439 9,440 9,441
Roo(f), s{mle. F . |F .

o R LR RERERLNENERE
Thickness of bed.........covviiiiiiiiiiiiiiiiiiineienennes 4 63| 4 93| 4
Thickness of coal slm_pled;._. ............................. 4 43 4 63 4

+ Not included in sample.
1 One-half only sampled.

Sample 9,439 was taken from the stump pillar between rooms 1
and 2 on the seventh level.

Sample 9,441 was taken at the east end of the seventh level.

Sample 9,440 was taken from the east end of the fifth level.

A composite sample was made by mixing laboratory samples 9,439,
9,440, and 9,441 for an ultimate analysis, the results of which are shown
under laboratory No. 9,466.

Notes—The partings and impurities which separate readily from
the coal were not loaded in the mine. All of the coal was used for
locomotives and did not need further picking at the tipple.
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ROSLYN. A. & E. MINE.
Sample—Bituminous coal; analysis No. 9,402, page 196.
Mine—A. & E.; a drift and slope mine in Sec. 10, T. 20 N,, R. 15
E, 1 mile northeast of Roslyn.
Coal bed—Roslyn. Roof and ﬂoor about as in neighboring mines.
The bed strikes N. 70° W. and dips 11° SW.

SECTION OF COAL BED IN A. & E. MINE.

Laboratory NO. ......civiuiiieiirnieneiinninnrnenns
Roo& soft shale.

Floor, dark shale.
Thickness of bed 43
Thickness of coal sampled.............ccvvuvnnn. 4 33

t Not included in sample.

Notes—The partings, roof rock, and other impurities that could
be readily removed when the mine cars were loaded were thrown in
the gob. At the tipple the coal was passed over 3-inch bar screens.
The oversize was sold as lump and the undersize as steam coal.

The sample was taken 160 feet up the ninth room from the slope.

ROSLYN. ROSLYN NO. 5 MINE,

Sample—Bituminous coal; analyses Nos. 9,423, 9,424, 9,425, 9,426,
9,427, 9,462, page 197.

Mine—Roslyn No. 5; a slope mine in Sec. 22, T. 20 N, R. 15 E,,
Tl miles southeast of Roslyn, on a spur of the Northern Pacific Rail-
way.

Coal bed—Roslyn. Roof and floor about as in neighboring mines.
The bed strikes N. 45° W. and dips 20° to 30° SW.

SECTIONS OF COAL BED IN ROSLYN NO. 5 MINE (FIG. 28).

Laboratory No. ......coovvvniiiiniinnanes 9,423 9,424 9,425 9,426 9,427
Roof, shale and coal streak. Ft. In. |Ft. In. |Ft. In. |Ft. In. [Ft. In.
C L 1 2 8 1 1 1 3 1 2 2 63
A V]
1 1
0

onl ............... .......................................
Floor, sh

'l‘hlcknasofbed 4 9 5 8| 4 113| 4 83| 4 %
Thickness of coal sampled........... 4 83' 5 23 4 108" 4 7' 4 5

t Not included in sample.

Sample 9,427 was taken from the barrier pillar between No. 5
mine and the old No. 1 mine, and on the gangway of the first level
west of the No. 5 slope. A 3-inch parting of broken coal, clay, and
pyrite occurs in the center of the bed. This was not included in the
sample.
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Fig. 28. SECTTONS OF THE ROSLYN BED IN CENTRAL PORTION OF THE FIELD.
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Sample 9,423 was taken from the barrier pillar between mines
No. 5 and No. 7, about 10 feet above the second level gangway of mine
No. 5.

Sample 9,424 was taken on the third level west at the entrance to
room No. 50.

Sample 9,426 was taken on the third gangway east at entrance to
room 42.

Sample 9,425 was taken from the air course below the fourth level,
about 30 feet west from the slope.

A composite sample was made by mixing the five samples, 9,423,
9,424, 9,425, 9,426 and 9,427. An ultimate analysis of this sample is
shown under laboratory No. 9,462.

Notes—The partings and impurities that separated readily from
the coal were not loaded in the mine. All of the coal was used for
locomotives and did not need further picking at the tipple.

Eastern End of the Field.
CLEALUM. ROSLYN NO. 7 MINE.

Sample—Bituminous coal; analyses Nos. 9,419, 9,420, 9,421, 9,422, -
9,461, page 198.

Mine—Roslyn No. 7; a slope mine in Sec. 22, T. 20 N., R. 15 E., 14
mile northwest of Clealum, on a spur from the Northern Pacific Rail-
road. :

Coal bed—Roslyn. Roof and floor as described for other mines.
The bed strikes N. 656° W. and dips 20° to 30° SW.

SECTIONS OF COAL BED IN ROSLYN NO. 7 MINE (FIG 28).

Laboratory NO. ....ccvvevvniiiiiiiiiieiiennenennens 9,421 9,422 9,420 9,419
Root, shale. Ft. In. |Ft. . |Ft. In. |Ft. In.
0 4

L N
Sulphur band .
Coal ...
Shale ..

Coal . .
Shale .......... ...| t0 Y P

Floor, shale.
Thickness of bed............cooeiviiiiiinnnnnnn, 4

-
&
-
>
-
2
-k HOO. .
e

©0 wa
[

t Not included in sample.
$ One-half included in sample.

Sample 9,422 was taken on the gangway of west level 2, 6 feet up
room 40.

—4
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Sample 9,421 was taken on the gangway of east level 2, 15 feet
from the barrier between mine No. 7 and mine No. 1 at Clealum. A
parting of shale, “sulphur,” and coal occurs near the center of the bed.
In picking, about one-half of the coal in this parting would be thrown
away; hence in sampling only half the coal and the 14-inch band of
shale were included in the sample.

Sample 9,420 was taken in the air course below the gangway of
west level 4, about 800 feet west of the slope.

Sample 9,419 was taken on the gangway of east level 4, 330 feet
beyond the entrance to room 12.

A composite sample was made by mixing the face samples 9,419,
9,420, 9,421, and 9,422. The results of an ultimate analysis are shown
under laboratory No. 9,461.

Note—All of the coal was used for locomotives and did not need
picking at the tipple.

CLEALUM. SUMMIT MINE.
Sample—Bituminous coal; analysis No. 9,403, page 199.

Mine—Summit; an incline in Sec. 14, T. 20 N., R. 15 E,, 1 mile
north of Clealum.

Coal bed—Roslyn. The bed dips 11° SW. and strikes N. 75° W.

SECTION OF COAL BED IN SUMMIT MINE (FIG. 29).

Laboratory NO. ......cooiiiiieiinrnisessncensncnnns 9,403
Root, slhale with streaks of coal. Ft. Ilsla.
3

2
%

Floor, shale.

fckness Of bed.........c.covvvviiiiiiiiiiininnes 4 6
Thickness of coal sampled...................... 4 5

t Not included in sample.

The sample was taken 50 feet down the slant from the new tun-
nel and about 40 feet below the surface.

Note—At the bunker the coal was passed over 2-inch bar screens.
the oversize being picked and marketed as lump coal, and the undersize
being sold as steam coal.

CLEALUM. CLE ELUM NO. 2 MINE.
Sample—Bituminous coal; analysis No. 9,472, page 199.
Mine—Cle Elum No. 2; 14 mile north of Clealum.

Coal bed—Roslyn. The bed is separated by about 3 feet of shale
cap rock from a massive layer of sandstone. Pieces of this shale vary-
ing up to a foot in thickness broke off after the coal was mined and
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. — Pt.In.
» Ft. In.
1 6 Shale cap-rock
— 1 2 Coal
0 5 Shale and coal 0 3 Shale
0 8} Ooal
0 3 Shale
2 5% Coal 0 6 Coal
0 6 Shaleand
bony coal
0 3 Partings
1 7% Coal
1 93 Coal TT
—— | e 4 11

(b) Clealum Mine No. 3 Extension.

Fa £ Incline.
(a) Summit Mine. ce of Inc]

Ft. In.
Ft. In.

0 6 Shale cap-rock

1 2% Coal
0 2 Shale 8 0 Coal
0 103 Coal
0 8 Shale and coal

0 % Shale
1 1 Coal o 1 Shale
TE 1 4 Coal

——— 4 11}

(¢) Clealum No. 1.
Face 5th Level East, Sec. 25. ‘
(d) Inland Improvement & Mining Co. Mine.
Sec. 24, T. 20 N., R. 15 E.

Fig. 29. SECTIONS OF ROSLYN BED IN EASTERN END OF THE FIELD.
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were thrown in the gob. They occasionally broke with the coal and
had to be separated before the mine cars were loaded. The floor is
firm. The bed dips about 14° SW. and strikes N. 55° W.

SECTION OF COAL BED IN CLE ELUM NO. 2 MINE (FIG. 29).

Laboratory NO. .....covvveiinienienieiinnnnsecnnnees 9,472
Roof, soft shale. Pt.
1

COBL «vveerrnerneernesretesrneeuneesteenneesnnns

oa
Shale and coal layers t. ..
L0 )
Floor, shale.
Thickness of bed..........coovvviiiiiniannnnnn 4
Thickness of coal sampled...................... 3

~Hooooo
—
LT R B

&""

+ Not included in sample.
Sample 9,472 was taken at the face of the gangway of east level 6.

Notes—Bony layers in the coal are difficult to separate. All of the
coal was used for locomotives and did not need further picking at the
tipple.

CLEALUM. CLE ELUM NO. 2 EXTENSION MINE.

Sample—Bituminous coal; analysis No. 9,409, page 199.

Mine—Cle Elum No. 2 Extension; an incline and drift mine 1
mile north of Clealum.

Coal bed—Roslyn bed. Roof and floor as in Cle Elum No. 2 mine.
The bed dips 9° S. and strikes N. 80° W.
SECTION OF COAL BED IN CLE ELUM NO. 2 EXTENSION MINE.

Laboratory NO. ..ocivieiiiieeinenreneneneennnnnnns 9,409
Roof, sllghtly carbonaceous shale. Ft. In.

oa 5
Floor, hard shale.
Thickness Of Ded...........oevueennenneennnnnn. 4 8
Thickness of coal sampled...................... 4

t Not included in sample.
1 One-half included in sample.

The sample was taken on the gangway of east level .8, about 50
feet from the rope slope.

Note—All of the coal was used for locomotives and did not need
picking at the tipple.
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CLEALUM. CLE ELUM NO. 3 EXTENSION MINE.
Sample—Bituminous coal; analysis No. 9,408, page 199.
Mine—Cle Elum No. 3 Extension; an incline and drift mine in
Sec. 23, T. 20 N, R. 15 E., 1 mile north of Clealum.
Coal bed—Roslyn. The bed, roof and floor are as in No. 2 mine.
The bed dips about 9° S. and strikes N. 70° W.

SECTION OF COAL BED IN CLE ELUM NO. 3 EXTENSION MINE (FIG. 29).

Laboratory NO. ....coiviieiiieniienieennieiienannes 9,408
Roo(f), slhale. Ft.

4
1
23

Floor shale
Thickness Of Ded...........cueueeeeeeeenenenanns 0 43
Thickness of coal sampled...................... 4 4

t Not included in sample.

The sample was taken just below level 6, from the air course which
parallels the incline.

Note—All of the coal was used for locomotives and did not need
picking at the tipple. .

CLEALUM. CLE ELUM NO. 1 MINE.
Sample—Bituminous coal; analyses Nos. 9,445, 9,446, 9,447, 9,467,
page 199.
\ Mine—Cle Elum No. 1; shaft mine in Sec. 26, T. 20 N.,.R. 15 E,,
: at Clealum, on the Northern Pacific Railroad.
i Coal bed—Roslyn. The bed is separated by about 3 feet of shale
from a massive layer of sandstone. Pieces of shale broke after the
‘ coal was mined and were thrown in the gob. The shale occasionally
| broke with the coal and had to be separated in loading mine cars. The
i floor was firm and did not mix with the coal. The bed strikes N. 65°
W. and dips 24° SW. in the west end of the workings and strikes N.
55° W. and dips 31° SW. in the east end of the workings.

SECTIONS OF COAL BED IN CLE ELUM NO. 1 MINE AT CLE ELUM (FIG. 29).

Laboratory NO. ......cviiiiniiiierinnneeinnieeierunsieenenns I 9,445 9,
Root, shale. Ft. In. |Ft.
C al 2 1
t0 to
.| 10 1
10 0
.| 10 ]
.| t0 to
J o 0
0 to
1 1
)]
0
1]
]
Floor, shale
Thickness Of Ded........covvviiiiiiiiiiiiiiiiieiiiiiennns 4
Thickness of coal sampled...........ccovveiinniinniiinnens 4

t Not included in sample.
{ One-half included in sample.



104 Bulletin No. 9, Washington Geological Survey

still present. The total area underlaid by this bed would prob-
ably be less than one-half that of the Roslyn bed, or about 5,000
acres. The relations of the two beds are shown in the sections
on Plate II.

HISTORY OF DEVELOPMENT.

Coal was mined from this bed as early as 1895, and in 1903
a mine known as Brown’s Slope was opened on this seam in the
NW1, of the SEl} of Section 12, T. 20 N, R. 14 E. The
production as reported by the state mine inspector from 1903
to 1905 was 7,951 tons, but probably much more was mined at
that time. In the spring of 1911 the Roslyn Fuel Company
sunk a slope directly on the center line of section 12 to the
old Brown workings and began active operations on this seam
in what is known as Beekman or Roslyn Fuel Company mine
No. 2. (Figure 30.) Four sets of levels east and west have
been started from this slope and the reported production for
1911 was 11,906 tons. Up to 1914 the total production of this
mine, including the previous production, was 198,914 tons.

SECTIONS OF “BIG DIRTY” BED.

The sections of the “Big Dirty” show two distinct benches
of fairly good coal, separated by a narrow clay band, in the
lower part of the coal seam. Above these are bands of shale,
carbonaceous shale and bony coal solid enough to make a fairly
good roof above the workable coal. (Fig. 31.)

SECTIONS OF THE ‘“BIG DIRTY” BEEKMAN NO. 2.

Second First | Fourth
Level W.| Level W.| West
Roof, hard shale. Ft. In. [Ft. In. {Ft. In.
BONY COBL ...ttt ittt i, 0 103
Shale and bone.............coovvieiiniinn [
Soft shale and coa 0 5
Bony coal ......oiiiiiiiiiiiiiiiiii i 1 5
Shale and bone 1 6
Root of coal. .
2y Y O 2 9
Soft shale and clay [} 2%
08l ... e 1 6}
Bony coal 0 7
Floor, sandy shale.
Total thickness .........coviiiiieriiriierieiiiisicianieienns 6 4 6 10| 9 11
L0717 ) S 4 10 5 3' 4 11
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THE “BIG DIRTY” BED.
LOCATION AND EXTENT.

The second bed of any importance at present in this field is
known as the “Big Dirty” from the fact that the total thick-
ness of the bed is 15 to 19 feet and it contains only five to six
feet of workable coal located in the lower part of the seam. It
lies about 208 feet above the Roslyn bed (Fig. 2), and has
therefore been eroded in many sections where the Roslyn bed is

. ),2314.65
N\

- o —

+' (G‘ = fe Lasy ol
| 7 D] 3
&
+ l e \ i
e\
. g 0 7 ‘
8 Q. g \\

N

l"‘l.l4 \
X 2039.45

I 6-10-13

1 N

Fie. 30. Roslyn Fuel Company, Mine No. 2, Showing Workings on
the “Big Dirty” Coal Bed Above the Roslyn Bed.
(For Location See Plate II.)
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ANALYSIS.

Samples of this bed were not taken when the Roslyn field was
sampled by E. Eggleston Smith in 1909, but a sample of the
coal, including the partings in the lower five feet two inches of
the bed, reported by Mr. Jones, chief engineer of the Roslyn
Fuel Company, gave the following analysis as compared with
the Roslyn bed in Beekman No. 1.

Moisture| Volatile | Fixed Ash Sulphur |B. T.U.

Matter | Carbon
Beekman No. 2, *‘Big Dirty”.... 0.93 59.60 44.36 15.11 0.42 13,000
Beekman No. 1, Roslyn......... 1.6 39.2 49.2 10.0 0.42 13,480

The analysis shows a lower per cent of fixed carbon and
higher per cent of ash, therefore a lower heat value than the
coal from the Roslyn bed, but still a good bituminous coal well
adapted for domestic use.

COMPUTED PRODUCTION.

The northern outcrop line of this bed has not been definitely
worked out and mapped, and the amount of available coal is
therefore not worked out for each section. But from the map
and sections of Plate II it will be seen that the “Big Dirty” bed
will underly, in addition to section 12 where it is being worked,
parts of sections 18, 19, 17, 20, 21, 28, 27 and 26, aggregating
roughly about six sections, or 3,840 acres. Using 1,800 tons
per acre-foot for total weight of coal dipping 10° to 15° and a
recovery value of 60 per cent this seam should yield about 1,080
tons per acre-foot. There is then in this bed containing five feet
of good coal, about 5,040 tons per acre, or a reserve supply of
over 20,000,000 tons, of which only 198,914 tons have been
mined up to January 1st, 1914.

THE “LAKEDALE,” OR “WRIGHT” BED.
GENERAL STATEMENT.

Of the beds lying below the Roslyn the only one that has
been worked to any extent is a 4-foot bed known as the “Lake-
dale” or “Wright” bed, about 400 feet below the Roslyn. In



The Coal Fields of Kittitas County 107

Section 2, T. 20 N., R. 14 E., about one mile directly northwest
of the Beekman No. 1 mine two mines have been opened on this
bed or at least on what is thought to be the same bed. The
Wright mine is located at Lakedale on a spur of the Northern
Pacific Railroad, in the SE1/ of Section 2 and the Plant mine
one-fourth of a mile south of Lakedale, also in the SE1j of
Section 2.

WRIGHT MINE.

The Wright mine was opened in 1908 and worked for three
years, during which time about 8,650 tons of coal were shipped
from it. Work was discontinued until 1914, when a new com-
pany took over the property and began operations. From an
elevation of -2,450 feet a tunnel following the strike of the coal
bed as shown in Plate II was driven into the side hill about 800
feet. At intervals of 60 feet gangways were driven up the dip
and from rooms opened off these the coal was mined. The strike
of the bed varies from N. 40° E. to N. 70° E. and it dips from
10° to 15° SE.

PLANT MINE.

In 1910 Mr. Plant drove a slope on the outcrop of this same
ped farther south at an elevation of 2,328 feet for a distance of
60 feet and was just beginning to take out coal in 1913 when
the examination of the bed was made. The strike of the bed
at*this point is N. 85° E. and the dip 10° SE.

He also prospected near the railroad in Section 2, across
from the Wright mine, and found a bed which in this report we
have called Plant’s prospect, probably on the Lakedale bed as
indicated by its location and the section of it which we obtained
from Mr. Plant.
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Ft. In.
1 4 Coal, bony
Ft. In.
0 7 Carb. shale 1 0 Coal
0 5 Coal
0 2 Bone
0 7 Coal 0 63 Shale
0 2 Shale 0 6% Coal
0 1 Shale
1 2 Coal 1 5 Coal
0 9 Coal, bony 2 > ton
0 1 Softclay 3 7
¢ 5 Coal, bony
0 10 Shale (b) Wright Mine, Lakedale.
0 3 Carb. shale 160 Feet from Entrance.
6 9
St. N. 40° E. Dip 15° 8. E.
(a) Wright Mine, Lakedale.
3rd Gangway West.
Ft. In. Ft. In.
0 9 Coal 0 9 Coal and clay
0 % Clay
0 6 Coal 0 8% Clay
g g %llmle 0 9 Coal and clay
ay 0 2 Shale
0 33 Coal
g ? Schalle and coal
oa 1 1
0 1 Shale € Coa
1 1 Coal 0 4 Sandy shale
i i Shale and coal 1 5 Coal
5 11 -
St. N. 35° E. Dip 10° 8. E. 5 2
(c) Plant’s Mine. (@) Plants Prospect Near N. P. R. R.
2, T.20 N, R. 14 E. Sec. 2, T. 20 N., R. 14 E.

Ft. In.

3% Coal
1 Shale
3 Coal
%4 Shale
0 Coal

h‘il —_oooe

2
St. N.20° E. Dip 16° 8. E.
(e) Wright’s Prospect, N. W. of Lakedale.

v Fig. 32. SECTIONS OF COAL BEDS AT LAKEDALE.
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SECTIONS OF BEDS AT LAKEDALE (FIG. 32).
Sample 9,405. Analysis page 192.

No.1 No. 2 Plant’s
Wright | Wright | Plant’s | Pros-

Mine
150 Peet | 350 Feet | Foot of | by Mr.
from from Slope Plant
Entry Entry

[

Root, shale. Ft. In. |F

Qe

~

oowg
£

oot
©

Bone and coal...........cvuueennnn
Carb. shale
Floor, sandy shale.

7
L0 2 13| 3 6 3 4

The difference in thickness of the two sections from the
Wright mine is due to differences in amount of the carbonaceous
shale included above and below the coal benches. The similarity
of arrangement and thickness of the coal benches in the Wright
and Plant mines, together with their location and relations in
the field, indicates that these mines are on the same bed. Some
have thought that this was the Roslyn bed, but comparison of
the cross sections and analyses of the two beds will show that it
is a different bed, and unless a structural break exists between
this and Beekman mine No. 1 it lies below the Roslyn bed.

DESCRIPTION OF COAL.

A sample was taken from the Wright mine where section No.
2 was measured by E. E. Smith of the United States Geological
Survey. The analysis No. 9,405 will be found on page 192
Appendix C, and his description of the coal on page 83 of
this report. The bed contains two bony layers in the lower part
that cannot be readily separated from the coal and they are
therefore included in the sample. The high per cent of ash is
due to their presence. The coal is massive and breaks with a
cubical fracture closely resembling the coal at the western end
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of the Roslyn bed, but it runs considerably higher in moisture
and ash. (See tables in Appendix C.) If carefully picked and
washed this coal would be a marketable coal although lower in
heat values than the Roslyn coal.

EXTENT.

Considering an average of 3 feet 6 inches of workable coal
in this bed, it should yield about 3,780 tons per acre. The ex-
tent of this bed, however, has not been computed on account of
the lack of information regarding its relation to the bed out-
cropping along the Teanaway ridge, and the question whether
or not it continues unbroken through the total area of 26,000
acres lying inside the dotted line.

BED BELOW THE “LAKEDALE.”

A prospect tunnel or drift one-fourth of a mile northwest of
the Wright mine is driven 25 feet on a two-foot seam of coal
at an elevation of 2,400 feet. A section of the bed was made and
a sample taken (Analysis No. 9,404) but the coal was so badly
weathered that the analysis is probably higher in ash than a
fresh sample would be. The bed strikes N. 60° E. and dips 11°
SE., and as shown in Plate II and no doubt underlies the
Wright bed. It is too thin to be of any commercial importance
but gives the following section:

SECTION OF PROSPEOT NORTHWEST OF LAKEDALE (FIG. 32E).

Roof, shale. Ft. In.
Coal ..... 0 33
Shale 0 1
Qoal ..... 0 3
Shale ....cciiiiiiiiiiiiiii it eeaaeaa 1 3
L0 1 o
Shale (8TD.) ......ccvviiiiiiiiriieniennneinnaes 0 6

Floor, sandy shale.

Total thickness ...........c.eevevienreneiiennnnn 2 2
L1013 N 1 63

BEDS ON THE TEANAWAY SLOPE.
GENERAL STATEMENT. -

Numerous prospects have been opened on a 4 foot 6 inch
bed which outcrops along the Teanaway slope of the ridge north
of Roslyn, about 875 to 400 feet vertically below the Roslyn
bed. These extend in an irregular line through sections 35 and
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36 of T. 21 N, R. 14 E. and sections 6, 5, 4, 9, and 10, 14 and
13 of T. 20 N, R. 15 E. (Plate II.) In section 10 on the
Yakima-Roslyn Coal Co.’s property a slope was driven 184 feet
on this bed about four years ago. No further work, however,
was done and the coal from this seam will probably not be used
until the Roslyn bed is exhausted. Drill hole records in section
12, T. 20 N., R. 15 E. by the Roslyn Fuel Company and the
Busy Bee Mining Company show a section of the Roslyn forma-
tion from the Roslyn bed to the lower bed. These records vary
slightly in the measurements of the sediments and thickness of
coal but a comparison of the sections in Figure 8 will show the
relation between the sections at different points and will explain
the differences in measurements taken at points much farther
apart. The strike of the bed varies from N. 70° W. in section
6 to N. 50° W. in section 10, the dip remaining about
10° or 12° SW.

SECTIONS AND ANALYSES.

For comparison sections of the seam taken in different locali-
ties are grouped in the following table.

SEOTIONS OF BED ON TEANAWAY SLOPE (FIG. 83).

No.1 No. 2 No.3 No. 4
In Sec. 36, | In Sec. 6, In Sec. 6, In
iT.21N.,| T.20N., | T. 20 N., | Sec. 10,
“R.14E. |R.15E. | R.15E. T.20N,,
| By Mr. | By Mr. | Outerop | R. 15 E.

Jones McKay Tunnel *

Roof, shale. In. |Ft. In. (Ft. In. (Ft. In.
Coal, bony 2 1 2 1 2 1 23
Shal 1 0o 13| 0 1 [ 2

6| O 7 (1] 3| 0 2
3| 0 31l 0 3/ 0 1
3 1 3 2 0 0 9
2 0o 2 0 4 (1] 1
2 1 2 o 8 1 (1]
5 4 53| 4 7 3 5%
13 4 13 1%

Samples of the coal from prospects in sections 36 and 6 and
from the core of the Diamond drill hole No. 9 (Plate II) in
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Ft. In. Ft. In.

1 2 Carb. shale
1 2 Coal and coal

0 1 Clay 0 5 Shale and coal

1 10 Coal

2 0 Coal
0 2 Clay
1 2 Coal 0 4 Shale
—_— 0 8 Coal
4 5 [
4 5
. . . 1 E. St. N70°WDlp8°SW
(a) Outcrop in Sec. 36, T. 21 N., R. 1 o) Outcrop tn Bee 6 V'R 15 E.
Ft. In. Ft. In.
1 6 Shaleand 0 3 Clay
streaks of coal 0 10 Coal

0 5 Shale and coal

0 9 Coal, bony
0 1 Shale

)

6 Coal and bone

1 0 Coal, bony -
- 3 7

3 11

o . St. N. 50° W. Dip 8° 8. W.
St. N. 45° W. Dip 10° S. W. (d) Patrick Tunnel.
(¢) Tunnel, Sec. 10, T. 20 N., R. 15 E. . 28, T. N., R. 16

»

Fig. 33. SECTIONS OF COAL BED OUTCROPPING ON TEANAWAY SLOPE,
BELOW THE ROSLYN BED.

Section 12 have been taken and the analyses furnished by the
mine operators are as follows:

|
Moisture; Volatile| Fixed Ash Sulphur B.T.U.
Matter | Carbon

Section 36 ............ eesverssens l

2.08 36.29 43.83 19.88 ‘ 0.38 ’ 11,502
Drill Hole No. 9 oee 1.30 37.44 43.94 17.42 "o
Section 6 ............ teeenens veen 1.60 33.90 47.70 16.85 | 0.81 | 12,140

The coal occurs in two benches separated by a band of shale
of variable thickness up to five or six inches, the upper bench
containing a thin parting of shale or clay. The bony coal over-
lying the upper bench has been considered by some workable, but
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was not included in the samples. Judging from its appearance
it would probably run high in ash and if sold with the coal of
the lower benches would greatly decrease its value. It is pitch
black, massive, only slightly laminated, and breaks with irregu-
lar fracture. It runs higher in ash and sulphur and lower in
volatile matter and heat values than the Roslyn coal, but if
washed would be a good marketable coal. The moisture content
is low and it does not weather readily. The best coal in the
benches resembles the Roslyn coal and while not worked at pres-
ent, it no doubt will furnish a valuable reserve supply of coal
after the Roslyn bed is exhausted.

EXTENT AND ESTIMATED PRODUCTION.

The area underlaid by this bed is of course much greater
than that of either the Roslyn or “Big Dirty” beds and prob-
ably extends over 25,000 to 30,000 acres if the field is not broken
up on the south side of the fold. Taking an average of three
feet of workable coal this should yield about 8,240 tons per
acre, meaning a large reserve after the upper beds have been
worked out.

RELATION TO “LAKEDALE” OR “WRIGHT” BED.

Not enough information is available to say definitely at this
time that the “Wright” bed at Lakedale and the bed above de-
scribed are the same, but a comparison of the cross sections
while showing slight differences are very similar in arrangement
and thickness of the coal benches.

COMPARATIVE CROSS SECTIONS (FIGS. 32 AND 33).

Plant’s

Section 6 Wright | Pros-

Mine pect

' [

Rcof, shale. Ft. In. Ft. In. Ft. In.
Coal, bony 1 2 1 0 0 9
0 13 0 7 |0 8

0 7 0 53| 0 9

] 1 o0 2 0 2
1 3 0 7|1 7

(] 2 0 2 0 4

1 2 1 2 1 3
4 53 4 1 | 3 3
4 2.8 214 63
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As will be seen no greater differences exist than are apt to
be found in the same bed at different localities, but further work
on the western end of the field is necessary to either prove or
disprove that the beds are the same.

RELATION OF LOWER BEDS NORTHEAST OF CLEALUM.

The extent and relations of the underlying beds northeast
of Clealum are not so well known as in the northwestern part of
the field. Near the northwest corner of section 19, T. 20 N., R.
16 E. an old caved tunnel was found along with several old pros-
pect holes. The tunnel was driven 100 feet on a coal seam, and
coal had evidently been mined and hauled to Clealum but no sec-
tion or sample of the seam outcropping here was obtainable.

Farther east in the NW1/ of section 28, T. 20 N, R. 16 E.,
a tunnel 105 feet northwest through sandstone and shale cuts a
3 foot 6 inch coal seam, which it follows for 220 feet, almost
along the strike of the bed. This has been called the “Patrick”
bed or mine. It strikes N. 50° W. and dips 8° to the SW. and is
probably the same bed as that exposed in the outcrops in the
western end of the field. The section taken (Fig. 83) is some-
what different from that taken in section 6, and the outcrop is
much further back of the Roslyn outcrop line on account of the
topography of the country in this section. Very little if any
coal, except that taken out in driving the tunnel has been mined.

CROSS SECTION OF THE “PATRICK” BED, SECTION 28, T. 20 N., R. 16 E.
(325 Feet From Entrance). (Fig 83).

Root, shale. Ft. In.

Sott ClaY ....iiiiiiiiiiiiiiiiiii i 0 3

) N 0 10

Coal, bODY ...ovvviiiiiiiiiiiiiii i 2 6
Floor, shale.

Total thickness ............ccoviiiiieiiiinnenn. 3 7

L0707 Y 3 4

The lower bench of 2 feet 6 inches may correspond to the
two lower benches of the lower bed as measured in sections 10
and 6, including the shale parting. These benches in the other
sections (Pages 83 and 109 and Figs. 32 and 83) are 1 foot 3 to
5 inches cach, plus a 2-inch parting. The 10-inch bench here
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may correspond to the second bench or the upper bench, al-
though this bench is the best coal in the seam while the upper
bench in the other sections is bony.

The coal is black and massive with somewhat splintery frac-
ture and slightly bony throughout. It probably would run quite
high in ash, but if washed would make a fairly good coal.

To summarize the conditions in the Roslyn-Clealum field,
there are at least three beds of coal which are workable and if
the Wright bed should prove to be different from the bed in sec-
tions 36 and 6 a fourth bed that has already been proven. The
total area covered by the lower beds is about 26,000 acres, while
that covered by the uppermost bed is only about 5,000 acres,
possibly less. As shown by the ownership map and the produc-
tion tables, the Northwest Improvement Company owns the bulk
of the central part of the field and the smaller companies are
working along the outcrop of the Roslyn and the lower beds.
As long as the Roslyn bed continues to be a large producer the
other beds will not be worked extensively. As the Roslyn bed
is exhausted the beds already opened, and some of the other beds
lying between the “Big Dirty” and the Roslyn, may be worked.

THE TEANAWAY BASIN.
GENERAL DESCRIPTION OF THE ROSLYN FORMATION.

An examination of the Roslyn formation was made along the
different branches of the Teanaway River, from the Teanaway
basalt on the north to the junction of the Teanaway and Yakima
Rivers on the south, and up the small tributary valleys draining
the Teanaway side of the ridge between the Teanaway and Ros-
Iyn basins. (Plate I.) A fairly complete section was obtained
along the north fork, from about one mile north of Rye patch,
where the Roslyn formation lies conformably on the Teanaway
basalt, to the forks of the river. From this point on the river
flows more nearly along the strike of the beds and does not give
a very good cross section. The section was continued, however, -
up the small gullies, draining into the Teanaway from the south,
to the outcropping coal seams near the top of the ridge.
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A. Roslyn Formation Along the Teanaway River, Showing Typical
Low Dip and Uniformity.

B. Roslyn Formation Along the Teanaway River, Showing Fault,
Upthrow Side on the Right.
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The formation here is made up largely of massive yellow or
light grey arkosic sandstone grading into a coarse sandy shale
and numerous beds of fine grained yellow and dark gray shale
with thin beds of carbonaceous material. The sandstones occur
in thick, poorly assorted beds showing in many places strong
current or cross-bedding. In some of these beds, bands of small
pebbles were found but no large conglomerate beds were ob-
served. The stratification is not well marked in all cases, as the
formation gradually changes from a sandstone to a sandy shale
and then to a fine shale. The structure is very regular showing
only slight variations in northwest strike and dipping always
to the southwest from 5° to 20°. (Plate XXII A.) A few
rolls and small faults were observed in the formation and one of
these noted in section 14, T. 20 N., R. 16 E., is shown in Plate
XXII B.

COAL BEDS IN THE LOWER PART OF THE ROSLYN FORMATION.

The only carbonacecus beds in this section more than one
foot in thickness were found near the base of the series a short
distance above the Teanaway basalt north of Rye patch (Plate
I.) On one of these seams, known as the “Kilmore” seam, a
tunnel, now caved, was driven about 12 years ago. It contains
about two feet of a very bony low grade coal and except for
local use was never worked.

SECTION OF “KILMORE” SEAM. SECTION 5, T.21 N, R. 16 E.
Strike N. 45° W., Dip 10° S. W.

Roof, yellow shale. Ft. In.
Carbonaceous shale ..... .. 0 1
Yellow shale and clay.... oo 008
Bony brown coal.........c.ociiiiiiiiiiiiiiiinen 2 4

Floor, dark gray shale.

Total thickness ..........cc.ocoviiiiviniinnnnnn. 3 6
. 2 4

About one mile below this outcrop in section 8 a second seam
about 1 foot 6 inches thick had been prospected but the old cut
was so badly caved and covered that no section of the seam
could be obtained. Many small lenses and narrow bands of good
bright looking coal are present in the sandstone and shale banks
of the main stream. Some of these have been picked out and
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used locally, but the examination of the entire section along the
creek indicates the absence of coal of any commercial value in
the lower part of the Roslyn formation.

Several diamond drill holes were put down in 1907 by the
Chicago, Milwaukee & St. Paul Railway Company along the
valley, but the records of these were not obtainable. One of
these near the forks of the creek in the northeast quarter of sec-
tion 6, T. 20 N, R. 16 E., was drilled 1,900 feet. Another
along the middle fork in section 26, T. 21 N., R. 15 E. was sunk
900 feet, and a third was drilled in the northwest quarter of
section 14, T. 20 N., R. 16 E. along the main stream. Judg-
ing from the fact that no further prospecting was attempted,
the indications of coal must have been unsatisfactory. This is
also borne out by the absence of coal in the section obtained
along the Teanaway River from the base up to the outcrop of
the beds near the Roslyn bed.
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CHAPTER 1IV.
DETAILS OF THE MANASTASH FIELD.

GENERAL DESCRIPTION.
LOCATION AND EXTENT.

"The Manastash coal field is located in T. 18 N., R. 15 E.,
about 25 miles west of Ellensburg, the nearest shipping point
on the Northern Pacific and the Chicago, Milwaukee & St. Paul
railways. It lies along the south fork of the Manastash Creek,
a tributary of the Yakima River, flowing from the eastern slope
of the Cascade Mountains. The coal is found in the Manastash
formation, which is exposed at elevations varying from 4,500
to 5,000 feet over an area of about eight square miles, where the
north and south forks of the Manastash Creek have eroded the
overlying Taneum andesite and Yakima basalt.

HISTORY OF DEVELOPMENT.

According to reports from the oldest settlers in Kittitas
County, Mr. Isaiah Buchanan has been prospecting in this field
since 1871 or 1872. He had made a great number of open cuts,
and judging from the material on the old dumps round the open-
ings, exposed a number of carbonaceous beds, but most of them
are caved or filled in and the coal covered up. A few cuts and
short tunnels in sections 21, 22, 15 and 16 are still open, and coal
is shown at various points in these sections. Some of this coal
was taken to Ellensburg about 25 years ago and was used by
the blacksmiths there, but no active mining has been carried on
in this district. .

NATURE OF WORK DONE.

Owing to the irregular nature of the beds, the condition of

the cuts, and the absence of tunnels through the series, it was

~ impossible to get a cross section of the formation or that portion
of it containing coal, and in many cases satisfactory sections
of the coal beds themselves could not be obtained. Stadia trav-
erses were run from the section corners along the trails and
streams. From stations along the traverses all cuts, tunnels,
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and outcrops were tied in and definitely located by tape or
stadia. From the data thus obtained the map and sections in
Plate XXIII were worked out, and the numbers of the stations
are used in describing different localities.

DESCRIPTION OF THE MANASTASH FORMATION.

The Manastash formation exposed in this field is at least
1,900 feet thick, with the coal in the lower part of the section
studied. It consists of a series of conglomeratic sandstones
containing many white quartz pebbles, thick beds of yellow arko-
sic sandstone, thinner beds of shaly, laminated sandstone, beds
of light gray and almost white shale, with a number of carbona-
ceous shale and coal beds. Thin beds of white shale or clay rock
show presence of small volcanic glass fragments formed from
deposition of volcanic ash mixed with very fine clay silt. The
leaves found in gredt abundance in the laminated sandstones and
shales have been studied by Dr. Knowlton and, being similar to
the flora of the Clarno formation of the John Day basin, this
formation has been placed in the upper Eocene age, later than
the Roslyn formation.*

STRUCTURE.

The structure where the coal is exposed is a large anticline,
probably part of a still larger syncline (geosyncline) which in-
cludes also the Taneum field. On the upwarped portion are still
smaller folds with northwest and southeast axes. The south
fork of Manastash Creek cuts through one of these anticlinal
folds and the coal is exposed on both limbs of the anticline, the
rocks in sections 15, 16 and 22 dipping northeast into the hill,
those in section 21 and south of the creek in section 22 dipping
southwest. (Cross Sections, Plate XXIII.)

Along part of its southern border this formation rests un-
conformably on the eroded surface of Easton Schist and is over-
laid by andesite and basalt along its northern and eastern boun-
daries. Throughout the length of the field a large diabase dike,
with general northwest and southeast trend, cuts the formation

* Mount Stuart folio Number 106, United States Geological Survey.
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A. Prospect Tunnels in Section 22, Manastash Coal Field.

B. Open Cut in Coal on South Side of Manastash Creek in Section 22.
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north of the creek, and has caused considerable displaceiment and
crushing in this locality. Its presence would interfere with the
working of coal here and makes the value of the field prob-
lematical.

COAL IN THE'MANASTASH FIELD.
GENERAL STATEMENT.

As stated above, while much prospecting has been done in
sections 15, 16, 21 and 22 and the presence of a number of beds
of coal is indicated by coal and carbonaceous shale on the dumps
about the openings, only a few are in a condition for satisfactory
examination and study. There are no rock tunnels through the
series by means of which the beds exposed in different parts of
the field can be definitely correlated, and any attempt here made
to compare the beds is based on general structural relations and
similarities in the beds themselves. In the description of the
different beds the numbers of the survey stations will be used
to locate them, as indicated on the map. (Plate XXIII.)

SECTIONS AND RELATION OF COAL BEDS IN SECTION 22,

In the northeast quarter of section 22 on the steep side hill
near Mr. Buchanan’s cabin two sets of cuts and short tunnels
are opened on a series of three or four beds of coal. (Plate
XXIV A.) These openings are obout 200 feet in elevation
below the edge of the basalt covering the formation, or about
500 feet below the basalt measured across the series. The tun-
nels run into the hill, across the sedimentary series and are ar-
ranged as shown in Figure 84, one above the other. From
the beds exposed a small amount of coal has been taken for local
use, but little work has been done recently and the exposed sur-
face of the
coal is badly
weathered,
thus making
examina tion

and sampling
difficult. At Fic. 34. Tunnels in Manastash Field.
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Station 7, (Plate XXIII, map and section A) three beds are
exposed and a fourth is said to exist in the upper caved tunnel.
(Fig. 84.) The first, at Station 7b, or lowest of these, is a
12-foot bed of carbonaceous shale, with lenses and stringers of
good coal scattered through it, strike N. 23° W, dip 30° NE.
There is no bench of good coal in this bed as it appears at the
surface. The second bed at Station 7, exposed in the lower tunnel
is a 3 foot 6 inch bed composed largely of carbonaceous shale
and bony coal, strike N. 80° W., dip 82° NE. Both of these
beds have shale floor and roof and on digging into them are so
badly weathered and crushed that no detailed section or sample
can be taken.

At Station 7 the second tunnel runs in about 16 feet, to a
third bed of coal, and a slope of 10° or 15° is driven down on
the coal. The bottom was filled with water, but a good sample
and section was ebtained.

SECTION OF BED WHERE SAMPLE WAS TAKEN. STA. 7, NO. 2 (FIG. 35a).
Sample No. 13266. Analysis Page 200.

Roof, shale badly crushed. Ft. In.
Crushed bony co8l.........covviveiineeieranenns 0 8
Coal ..........cunuins e 06
Bone 0 1
Qoal ... 1 4
Bony coal o 3

Floor, conchoidal shale.
Total thickness ...........cocvviiiiiiiinininnnes 2 103

............................................. 2

The strike of the bed is N. 82° W. and dip is 83° NE.
About 10 feet west of the tunnel a fault cuts across this seam
running N. 50° E. and hading north, thus interfering with its
development. The analysis shows it to be a low grade bitumin-
ous coal, high in ash.

About 1,000 feet northwest of Station 7 another set of open-
ings exposes a series of beds as shown at stations 9a, 9b. The
short tunnels at 9b are arranged similarly to those at station 7

- (Fig. 84b), and the seams are numbered No. 1, No. 2, No. 3,
from bottom of series up. At station 9b No. 1 is a bed of car-
bonaceous shale with stringers of coal, surface exposure strike
N. 40° W., dip 55° NE. No detailed section or sample was
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taken. Bed No. 2, about 30 feet above No. 1 in the second tun-
nel is only 2 feet 4 inches thick, but contains 18 inches of good
coal. The strike is N. 85° W. and dip 60° NE. No sample was
taken of this bed.

STATION 9B NO. 2. MANASTASH (FIG. 35b).

Roof, dark gray shale. In.
Carbonaceous shale 5
Clay ...ovvvvvininnnnnnnn 2
L0 6
L] . 3

Floor, sandy shale.

Total thickness ..........ccoiviiiiiiiiiiiiinnan, 2 4
L0717 1 6

Bed No. 38, about 2 feet 10 inches thick lies 25 feet above No.
2 and is exposed in an open cut above the second tunnel. The
coal contained in this bed was badly crushed and weathered and
was too near the surface for collection of a gcod sample or even
a good section.

STATION 9B NO. 3. MANASTASH (FIG. 35c).

o)
s
—

Roof, yellow shale.
Carbonaceous shale ...........cooeviiiiiininnnn.
Shale .
Clay
Coal
Bony coal

Floor, gray shale.

Total thickness ..........ccoviiiiiieniieniann 2 10
L0757 1 1 10

An open cut at 9a, partly caved, showed a portion of same
bed as at 9b No. 1.

At stations 9c and 9d about 400 feet west of 9b, two beds
have been opened by means of two short tunnels, one above the
other, as at station 7. More coal has been taken from these beds
than from any others in this section, and the best lenses of this
coal are good hard bright coal, which stand up fairly well under
weather. The beds, or benches, are separated by about 7 feet
of shale (Fig. 34b), and contain altogether about 5 feet of
fairly good coal.
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1 Ft. In. Ft. In.
0 5 Carb. shale
¢ 8} Bone and coal 0 2 Clay
0 6 Coal 1 6 Ccal
0 1 Bone
1 7 Coal 0 3 Yellow clay
- 2 4
2 10}

St. N. 8° W. Dip 60° N. E.

St. N. 32° W. Dip 83° N. E. (b) Station 9b, Tunnel No. 2, Sec. 22.

(a) Station 7, Tunnel No. 2, Sec. 22,

Ft. In.
o 2 .
Pt. In. Carb. Shale
0 4 Carb. shale 0 6 Coal, bony
0 3 Clay 1 0 Softcoal
0 9 Coal
0 5 Hard shale 1 8 Coal
1 !
1 Coa 0 2 Carb. shale
2 10 3 6
St. N. 57° W. Dip 60° N. E. St. N. 85 E. Dip 49° N. W.
(c) Station 9b, Tunnel No. 3, Sec. 22. (d) Station 9c¢, Sec. 22.

Fig. 35. SECTIONS OF MANASTASH COAL SEAMS.

SECTIONS OF COAL BEDS AT STATIONS 9D AND 9C (FIGS. 36a AND 33d).
Analysis No. 13268 Page 200.

No.9d | No. 9%
,

Roof, dark gray shale. Ft. In. |Ft. In.
Carbonaceous shale .................... 1 0 6 0 2
Gray shale ..............ooovvunn PN 0 5 [.........
L0 Y 0 6
BONY COBL ..ottt ittt et et 1 0o 1 0
L0 - ) 12 1 8
Carbonaceous shale ........... ...ciiiiiiiiiiiiiiiiiiiiiiiii i 0 10 0 2

Floor, dark gray shale.

TOtal thiCkDeSS ........o «overirenteninnetine e aeeneeneneeneananns 3 10| 3 6
008l ..ot S J o2 2 3 2

The sample of 9c¢, including a cut across the 8 feet 2 inches
of coal is higher in fixed carbon, lower in ash, and about the
same in volatile matter and sulphur as the Roslyn bed and is
therefore a good bituminous coal. The questionable factor
would be the presence of the diabase dike already referred to
which, although it is not visible at the surface here, may cut
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across these beds below the surface, as indicated in Section B,
Plate I

The strike and dip of the beds at 9b and 9d are the same
and if projected would place the beds at 9d and 9c below the
beds at 9a and 9b, but the similarity of the beds would indicate
that 9d and 9c are the same as 9a and 9b. The bed at station 7
is very much like the 9b, No. 2 bed, and may be the same, al-
though the strike and dip varies considerably between these two
points. Further prospecting in the field is necessary to deter-
mine the relations and value of these beds.

Along the south bank of Manastash Creek near witness
quarter corner, on the east line of section 22, a coal bed 6
feet thick, badly crushed, but containing thick lenses of good
coal is exposed by the undercutting of the stream. (Plate
XXIV B.) This bed strikes N. 40° W. and dips 85° SW,, is
capped with laminated shaly sandstone full of fossil leaves and
has a conchoidal shale floor. It is cut by a fault trending N.
6° W. and hading NE 35° with apparent upward movement of
the coal on the southeast side of the fault plane.

All the observations made in this section of the field, south
of the river, show southerly dipping strata, thus indicating the
other side of the anticline shown by northerly dipping beds on
the north side of the creek. From the few coal beds exposed
here, however, no definite relation between them and those seen
on the north side could be determined.

SECTIONS AND RELATION OF COAL BEDS IN SECTION 16.

The other part of the field in which the cuts still remain
open and show the coal is located in the southeast quarter of
section 16, close to the line between 15 and 16 and also across
the line in section 15. The openings are on the side hill about
100 to 150 feet above the creek, and run in across the strike of
the formation which dips into the hill.

At station 8a there is a narrow cut on a bed about 6 feet
thick, composed largely of carbonaceous shale, but with a cen-
tral bench of coal and bony coal about 3 feet thick. Figure 36¢
shows a cross section of this seam, strike N. 70° W., dip 67°
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NE. About 200 feet northwest of 8a three beds of coal are ex-
posed in a short tunnel and open cut at 10a and 10b. The lower
bed exposed at mouth of cut is a 4-foot seam of carbonaceous
shale, with stringers of coal. About 28 feet above this, in an old
caved tunnel, is the second bed, 2 feet 10 inches thick with 1 foot
of good bright coal even where weathered, strike N. 60° W., dip
40° NE., with shale roof and floor. At 10b an open cut crosses
a 6-foot bed, which in cross section is similar to the bed at 8a.
(Fig. 86d.) Strike N. 45° W., dip 57° NE. At 10c is an old
caved tunnel from which Mr. Buchanan said the best coal was
obtained and shipped. At 10d a 81-foot tunnel ends at a 8 foot
9% inch seam of coal, containing about 2 feet of good coal, of
which a sample was taken, but no report obtained. The coal in
this bed was as good if not better than sample 13,268, analysis

page 200.
SEOTION OF BED AT STATION 10D (FIG. 36b).

Roof. Ft. In.
BODY €08l ....ivvniiiiiiiiiiiiiii i o 3
Shale ......coovvviiiiiinnnnnn 0 8
Carbonaceous shale 0 b
Coal ......oiiiiiiiiiiiiiine 0o 3
Bony coal ............. 0 5

) 1 5
Carbonaceous shale 0o 4

Floor, sandstone.

Total thickness ..........covvvvniieniennennnenns 3 9
) 2 43

About 80 feet below the bed 10d at the mouth of the tunnel
is a bed of carbonaceous shale and coal about 6 feet thick and
very similar to the bed exposed on the hill above at 8a. The
structural relations and similarity of the beds indicates that the
opening at 8a, 10b and 10d are on the same bed. In that case
the two seams at 10a are below this 6 foot seam, and the 8 foot
9% inch bed at 10d is above it, also the bed that was covered
in the caved tunnel at 10c, which may be the same as the 3 foot
9% inch bed at 10d. A cross section of the series on this sup-
position is shown in Figure 87.

A few open cuts between 10d and the center of section 16
shows the presence of carbonaceous material, probably the con-
tinuation of these same beds. Directly above these coal beds
and forming the summit of the ridge on which they outcrop is
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Ft. In. Ft. In.
0 6 Carb. shale
— 0 3 Coal
0 5 Shale 0 8 Shale
0 35 Ccaland bone
1 0 Coal, bony 0 3} Coal
0 5 Carb.shale
1 2 Coal
1 5 Coal
0 10 Carb. shale
o 0 4 Carb.shale
3 1 —_
- 3 9}
St. N. 60° W. Dip 60° N. E.
(a) Station 9d, Sec. 22. St. N. 55° W. Dip 70° N. E.
(b) Station 10d, Sec. 16.
Ft. In
0 2 (‘arIIJ. shale Ft.In.
0 3 Coal .
0 1 Clay 0 3 Coal, bony
0 13 Bone
1 9 Coal
1 7} Coal
0 2} Shale
0 6 Bone
0 10 Coal
0 2 Sandstone 0 10 Shale
0 11 Coal 0 3 Carb. shale
0 9 Shale
0 10 Shale 0 8 Carb. shale
1 0 Carb. shale 0 7 Coal
o 0 5 Carb. shale
G 23 6 o
St. N. 70° W. Dip 67° N. E. St. N. 45° W. Dip 57° N. E.
(c) Station 8a, Sec. 16. (d) Station 10b, Sec. 16.

Fig. 36. SECTIONS OF MANASTASH COAL SEAMS.

the large diabase dike, at this point about 60 feet wide, which
runs the whole length of the field. It is about 800 feet horizon-
tally from the coal beds and allowing an average dip of 60° for
the beds. The dike, if vertical, would cut them off at a depth
of 400 feet and greatly interfere with their development. (Plate
I, Section C.) The intrusion of the lava has also caused consid-
erable displacement and crushing of the formation as seen at
the surface.

GENERAL RELATIONS IN OTIHER I'ARTS OF THE FIELD.

The examination of the cuts in the other parts of this field
was very unsatisfactory, and with the exception of obtaining the
strike and dip, and thus some idea of the structure no definite
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information regarding amount of coal present was secured. A
number of cuts in section 15, along the small stream valley north
of the diabase ridge, indicated by presence of coal on the dumps
the occurrence of coal beds, and in a few cases where the struc-
ture was shown the strike was northwest and the dip northeast.
In section 21, south of the creek, there was also a large
number of old cuts. The dump in most cases was covered with
carbonaceous shale and broken up coal but no sections were ob-
tainable. A few measurements of the strike and dip showed
this part of the field to be on the other side of the anticline, and
no doubt the coal seams are the same as those found north of
the creek. Examination was also made of the formation in the
adjoining sections, but no coal was found in any of the cuts.

AREA AND POSSIBLE PRODUCTION.

The total area of sedimentary measures exposed which might
possibly contain coal is about 5,400 acres, of which about 300
acres in the southeastern portion are known to contain coal.
The beds, however, are thin and are probably cut and badly
broken by the diabase dikes. Assuming an average dip of 60°
and an aggregate thickness of 10 feet of coal, the yield would
be in the neighborhood of 15,000 or 20,000 tons per acre, if the
beds were continuous. At present the haul to any shipping
point is prohibitive, and the coal in this field will not be avail-
able until conditions are such as to warrant the building of a
railroad through this district, probably up the Naches valley
from Yakima or up the Manastash valley from Ellensburg.

On the north fork of Manastash Creek, about 100 feet from
the north line of the northeast quarter of the northwest quarter
of section 14, T. 18 N., R. 15 E., the North Manastash Coal
Company are prospecting a coal bed reported to be four feet
six inches wide. The bed here strikes N. 62° W. and dips
15° SW., and this is probably the southward pitching limb of
a syncline of which the formation in section 22 is the northward
pitching limb.

—5



CHAPTER V.

DETAILS OF THE TANEUM FIELD.
GENERAL STATEMENT.

The Taneum field, located in township 19 north, ranges 15
and 16 east, includes three distinct sections where Taneum Creek
has cut through the overlying igneous rock and exposed the
coal-bearing formation beneath. Of these only one is being
worked at present. This we have called the lower Taneum field
as it lies along the lower part of Taneum valley. The others
are spoken of as the upper Taneum or north and south fork
fields, where a number of prospects have been opened on the
formation laid bare by these two branches of Taneum Creek.
(Plate 1.)

LOWER TANEUM FIELD.
LOCATION AND EXTENT.

The lower Taneum coal field is located in the south central
part of T. 19 N., R. 16 E., along the Taneum valley, about ten
miles west of Thorp, the nearest shipping point on the Chicago,
Milwaukee & St. Paul and the Northern Pacific railways. The
Taneum Creek has at this point cut a deep canyon in the over-
lying basalt, and exposed what is thought to be the Manastash
formation, containing several coal beds, at elevations ranging
from 2,200 to 2,500 feet over an area of about 800 or 900 acres.
(Plate 1.) The coal basin lies about 600 feet above Thorp,
from which point a good road of fairly easy grade runs through
the valley. If the coal proves worth while, a branch railroad
could easily be built Up the valley along the river flat. (Plate
VL)

HISTORY AND DEVELOPMENT.

Mr. Joseph Wilson, prospecting on his homestead in the
southwest quarter of the northeast quarter of section 33 found
several coal seams outcropping on the steep slope south of the
creek. A number of short prospect tunnels or drifts were driven
on these beds, and one of them proved to be about 14 feet thick
and contained enough coal to make further prospecting seem
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worth while. In 1905 work was started on this bed and by work-
ing mainly in the coal, more or less has been mined each year for
use by the ranchers in Kittitas valley (Fig. 38), who usu-
ally haul it by team directly from the mine at a cost of $3.00
per ton. The Chicago, Milwaukee & St. Paul Railway Com-
pany leased the property during 1909 and 1910, had charge of
the mine and drilled several test holes along the valley above and
below this property. Apparently their findings were not very
satisfactory, for they ceased operations here, and the property
has been worked by smaller companies since that time.

A stadia traverse tied to section and quarter section corners
was run along the road through the section, and the various pros-
pects, tunnels, outcrops and stream crossings were tied to sta-
tions on this traverse. From data obtained the map, Figure 37,
was drawn and the location of the area as shown in Plate I was
determined.

DESCRIPTION OF FORMATION.

The formation in which the coal is found is called the Manas-
tash formation because of its similarity and relation to the for-
mation farther south along the Manastash Creek.* It consists
of coarse conglomeratic sandstones, arkosic sandstones, and
shales with abundant leaf remains, unlike those found in the
Roslyn formation and similar to those found along Manastash
Creek. Thin beds of a fine grained white shale containing vol-
canic glass fragments are interbedded with the other sediments
as in the Manastash formation. It is therefore inferred that
these beds were laid down in the same lake basin as those exposed
on the upper Taneum and on Manastash Creek.

STRUCTURE.

Reference to the map (Fig. 87), will show that a slight up-
warping or anticlinal folding of the formation has caused the
river in eroding its canyon to expose this small area of the under-
lying sediments for several miles along its course. The basin
thus eroded is entirely surrounded by basalt, in some places in

* For fuller description of Manastash formation see page 120 of this report.
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the form of high steep cliffs due to landslides caused by the
weathering of the underlying softer rock. In no part of the
basin was the rock underlying the sediment exposed, and the
thickness of the formation could not therefore be ascertained,
but the sandstone was found at elevations of 2,780 feet and a
well drilled from an elevation of 2,300 feet to a depth of 660
feet was still in the Manastash formation, thus indicating a
vertical depth of 1,140 feet of sediments. The dip of the beds
varies from 10° to 40°, but where the drill hole is located (Fig.
87) is less than 80°, so the known thickness of the formation
here would be about 1,000 feet.

WILSON MINE.
General Description.

The only coal bed that is being worked in this field outcrops
on the side hill, south of the creek at an elevation of 2,355 feet,
about 75 feet above the -valley floor. The mine is located in the

Fi1c. 38. Bunker at Wilson Mine, Lower Taneum Valley.
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southwest quarter of the northeast quarter of section 33, and
consists of a series of tunnels driven on the coal about 600 feet
into the hill. On account of the irregular character of the coal
bed and the fact that several different companies have been
prospecting in the mine, the system of tunneling as shown on
the mine map (Fig. 39), is decidedly irregular. Work was be-
gun in 1905 by Mr. Wilson who tunneled into the hill directly
on the coal, timbering the tunnel only through the loose surface
material. Under the direction of the Chicago, Milwaukee & St.
Paul Railway Company a second set of tunnels was started to
the left and a series of side tunnels or rooms were opened up.
The Northwest Coal Company, of North Yakima, next leased the
property and continued the work started by Mr. Wilson. In
1912 they subleased the property to the Hawkins, Murray &
Williams Coal Company, and an engineer was put in charge of
the workings, with the result that a systematic method of work-
ing is now being followed. A rock tunnel was cut through to

the coal and the old tunnel is now used as the return air course.
New bunkers were built and active operations to ship coal was

begun. The workings were developed as far as shown on the
mine map (Fig. 89) in September, 1913.

Serious difficulty has so far been encountered in working the
coal to the best advantage on account of the great variation in
quality and quantity of coal present, and the faulting and roll-
ing of the bed itself. The strike varies considerably, but is gen-
erally northwest and southeast and the dip varies from 10° to
20° generally in a northeasterly direction. The bed is badly
broken and several faults have already been encountered which
have interfered with the development. (Fig. 89.) One of these
running northwest and southeast across the tunnel south from
station marked E1-2356.6 caused the opening of two other
branches from this point. In the western branch the same fault
has caused difficulty, and in the eastern branch a roll at station
EI1-2358.1 caused an incline to be started to follow the coal, and
this soon filled with water. Two tunnels branching from this
point passed over the roll and striking the coal beyond, followed
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Fic. 39. Mine workings at Wilson Mine, Section 33, T. 19 N.,
R. 16 E,, Taneum Creek.
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it as shown on the map. Two branches of the eastern tunnel
ended in a fault running northeast and southwest at station
2860.2 and the western one also found a roll where the second
incline is marked near station 2856.6. Further prospecting
either by tunnels or drill holes is necessary to determine condi-
tion of coal at greater depth and the full extent of this bed.

Sections and Analyses of Coal.

Two sections were taken of this bed, the first near the end
of the present air course where the strike N. 50° E. and dip 20°
NW. are marked; the second a few feet from the fault plane
directly along the line of the present main tunnel. A compari-
son of these two sections will give some idea of the variation in
the bed at different points.

CROSS SECTIONS OF COAL BED AT WILSON MINE.
Analysis 13269, Page 200. Graphic Oross Sections Fig. 40.

No.1 No. 2

Roof, shale badly broken. Pt
Oarbonaceots 8hale .........ccoceeiieiiieniiniienierccreaiessncecens 1
008l (JeNBE8) ........cuvereiiruseerrsenesesscresesressonssascsssnsnnas g

R
]

-
B
lnd
EETTN)

Oarbonaceous shale .........
Coal bony and crushed
Carbonaceous shale .........
Hard brown shale......
Carbonaceous shale ......

Carbonaceous shale .........
€08l ...iiiiiiiiiiiiiiiiie e

The sample No. 13,269 for analysis was taken from the
bunker after the coal as mined had been picked over ready to sell.
Compared with the Roslyn coal it runs higher in volatile matter,
higher in ash, and lower in fixed carbon and heat values, and is
therefore classed as a lower grade coal. The lenses of good coal
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Ft. In.
Ft. In.

1 3 Carb. shale
1 2 Carb. shale

2 Coal c
0 3 Coal
. shal
0 9 Carb.shale 0 6 Carb. shale
0 10 Coal
0 11 Carb. shale 1 6 Coal
0 9 Bone
1 9 Coaland 0 4 Carb.shale
carb. shale
1 10 Slate
0 8 Carb. shale
1 8 Coal 0 6 Coal
1 6 Carb.shale
and clay
5 0 Carb. shale
and coal 4 2 Coal and
carb. shale
12 10 12 6
No. 1 First East Gangway. No. 2 First West Gangway.

Fig. 40. SEOTIONS OF COAL BED AT WILSON MINE.
Section 33, T. 19 N., R. 16 E. Lower Taneum Creek.

in the bed would analyze much higher than the analysis given,
as shown in the following table:

ANALYSIS OF COAL FROM WILSON MINE.

Moisture| Volatile | Fixed Ash B.T.U.
Matter | Carbon

7.69 39.63 36.51 16.17 9,986
6.15 44.80 44.75 4.30 12,200

Relation to Other Beds.

From the outcrops and the character of the bed little can be
predicted regarding its extent and the amount of coal available
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from it. A drill hole about one-half mile northwest of the mine
(Fig. 87) cuts through two thick beds of dirty coal, but a churn
drill was used and the exact nature of the beds could not be de-
termined.

An 18-foot seam of coal and slate was cut at a depth of 298
to 816 feet, and a 15-foot seam of hard, bony coal and brown
shale at a depth of 455 to 470 feet. Between these two a third
seam of ten feet of coal and slate was found. The dip of the
rocks at the surface near the drill hole varies as at the mine, but
the direction is toward the drill hole from the mine, and the bed
at 298 feet has the same roof and floor as the bed at the mine.
On the other hand the bed cut at 455 feet corresponds more
closely in character to the mine coal and may be the same bed.
About one-eighth of a mile down stream from the mine an old
caved tunnel is reported to cut a coal bed dipping in the same
direction as at the mine. But farther down stream a carbona-
ceous seam is exposed on the south bank of the stream having a
strike N. 12° W. and dipping 62° to the northeast. If this lat-
ter is in place an anticlinal structure is indicated, and since this
dip swings round and is found in outcrops on the north side of
the creek this would seem to be the explanation of the exposure
in this field.

Up stream the formation was found as far as section 29
where it passed under the basalt. No indication of further coal
beds was found. Down stream the formation continues into
section 84 where it disappears under the basalt cover. But a
diamond drill hole near the southeast corner of section 35, at an
elevation of 2,100 feet, near the base of steep basalt cliffs (Plate
X A), cuts 1,100 feet of shale, sandstone and conglomerate
strata. Several parts of the record are missing but as reported
no coal was found in the series.

Extent and Production.

So far as we could determine the definite boundaries of the
field, the coal-bearing measures are exposed over an area of
about 800 acres. The limited development of the property makes
it difficult to determine the actual extent of the workable coal
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bed, but if the bed extends to the drill hole from the mine as in-
dicated a rough estimate would be about 85 acres in the north-
east quarter and 25 acres in the northwest quarter of section
83. Assuming from the sections measured about five feet of
usable coal at a dip of 20° there should be about 5,000 tons of
recoverable coal to the acre in this field. The field extending
over 60 acres should, if the coal is continuous as described, yield
about 800,000 tons. But as stated before, these figures are
simply estimates from observable conditions and are subject to
correction later.

UPPER TANEUM FIELD.

The upper Taneum field is located in T. 19 N., R. 15°E.,
where the north and south forks of Taneum Creek have eroded
the capping rock, and caused the sedimentary rocks to be ex-
posed over an area of about 1,800 acres, extending in a narrow
strip between and across the two valleys. (Plate 1) The
formation here is made up of sandstones, shales, and carbona-
ceous seams immediately overlying the Easton Schist, and dip-
ping southwest until it disappears under the Taneum andesite.

Stadia traverses were run from the forks of the creek along
the different streams but could not be definitely tied to section
corners, as the land survey was not completed. Locations
shown on the map were determined by running lines from the
section corners of the next township south. An examination of
the field was made to determine the extent and boundaries of the
possible coal-bearing formation, but no indications of coal were
found, except where the south and north forks have cut deep
valleys in the sedimentary rocks.

SOUTH FORK OR CAROTHER’S FIELD.

In the northeast quarter of scction 33 where the south fork
cuts the formation, the Carothers brothers in 1899 prospected
several beds which outcrop along the south bank of the stream.
(Plate V A.) Several short tunnels have been run into the side
hill and one of these at station 16b, 245 feet in length, cuts
three thin seams of a low grade coal. (Fig. 41.) The same beds
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are exposed in open cuts at stations 16c and 16d and in a 26-
foot tunnel at 16e. (Fig. 41.) Another bed containing about
18 inches of low grade coal lying above these is exposed in a 22-
foot tunnel at station 17b.

The whole formation in this field is badly squeezed and
crushed, and must have been subjected to an immense pressure
caused by folding or by the intruded and extruded lava masses.
The shale shows the effect in the broken masses and slickensided
surfaces, and the carbonaceous beds are in many cases in the
form of a thin leaf-like or powdery mass. Under these conditions
and due to the irregularity and thinness of the coal in the beds
no samples were taken. Cross sections of the different coal beds
are shown in Figure 42 and in the following tables:

CROSS SECTIONS OF BEDS AT 16B AND 160, CAROTHERS FIELD.

No. 16b
Tunnel | No. 16¢
No.1 | Surface
See Fig.—|See Fig.—

Roof, shale.
Oarbonaceous shale
Bone and coal..........
Coal ......oevviininnnn
Bony coal ..........
Carbonaceous shale
Bony coal ..........
Carbonaceous shale

Total thickness ........ccoiieiieiiiieiieriieriieriiernieenseenasanees 2 8 3 10
L0 PN 2 0 1
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Ft. In.

0 4 Carb. shale
0 2 Bone

0 8 Coal

0 2 Bone

1 0 Coal

0 4 Clay
28

(a) Station 16b, East Gangway.
St. N. 0° W. Dip 43° S. W.

Ft. In.

0 10 Carb. shale

1 7 Coal, bony
2 Carb. shale

0
0 13 Coal

0 113 Carb. shale
0

2 Yellow mud

3 10

(c) Station 16¢, Outerop.
St. E. & W. Dip 48° 8.

Ft. In.

0 10 Carb. shale
0 3 Bone
1 23 Coal

0 23 Shale

0 2 Bone

0 5 Carb. shale
3

1

(e) Station 16e, Tunnel.
St. N.78° W. Dip 47° 8. W.

Ft. In.

10

oo -~

4
2
10
| ——

3 4

Carb. shale

2 Clay

Coal, bony
Carb. shale
Coal, bony

(b) Station 16b, West Gangway.

St. N. 70° W. Dip 35° S. W..

Ft. In.

=
=]

S ©Q
(s

0 3
o 3

4 1

Carb. shale

Bone
Carb. shale

Coal
Coal, bony

Coal
Carb. shale

(d) Statjon 16d, Outcrop.

2 0

(f) Station 17b, Tunnel.
St. N. 40° W. Dip 65° S. W.

Fig. 42. SECTIONS OF.COAL SEAMS, CAROTHERS FIELD, UPPER TANEUM
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CROSS SECTIONS OF BEDS IN 16B NO. 2, 16D and 160, CAROTHERS FIELD.
See Also Fig. 42.

(Tunnel)| No. 16d | No. 16e
No.2 | Surface | Tunnel

Rooft, Sand- Shale Shale
stone
Ft. In. |Ft. In. [Ft. In.
Carbonaceous 8hale ..........ccovvvuiiiiiiniiiereniienens 1 10 1 0 o 10
MI@ . euveeeienoaccsnrcntcnsostasenacsssetcnssirsasccssstnne o 2 0o 2 o 3
Carbonaceous shale 0 4
al ............ o 2
Bony coal ...... 1
al ....... [
Shale ..........ocoeeee

Carbonaceous shale
Bony coal .........coeueens
Carbonaceous shale

Floor, Shale Shale | Sand-
stone

Total thickness ........cioeerriiiiiereiisereneiienennsenss 3 4 4 1 3 2%
........................................................ 1 2|2 4|1 4

Since none of these beds have a workable bench of good coal
2 feet in thickness, they can hardly be considered commercial
seams under present conditions. No coal has been shipped from
them and no work is being done at present

In connection with this field an examination was made along
Frost Creek, where the sedimentary formation is exposed for
about 1,000 feet above the schist, and underlying the andesite.
No coal was found in these outcrops but some thin carbonaceous
beds were seen. (Fig. 43.)

Reports of coal in sections 2, 8 and 4 of T. 18 N,, R. 15 E.
were also received, ‘but on examination these sections proved
to be entirely covered with andesite and basaltic lavas, with great
thick beds of tuff containing fragments of volcanic glass. The
coal-bearing formation here must be buried beneath the lavas at
least 200 or 300 feet.

NORTH FORK FIELD.

Along the north fork of Taneum Creek Mr. Hooper has
prospected on both sides of the creek and has discovered several
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F16. 43. Showing General Relations of the Manastash Formation in
the Upper Taneum or Carothers Coal Field.

thin carbonaceous seams in the southwest quarter of section 20,
T. 19 N., R. 15 E. (Fig. 44.) A tunnel driven 70 feet into the
south bank of the stream cuts thick beds of badly faulted and
broken sandstone and shale, and a 2-foot bed of carbonaceous
shale with scattered lenses of good coal. The strike here is
northwest and the dip is southwest, the same as on the south
fork and on the ridge between the two. Several other cuts on
the south side and a number on the north side of the creek have
exposed seams of carbonaceous shale, but unless they change
considerably with depth and are less broken, none of them con-
tain enough coal to warrant even further prospecting.

The whole upper Taneum field is the exposed edge of a south-
west dipping series of rocks on the limb of the geosyncline al-
ready referred to in the description of the Manastash field. As
shown in the cross section (Plate I) it is probably continuous
with that field, but the portion containing the coal seams in the
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Carothers field lies at the base of the series close to the Easton
Schist, while the coal bearing part in the Manastash field is
higher up in the series.

F1c6. 44. Outcrops and Contacts Along the North Fork of Taneum
Creek in the Upper Taneum Coal Field.



CHAPTER VI

MISCELLANEOUS SMALLER FIELDS.
FIRST CREEK FIELD.

On First Creek, about two miles east of McCallum in the
south half of section 28, T. 21 N., R. 17 E. an old tunnel, now
badly caved, was driven on a 12-foot carbonaceous seam (Plate
XXV B) running N. 65° W. into the hill on the north side of
the creek. It pitches 75° to the southwest, and a shaft was sunk
to the same bed about 200 feet down stream. Coal was hauled
to Ellensburg from these workings about 1889 or 1890, but
they were abandoned as soon as the Roslyn field was opened up
and have not been worked since. A section of the bed could not
be obtained in the tunnel, but the following section was meas-
ured in an open cut above the tunnel.

SECTION OF BED ON LOWER FIRST CREEK. SEE FIG. 45.
Strike N. 66° W., Dip 75° 8. W.

Roof, gray shale. Ft.
Carbonaceous shale with narrow clay bands... 8
Coal slightly bony with thin clay partings..... 4
Gray shale ......coooiiviiiiiiieiiiiiiiieniaenes
COarbonaceous shale ...........c.covviiiniinnnnes 8

Floor, shale.

Total thickness ............ccoviiiiiiniinenannes 1 1n
L0 P 4 0

Farther up stream in the south half of section 30, T. 20 N.,
R. 18 E., where First Creek has cut a deep canyon into the soft
sandstone and shale, (Plate XV A) a tunnel driven 103 feet into
the south bank of the stream cuts a bed of carbonaceous mate-
rial about three feet thick. The coal contained is very low grade
and dirty and is not of commercial value.

SECTION OF BED IN UPPER FIRST CREEK.
Strike N. 60° W., Dip 68° 8. W.

Roof, pebbly sandstone. Ft. In.
Oarbonaceous 8hale ............ccvvvveniiniennns 1 8
Sandy shale o 4
Bony coal ............ 0 8
Oarbonaceous shale o 8

Floor, gray shale.
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A. Upper First Creek, Looking South Through Green Canyon, Showing
Location of Prospect in Center of Picture.

B. Old Tunnel on Coal in Lower First Creek Valley.



Ft. In.

4 0 Carb. shale,
stringers of
coal

0 1 Shale
0 9 Carb. shale
1 1 Shale

Ft. In.

1o
=

Carb. shale
and coal

9 Shale

=]

3 8 Carb.shale

16 Coal, bony
4 Sandy shale
8% Coal

(1]
0
0
0 5 Softclay

-

3 Coal, bony
N 0 4 Sandy shale

4+ 0 Coal, bony

2 10 Carb. shale
and coal

1 3 Shale Shale
Coal

Clay, soft

Carb. shale
and coal

oo
- ot

3 0 Carb. shale
and coal

3 5 Shale
1 11
St. N. 65° E. Dip 75° S. E.

Fig. 45. SECTION OF COAL SEAM ON

LOWER FIRST CREK.
2 4 Carb. shale

2 10 Shale

St. N. & 8. Dip 25° E.
Fig. 46. CROSS-SECTION OF SEAM AT
HEAD OF WILLIAM’'S CREEK.
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The formation exposed in this field lies between the Teanaway
basalt below and the Yakima basalt above, dips to the southwest
and is continuous with the larger area of Roslyn formation to
the west of it. (Plate I.) The area exposed is about 1,150
acres but so far as known there are no other prospects in the
field and probably no other coal seams occur in this part of the
formation.

WILLIAMS’ CREEK FIELD.

About five miles northeast of Meaghersville, in section 28,
T.21 N, R. 18 E., a small area of Roslyn formation outcrops in
the steep hills at the head of Williams’ Creek. This outcrop
extends about a mile along the cliffs, 2,500 feet above the valley
floor, in the form of a narrow band between the Teanaway basalt
below and the Yakima basalt above it. It contains a carbona-
ceous seam about 17 feet thick, which can be seen for some dis-
tance along the face of the cliffs about 75 feet above the columns
of the Teanaway basalt (Plate XXVI), and about 50 to 100
feet below the base of. the Yakima basalt cliffs, extending to the
summit of Table Mountain. (Plate 1.)

The formation dips toward the cast or into the hill about
25°, and two slopes about 500 feet apart have been driven on the
coal seam. One of the slopes is filled with water but from the
other the following section was obtained :

SECTION OF WILLIAMS CREEK COAL BED. (SEE FIG. 46).

Strike N. and S., Dip 25° E.
Roof, gray compact shale.
g’:r}:onuceous shale, stringers of coal.........
Y LN e

Shale ......

Yellow Clay .....oovviviiiiinniiinniennns
COarbonaceous shale ...........ccivvvniinenennns
Floor, yellow clay shale.

HQOQNQ'—‘QQOQQQ?
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A. Coal Bed at Head of William’s Creek, Immediately Above Basalt
Shown Below.

B. Teanaway Basalt at Head of William’s Creek Underlying the
Roslyn Formation Showing Typical Columnar Structure.
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A small amount of coal from these prospects has been used
locally at Liberty and Meaghersville, but the formation here is
-probably a small pocket, and even if the coal were of a higher
grade it would be of little commercial value.

NANEUM CREEK FIELD.

In the southwest quarter of section 10, T. 20 N., R. 19 E.,
about 20 miles north of Ellensburg, Mr. Pearson in 1909 dis-
covered a thin carbonaceous seam in a small pocket of what is
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Fie. 47. Showing Location of Prospect and General Relations in the
Naneum Creek Field, Sec. 10, T. 20 N., R. 19 E.
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apparently the Roslyn formation between the Teanaway and
the Yakima basalt. (Plate I.) He drove a prospect tunnel
into the hill east of Naneum Creek striking bed rock at 20 feet.
Passing through 15 feet of sandy shale he struck a carbonaceous
seam about 4 feet thick containing 1 foot 8 inches of soft dirty
coal, similar to that found in upper First Creek valley. The
tunnel was extended 25 feet beyond the coal seam, but no further
work has been done in this field, and little could be learned of the
extent of the coal-bearing measures.

SECTION OF NANEUM CREEK BED.
Strike N. 40° W., Dip 45° N. E.

Roof, shale. Ft. In.
Carbonaceous shale ..............ccovvvviennen 2 6
Bony COBl ..voviiiiiiiiiiiiiiiiiiiiii i 1 8

Floor, soft sandy shale.

Total thickness ..............ceeivvniiiiiennnnns 4 2

Examination of other outcrops in this field indicated a small
area of sedimentary rocks similar in position to the area at the
head of Williams’ Creek, but no definite boundaries could be fixed,
and further work on this field is necessary before stating full
extent and relations of the coal-bearing formation. The beds
exposed at present are of no commercial value.



CHAPTER VII.

MINING IN THE ROSLYN-CLEALUM FIELD,
BY JOSEPH DANIELS.

HISTORY.

In May, 1886, the Northern Pacific Railway sent a party
into the Roslyn District to prospect the field. The railroad at
this time extended to Ellensburg only, and it was necessary to
bring in prospecting machinery and supplies by team. Some
prospecting had been donc earlier by the Union Pacific Rail-
way; and some coal from the 12-foot seam overlying the
Roslyn had been mined by a local operator and hauled to Ellens-
burg for blacksmithing purposes. This party undertook sys-
tematic exploration, using a diamond drill at the Clealum end of
the field, and pick and shovel at Roslyn. Coal was first found in
August at the present No. 2 mine on the east side of the draw
at the location of the fan drift. Carpenters were sent out from
St. Paul, a saw mill was put up, and trestle and bunkers built to
handle the coal. The town was named Roslyn by Logan M.
Bullett, vice president of the coal company. '

No. 1 and No. 2 mines were opened on the east and west
sides of the draw above the town, the workings extending up the
dip. (Plate XXVIIL.) The main line of the railroad had been
built to Clealum and the Roslyn branch begun in the fall of
1886. The branch road was built by Chinese labor. In Decem-
ber the first car of coal was dumped over the tipple. The coal
was at first screened through bar screens spaced 114 inches
apart, and the undersize was used for ballast on the railroad
from Clealum, but this practice was soon stopped. The road
was extended west about a year later to a new mine, No. 3.

The Roslyn shaft was begun in 1893 and was sunk to coal,
650 feet, in 1894. Coal was shipped in December of that year
and production was maintained up to the time of the explosion
in 1909. Since that time no coal has been hoisted from No. 4
mine.
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A. Looking South Over Roslyn, Original Discovery of Coal in this
Draw. No. 2 Mine, N. W. I. Company.

B. Similar View from Opposite Side of Ravine, Showing General
Topographical Relations.
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The Clealum mines at this time had not been opened, and
the town of Clealum contained very little more than a sawmill
and a few houses. The mine was begun in 1894 by private indi-
viduals who sunk the Clealum shaft. Coal was shipped in Decem-
ber, 1894. About two years later the Northern Pacific acquired
control of this property and also of the present Clealum No. 2
and No. 3 mines, which were opened about 1903. At first it was
believed that the seam of coal at Clealum was not the same as
that opened at Roslyn, but later developments proved their con-
tinuity and identity.

No. 5 mine was started in 1903 by a slope from the outcrop
line, but the rock tunnel tapping the first level was not begun
until 1904, reaching the coal in 1905. No. 6 mine was opened
up in 1905, and No. 7 mine in 1907.

At the western end of the field, the Roslyn Fuel Company
opened its Beekman mine on the Roslyn bed in 1907, although
the property had been opened as early as 1895. The Roslyn-
Cascade Coal Company started to acquire rights in 1902 but
did not ship much coal until 1907. A number of smaller com-
panies operated at various times along the upper outcrop of the
Roslyn bed, but their operations have not been of major import-
ance. An upper bed lying 210 feet above the Roslyn, commonly
known as the “Big Dirty,” was early known and coal was hauled
to Ellensburg by wagon for blacksmithing purposes. This bed
was opened in 1908, but very little was done until 1911, when
the Roslyn Fuel Company opened a new mine, Beekman No. 2,
on this seam. This is now a regular shipping mine.

The “Lakedale” bed, so called, was opened in 1908-1909
and shipped about 9,000 tons of coal. The Roslyn branch was
extended to Lakedale, near Clealum Lake, in 1909. This prop-
erty was idle between 1911 and 1914. Plant’s mine, a prospect
south of the Lakedale property, has been developing since 1910.
Both these properties are on beds, or a bed, underlying the Ros-
lyn at a distance of 300-400 feet. Prospecting carried on in the
Teanaway basin just north of the divide between the Roslyn
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A. Clealum, Looking Southeast Across the Yakima Valley.

B. Clealum, Looking Southwest Across the Yakima Valley, Clealum
Mine in the Foreground.



The Coal Fields of Kittitas County 157

and the Teanaway basins has opened this unnamed bed at a
number of places, but as yet no mining is carried on.

In the early days of mining in this field, the mine workers
were largely English-speaking races. Men came over the Sno-
qualmie trail from the west side of the Cascades to work in the
new field, and a considerable number were drawn from the coal
mines of Montana and the east. In 1888 labor troubles devel-
oped as a result of trying to introduce tonnage systems in place
of the day’s wage previously in use, and negroes were brought
in from the coal fields of the middle west. The introduction of
negro labor brought on intense race strife, but the black labor
held on and forms a part of the present working force. South
European labor entered the field about 1900 and now constitutes
the larger part of the mine workers.

The Roslyn field has easily been the greatest producer, giv-
ing Kittitas County first place among the coal mining counties
of the state. The following table shows the production of Kit-
titas County by years as reported by the state mine inspectors.

Year. Short Tons.
1887 -

1888 M i e e 230,548
1889

1890 (for quarter)...................... 150,000
1891 ... e e 331,444
1892 L. e e e 271,513
1893 i e 241,441
1894 ... ..., e, 232,282
1895 .. e i i 276,971
1896 ... i e 265,938
1897 L e e i 330,306
1898 L e e 564,274
1899 ..o i e 635,318
1900 ..o e e 867,204
1901 .. i 1,005,007
1902 .. e 1,252,454
1908 .. e e, 1,376,017
1904 ... e e 1,339,601
1905 ..o e, 1,279,636
1906 ... i it 1,425,998
1907 Lo e et 1,524,422

1908 ..o e 1,411,263
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Year. Short Tons.
1909 ...t it e s 1,550,500
1910 ... e i it 1,667,453
. 5 O 1,254,845
1012 .. i e e, 1,235,690
1918 L e it 1,330,596

Total. . .ooveniiniininneeneeeenennn 22,050,741

The statistics of production as reported to the U. S. Geologi-
cal Survey for its annual volume of ‘“Mineral Resources of the
United States” show a total production of 60,581,549 tons for
the entire state for the period 1860-1912. It will be seen that
the Roslyn field and the Roslyn bed, from which practically all
of the coal has come, has produced thirty per cent of the entire
output. (Appendix B.)

According to the “Mineral Resources” for 1912 Washing-
ton ranks eighteenth in production, contributing 0.6 per cent
of the total production, and ranks twelfth in value, contributing
1.2 per cent of the total value of the coal-producing states of
the Union.

STRUCTURE.

The structure of the Roslyn bed has admirably lent itself
to easy development and exploitation of the field. In the early
days of the camp, after coal had been discovered in some of the
draws or ravines in the hills making up the backbone of the ridge
between the Yakima River and the Teanaway (Plate XXVII),
prospecting for further outcrops was comparatively simple.
The timber growth is not so heavy as on the west slope of the
Cascades and there is no heavy mantle of glacial drift and forest
vegetation to hide the coal. Accurate tracing of the complete
crop line was not altogether possible, and some mistakes were
made. For example, the seam at Clealum was not believed to
be the same as that at Roslyn, but later investigation proved
their unity and mine development became simplified.

A study of the maps and sections will show that the outcrop
line along the north edge of the field varies in elevation from
3,750 feet north of Roslyn to 2,300 feet north of Jonesville and
Clealum at either end of the field. The hills, in which the coal
outcrops, have a maximum elevation of 8,300 feet north of Cle-
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A. Drift into Hillside Just Above Original Opening to Coal.
No. 1 Mine, N. W. I. Co.

B. Looking up the Incline to No. 6 Mine, N. W. I. Co.
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alum, 8,800 feet north of Roslyn, and 8,500 feet north of Jones-
ville. The general level of the valley, along which the railroad
line is located, varies from 1,911 feet at Clealum, and 2,222 feet
at Roslyn, to 2,500 feet at Lakedale, the end of the line. The
hills are made up of Roslyn sandstone which dips southwest in
the same general direction as the slope of the hills, giving fairly
uniform cover to the point where the valley level is reached.
From this point the cover increases rapidly. The hills are cut
by the ravines, previously referred to, exposing the coal outcrop
in the irregular lines shown in Plate II. The gravel terraces of
the valley cover the coal so that no outcrops are found in the
southern portion of the field. Structure in this part is deter-
mined from mine workings and bore hole records. The coal at
the eastern end of the field above the valley level has been re-
moved by erosion at those points where the elevation of the hills
is less than the seam elevation, but the coal is undoubtedly pres-
ent under the valley floor for some distance east of Clealum.
(Plate XXVIIL.) At the west end of the field the outcrop line
lowers in elevation until it cuts across the level of the valley at
Jonesville and then swings to the south and east. Broadly
speaking then, the coal field is a spoon-shaped synclinal trough
having a southeasterly pitch. As a field, it is completely iso-
lated and forms no part of any other field of the state. The
strikes and dips are variable from one end of the field to the
other. This is best shown by the map of the mine workings.
(Plate II.) The general course of the mine levels, indicated
by the black heavy lines, can be regarded as contour lines of the
coal bed, corresponding to the course of the strike lines. It will
be seen that the bed has hills and valleys and is not a true plane
surface. Some of the variations in the directions of the levels
-are due to local rolls and wrinkles which have been described,
but the major structure is due to the folding of the basin as a
whole. The dips vary from 9° to 30°.

The thickness of the Roslyn bed varies from 4 feet to 4 feet
9 inches, with a general average of 4 feet 8 inches for the field.
Typical sections from various parts of the field are shown in
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A. Tipple at No. 7 Mine, N. W. I. Co.

B. No. 3 Mine, N. W. I. Co.,, and Town of Ronald.
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figures 26 to 29. The principal characteristics of the bed is
the small middle layer of coal with a band of shale above and
below, forming the “mining” bench. (Plate XII A.)

The structure of the field itself, the character of the seam,
the topography of the surface with its relationship to the seam
have been responsible for the development of the local mining
methods. :

METHODS OF ENTRY.

The coal has been opened by

(a) Drifts or water levels on the coal from the outcrops
along the ravines.

(b) Slopes on the coal from the outcrops on the hillsides.

(¢) Rock tunnels to the coal and slopes from the point of
intersection to the rise and dip. ’

(d) Vertical shafts to the coal and slopes from the shaft
bottoms.

All' of these methods are in use in simple form or in com-
bination. (Plate XXIX.) The drift mines (a), known as the
“hill workings,” are represented by Clealum No. 2 and No. 8
Extension, Roslyn No. 6, Roslyn No. 2 East Side and some
smaller mines not now in operation.

The mines in the (b) class are Roslyn No. 8, Beekman No. 1
and Beekman No. 2. Roslyn No. 5 was originally opened as a
slope from the outcrop but was later tapped by a rock tunnel.

Slope mines tapped by rock tunnels (c¢) form the greater
part of the operations. Among these are Roslyn No. 7, Roslyn
No. 5, Roslyn No. 3, Patrick-MacKay No. 1 and Patrick-Mac-
Kay No. 2. (Plate XXX.)

Clealum No. 1 shaft at the east end and Roslyn No. 4
shaft (Plate XXXI) near the center of the field, 250 feet and
625 feet deep, respectively, reach the coal at approximately
same elevation. From these shaft bottoms the seams have been
developed by slopes. Neither of these mines is at present being
worked but there is some probability of working Roslyn No. 4
in the near future.
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A. Tipple, Head Frame, Power Plant, No. 4 Mine, N. W. I. Co.

B. Head Frame and Tipple, No. 4 Mine, N. W. I. Co.
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Clealum No. 2, Roslyn No. 1 and Roslyn No. 2 Dip, repre-
sent slope workings connected with drift openings. (Plate II1.)

MINE HAULAGE AND TRANSPORTATION.

It can readily be seen that the problems of surface trans-
portation are directly affected by the type of mine opening and
the position of the openings with respect to the railroad line
running through the field. The influence of the surface
topography is also seen in the solution of the underground
transportation, particularly in the case of the drift mines and
those opened by rock tunnels.

In general, levels are driven from the main openings at
intervals of 350 to 400 feet apart measured on the coal, on usual
grades of 1 per cent in favor of the loads. In the case of the
drift openings the same methed is followed. Landings or gath-
ering stations are located at the entrance of each level and trips
are made up or distributed from this point either by mule or
electric power. General Electric, Westinghouse, and Jeffrey
locomotives operating on 500 volts, D. C., are extensively em-
ployed.

In the slope and shaft mines, rope haulage, with steam or
electricity as the power, is the general method of bringing the
trips to daylight from the levels. Many hoisting arrangements,
however, are to be fcund in the different mines. For example,
in the slope mines opened by a rock tunnel to the coal, the hoist-
ing engine is located, in some cases, at the top of the slope on
the surface and drops the cars direct to the tunnel, where they
are picked up by electric locomotives and taken to the tipple.
In another arrangement, the hoisting engine is below the inter-
section of tunnel and slope and the rope is taken from the drum
of the hoisting engine to a bull-wheel inside the mine and from
there down the slope. (Plate XXXII.) In this arrangement
the trip is dropped right down to the tipple by the drum. The
bull-wheel in the mine may be so placed that this arrangement
will permit cars to be taken up or dropped down from the levels
of the rise workings above the rock tunnel. In the Roslyn shaft,
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A. Loaded Trip coming out of tunnel No. 2 Mine, Roslyn Cascade
Coal Co.

B. Tipple, showing Gravity Screens, No. 1 Mine, Roslyn
Cascade Coal Co.
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the hoisting rope for underground transportation was carried
from the engine on the surface down a 10-inch borehole, 500
feet deep, around a sheave and then down the slope. Trips
were pulled up to a point above the level of the shaft bottom
and then dropped back by gravity to the shaft and hoisted in
double-decked cages. At the Dip mine the trip is taken into a
drift, used as a rope entry on a rising grade, and then dropped
down the slope. The empty trip is taken in by a head-rope pass-
ing over sheaves and a bull-wheel to the knuckle at the slope
intersection. The other end of the trip carries a tail-rope, con-
nected with the -second drum of the hoisting engine, which un-
winds as the trip is taken to the knuckle. At this point the
head-rope is disconnected and the empty trip is dropped down
the slope by the former tail-rope. The reverse operation takes
place when the loaded trip is hoisted to the knuckle. In con-
trast with these arrangements, the simple method of engine
haulage on the slope to the outcrop, dropping cars to the tipple
from the knuckle point, is also employed. In many of the drift
mines, the full cars are dropped to the tipple below and the
empties raised by self-acting gravity planes and by engine
planes. Some of these planes are a mile in length. (Plate
XXXIIL)

The usual weight of rail on the levels is 16 pounds; on the
slopes 30 to 40 pounds. The gauge of track is 30 or 36 inches.
Mine cars average 1,500 pounds empty ; capacity 2,500 pounds
of coal. Ten to sixteen cars make up a trip.

METHOD OF WORKING.

The room-and-pillar methed is the only one employed in the
field. Long-wall was attempted in various parts of the field in
the earlier days of mining but it was not successful in meeting
the varying conditions and was abandoned. The use of mining
machines has never found favor. In general the dip has been
too great for the use of pick or chain machines in the rooms, and
although pick and post-puncher type machines have been tried,
they have been given up for hand picks. At the present time the
Roslyn-Cascade Coal Company is operating a chain machine
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run by alternating current in their No. 1 mine where the dip
averages 9°.

The general practice is to drive double slopes and entries,
brushing the cap rock and roof to a sufficient height for good
head room, usually five feet six inches (5’ 6””) above the rail.
Slopes are 10 to 14 feet wide, levels 9, with 30 foot pillar be-
tween. In some cases, levels are driven 14 feet wide and brushed
for a width of 9 feet and the gob piled in the entry. The air
course of the pair of levels is not usually brushed. Barrier pil-
lars 100 feet wide are left between adjacent mines, and strong
chain pillars are left to support the slopes. Where two paral-
lel slopes enter the mine, one is used for the haulage way and
intake air course, and the other is used for the return air. Some
mines have triple slopes, using the third slope either as a man-
way, or as an additional return.

Rooms are driven to the rise of the levels, the necks are usu-
ally 8 feet wide for a distance of 40 feet and then widened out
to 40 feet for double rooms (Fig. 48) with a 24-foot pillar
between room necks and a 40 foot pillar between the double
rooms ; or in the case of single rooms, under light cover, 24 feet
wide with 20-foot pillar between rooms. (Fig. 49.) There
is a local variation in the thickness of pillar and size of room de-
pending on the depth of cover and local conditions. (Figs.
50 and 51.) Crosscuts are 6 feet wide and are alternated by
driving the first ones 90 feet on one side and 60 feet on the other
side from the level, and then 60 feet apart regularly. The room
necks are usually brushed. In single rooms, any accumulated
gob is packed along one rib; in double rooms it is packed back
of the stump pillar. Six inch props and wedges are generally
used throughout the district for timbering in rooms, and are
usually spaced four feet six inches (4 6”) in each direction.
Except in “troubled” areas, very little or no timbering is needed
along the levels. ‘

Roems are not driven for full length but are ended so as to
leave a 30 to 50 foot pillar below the upper airway. Wherever
the cover will permit rooms are driven up to limit and pillars
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are immediately drawn back to the entry stump which is left
until that level is completed. In some cases, the pillar is left
standing. A modification of this method, known as the “bat-
tery and block” system, is in use wherever great roof support
is required. In the battery and block system, twelve rooms are
mined and space is left for twelve rooms as a block or pillar
and then twelve rooms more are mined, and so on. The pillars
in each room are drawn on the retreat back to the gangway:
then the blocks beginning near the ends of the area are mined
and robbed. The disadvantage of this method is that it ties
up a great deal of coal and requires considerable dead work.
Instead of leaving a block equivalent of twelve rooms, a much
smaller pillar is left in heavy sections of the mine. Very little
coal is lost under the present system of mining in vogue in the
Roslyn field.

Some of the older mined areas have squeezed and crushed.
Insufficient size of pillar and a soft, shaly phase of the bottom
rock seem to have been responsible for this. In these areas
wherever pillar coal is being recovered, a skip ten feet wide
is taken along the room and stump pillars for a roadway, and
the pillars are then attacked on the advance up to the limit of
safe working and the rest of the pillar is recovered on the re-
treat.

Coal is mined by undercutting, shearing, and by shooting
from the solid. The mining is sometimes made in the bottom coal
above the floor, sometimes in the middle coal and parting of the
seam, and sometimes in the top coal. (Plate XII.) Occasion-
ally the room coal is sheared, but this practice is more common
in the levels. Hand picks and drills are used. Shooting from
the solid is practiced although the method is not in general
favor. Black powder fired by squib, and Monobel No. 8 fired
by fuse and cap, are generally used. In some of the mines shot
lighters are employed, but as a general rule each miner fires his
own shots.

The steepest dip in the field is 80°, the average lower dip is
10°. Coal will run in chutes at the higher angle, and this meth-
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od is employed wherever the dip permits. The chutes are of
steel plate, two feet wide, in convenient lengths, and are carried
in the middle of the room necks up to the face. The chutes ex-
tend out to the level permitting the cars to be loaded directly
from a platform. “Bucking” the coal is sometimes necessary.
Four men usually mine in a double room, two on each side.

In the lighter pitches, the cars are taken right up to the face
of the room by a gravity plane arrangement. (Figure 52.) The
track along the entry is laid so that the low side rail is at a
slightly lower elevation than the other in order that the cars
may ordinarily pass the room switches, which have fixed points.
Cars may be left on the turn for any room by simply forcing
the wheels to take the turnout on the high rail. Just inside the
neck of the room is another frog and switch with movable latches.
One track is carried straight up along the rib; the other paral-
lels it at a distance of 5 feet centers. These rails are usually of
wood 4 feet by 4 inches in cross section, laid on ties spaced 5
feet apart. Near the face of the room a wheel post is set up, a
12 inch sheave is fastened to this, and the hoisting rope is given
a turn around the sheave and its ends connected, one to the full
car at the face and the other to the empty on the turn out in the
entry. In this way the full car going down brings up the empty.
The sheave is usually spragged by means of a wooden pin and
there are few runaways. The descending car always throws
the latches so that the next car will take the right track. Ex-
cess rope is coiled up and lengthened as required. Instead of
having two tracks in each room neck of a double room, one track
may be laid in each room, and the rope passed over two sheaves
at the face of the double room. This requires a reversed or
back switch on the main entry.

VENTILATION.

The Roslyn seam and the “Big Dirty” workings are gener-
ally free from gas, particularly in the upper levels where the
cover is light. In the dip workings and in those areas in which
pillars are being drawn or where squeezes have occurred, gas
and dust are universally present. Several explosions and local
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fires have occurred, but the field has been remarkably free from
these disturbances.

All mines are ventilated by surface fans, assisted in some of
the workings by underlground boosters. Exhaust fans seem to
be in most favor, the air passing into the main haulage road
as the intake and being split at each level, passing through the
rooms to the face of the upper level of the pair and then to the
return airway by way of the aircourse or lower of the levels.
The fans used are of various types and makes, both steam and
electrically driven. (Plate XXXIV.)

Brick and wood are used for stoppings; overcasts are made
of wood, brick or concrete, with the latter finding considerable
favor. Canvas cloth is used for curtains and brattices.

In some of the mines spraying is used to lessen the dust, and
in some cases exhaust steam is turned into the main slope.
Roadways are cleaned systematically to remove the loose coal
which tends to make dust.

DRAINAGE.

The mines in the field are comparatively dry, the upper or
hill workings containing most of the water. Occasional feeders
of water are struck in the lower workings. Electric pumps of
the centrifugal and plunger types, operated in relays on 500
volts direct current, handle the water. Only one steam pump
was seen in the district.

SURFACE PLANT.

Surface equipment throughout the district is comparatively
simple and uniform. (Plate XXXV.) A boiler and engine
house, office, shop and powder house, together with the tipple,
make up each unit. Timber, covered with galvanized iron plate
is the usual type of construction. Powder houses are of brick
construction of approved type. The machinery and equipment
at the various mines are up-to-date and efficient. (Plate
XXXVI.)

The Northwestern Improvement Company maintains a large
machine shop, warehouse, and power plant at Roslyn. The
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A. Fan House, No. 1 Mine, Roslyn Fuel Co.

B. Fan House, No. 7 Mine, N. W. I. Co.
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power plant, steel head frame and tipple at No. 4 mine is the
most pretentious unit in the district. (Plate XXXI.) The
central power plant at Roslyn furnishes light and power for
the mines at the upper end of the field, and a secondary plant
coupled in parallel with this at the lower end of the field supplies
light and power around Cle Elum. The Roslyn Fuel Company
power plant supplies both mines at Jonesville. The Roslyn-
Cascade Coal Company has installed an electric plant to supply
current for its coal cutting machines.

COAL PREPARATION.

Coal from the Roslyn seam is ordinarily clean as it comes
from the mine. The center bands of shale are removed in the
mining and any cap rock is gobbed in the rooms. The upper
and lower benches break out in good sized lumps and the per-
centage of fine coal is low. Any sulphur balls are eliminated in
the mine. The result is a coal which requires little further
preparation except screening. The Roslyn Fuel Company is
now washing some of the coal from its mines.

Coal mined by the Northwestern Improvement Company is
used in the locomotives of the Northern Pacific Railway and is
not even screened before loading into the cars. The other com-
panies in the field enter the market and sell the coal for steam,
gas, and domestic purposes, and screen the coal before shipping,
but that is the only preparation necessary. The usual sizes
marketed are run-of-mine, lump, steam, and egg coal, but the
screen sizes of these market grades vary with the different opera-
tors.

The mine cars are unloaded at the tipples by one of three
types of car dump—the simple push-back or horn dump, the

" crossover, or the rotary type. Gravity screens are in general
use; only one mine, Beekman No. 1, employs shakidg screens.
Rock and waste which come to the tipple are dumped into rock
chutes and bins and loaded into side-dump cars which are hoisted
by motor-driven drum and rope over a bull-wheel to the top of
the rock pile where the cars are automatically discharged by a
tripper, or else the waste is hauled away in cars and used for
grading around the tipple. (Plate XXXVII.)
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A. Power Plant and Tipple, No. 1 Mine, Roslyn Fuel Co.

B. Power Plant and Tipple, No. 2 Mine, Roslyn Fuel Co.
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LABOR.

Labor in the field is representative of all coal mining camps
“with English, Scotch, Italian and other southern European
races. In the early days of the district, negroes were brought
in to break up labor troubles and since then a fair number of
negroes are numbered among the mine workers. The workers
are organized under the jurisdiction of the United Mine Work-
ers of America, and are working under the terms of a two-year
agreement with the operators which expires in September, 1916.
Living conditions are better than in many of the coal camps
of the country. The Northwestern Improvement Company
operates stores at Cle Elum and Roslyn. Many of the workers
own their own homes, and good schools are provided in the
towns. The men maintain a hospital and staff of doctors. There
are no change houses at the mines, but one has been installed in
the Y. M. C. A. at Roslyn. This organization has recently
erected a new building and takes an active part in the social life
of the community. Funds for maintenance are supplied by the
workers and the operators. The Northwestern Improvement
Company and the Roslyn Fuel Company each maintain rescue
apparatus, and encourage the training of rescue and first aid
squads. Men meet for training at regular intervals and take
part in the competitions. The Roslyn team has been a banner
organization for several years.

In 1912, 1,495 men were employed on inside work and 248
on outside work at the various mines in the field. The total
number of days operated was 1,775 for all mines. Two fatal
accidents and 225 injured is the record for that year. The
number of tons per man per day for all labor in the field is 3.6.

MINING COSTS.

The scale of wages paid in the field to both day and contract
labor is governed by the agreement between the workers and
operators. A copy of the latest agreement follows. The day’s
wage schedule is common for all the mines in the state:

y ]| (-

y/
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A. Rotary Dump, Hand Operated, No. 56 Mine, N. W. 1. Co.

B. Hoisting Engine, No. 7 Mine, N. W. I. Co.
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i
Day’s Wage Scale.
INSIDE MINE.
MIDErS ....vviirnenrocseonsncnesanannncnnns $ 380
Timbermen ........cc.ceeeeeeeecneenoncnans 3 80
Timbermen’s Helpers ...................... 3 15
Tracklayers .......cceeveueennennennneenanans 3 80
Tracklayer’'s Helpers ....................... 315
MOLOTINEN .. .vvvveeencnronnnoncncnnononnnns 3 35
DIriVerS ....coviineierrerensnonsnsnannansos 3 35
Parting Boys.........c..... PN $1.90 to 2 40
Greasers .............. it eeee e 1 85
TIapPPErS ...ccoveveerennnnanaaasnsnsscanses 160
Rope Riders ..........coviiieniinnnenananns 33
Hoist Men on Development Work............ 315
Hoist Boys on Development Work........... 2 50
EDngineers .......cooveueiinnerrnanaaneenaacns 3 40
CAEETS . .vvveettieernnennonnennaseenaannns 3 40
Cagers’ Helpers ..........c.cooveeuninennnnnnn 315
Inside Labor, not specified.................. 3156
Shot Lighter .........cceiviiiiinienneennnns 3 95
PUMPMAN  ....uutvrrerenncnasnonscnscssosns 3 15
OUTSIDE MINE.
Engineers ..........coiiiiiiiieiianniianian 3 40
Firemen .........coeieieieeneieennnennennns 3 00
(077 - T 3 15
Cagers’ Helpers ...........cooeiivneeennnnns 2 75
Stablemen, per month...................... 85 00
Teamsters .. ....ceeeeeeeeneceneennannnnnns 2 90
GIOABETS . vt ereineeneearannaaneananeenns 145
[070311 1) L3 o P 1 60
DUIPEL .« o ttittiierntennecanenesnnassnaenns 2 75
Blacksmiths, 1st...........cociiiiiiien., 3 70
Blacksmiths, 2nd..........ccociiiiiiiiiiii 3 40
Blacksmiths’ Helpers...........ccoiiveveeans 2 90
Carpenters, 1st...........coviiieinennennnnn 3 70
Carpenters, 2nd.........cooiiiiiiinniatinns 3 15
Car Repairers............c.covviiiennnnnnnn. 2 90
(0] 170 1) 4 1=3 - T PN 2 90
Screeners (MEN) . .......oeoeeeneveneeaneenns 2 10
Screeners (bDOYS) ...cvvvriiiiiiiineneanannn 1 60
Moving Picking Table (men)................ 2 20
Moving Picking Table (boys)................ 170
Qutside Labor.........ccoviiieieinniinennn. 2 60
Development Engineers..................... 315

Machinists .........coviiiiiiiiiieieenann, 3 40
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The mining rates or contract rates for the Roslyn field are as

follows:
Mining Rates.

At Roslyn No. 5 and other openings on the Roslyn-Clealum seam

where 12 inches or less of cap rock is taken down, accord-

ing to present Roslyn practice, per ton of 2,240 pounds....... $1 02
‘Where more than 12 inches of cap rock is taken down........... 105
At Clealum, No. 5 and other openings on the Roslyn-Clealum

seam where cap rock is left up, according to present Clealum

practice, per ton of 2,240 pounds............oiiiiiiiiinnnn 95
Chute work on Roslyn-Clealum seam per ton of 2,240 lbs......... 92
Cross cuts in rooms, per yard..............cieieeennn.. eeees 115
Entry price, 14 ft. wide, per yard............. ... . it 2 90
Entry price, 8 ft. wide, per yard............... ... .. ..o, 3 40
Entry price, 14 ft. wide, cap rock up, at Clealum................. 185
Down hill cross cuts, under 40 ft., per yard...................... 1 60
Down hill cross cuts, over 40 ft., per yard...................... 2 50
Up hill cross cuts, under 50 ft.,, peryard...................co.un. 1 60
Up hill cross cuts, over 50 ft.,, per yard.................cccvu.nn 2 50
Room turning, 20 ft........ . ...ttt e 8 50
Room turning, 40 ft..........ccoiiiiiiiiiiiiiiiieriiinneeennnnn 10 50
Slope sinking, per yard..............iiiiiiiiiiiiiiiiiiaa 3170

The cost of production at the mine for coal delivered to the
cars at the tipple is somewhere in the vicinity of $1.25 to $1.35
per ton, inclusive of all operating expense, but not counting
coal royalty, depreciation, or overhead charges. The average
value of the coal at the tipple is about $2.50 per ton. The
average value for all mines in the state in 1912 was $2.43.

WASHING AND COKING TESTS.

In the period from July, 1908, to July, 1909, washing and
coking tests were made at the Denver Fuel Testing Plant of the
U. 8. Geological Survey on carload lots of Roslyn coal taken
from the seam three miles west of Roslyn, at the Roslyn Fuel
Company’s mine. The results of these tests are given in Bulle-
tin 5, published by the Bureau of Mines, and are briefly sum-
marized below :

The first sample consisted of 16 tons of run-of-mine, and the
second sample of 84 tons of 3/-inch screenings. These coals
were crushed to 3/ inch and 34 inch and washed in a special jig
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A. General Type of Rock Dump in Roslyn Field.

B. Tipple and Rock Dump, No. 3 Mine, N. W, I. Co.
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and in a Richards pulsating jig. Float-and-sink tests were
made on samples of the original and of the washed coals in a
Delameter float-and-sink machine. The coal for coking was run
both raw and washed in finely crushed condition.

The washed coal averaged 85.5% and the refuse 14.5%,
with a loss of 8.25% of good coal in the refuse. The raw coal,
containing about 15% ash and 0.70% sulphur, after washing
showed a percentage reduction of ash of 28% and sulphur 10%,
indicating 35% ash removed and 18% sulphur removed. In
general the tests indicated that good separation of waste from
coal was possible.

Coking tests were conducted in beehive ovens 12 feet in
diameter ; time varied from 86 to 51 hours and dry weight of
coal charged varied from 8,572 to 11,646 pounds. The total
yield of dry coke averaged 65.6%. Coke produced was of fair
grade, with good coke resulting from the 51-hour tests. The
results of these tests indicate that the Roslyn seam is a good
coking coal.

TRANSPORTATION.

The Northern Pacific Railway main line touches the field at
Clealum. From this point the Roslyn branch, seven miles long,
from Clealum to Lakedale, taps the field and provides an outlet
to the main line. A yard (Plate XXXVIII), at Clealum,
equipped with a Heyl and Paterson conveying, loading and dis-
charging system, serves as a storage plant and as a local coal-
ing station for locomotives.

MARKETS.

The principal market for Roslyn coal is in the castern part
of the state. This eastern market, which includes the territory
traversed by the other trans-state railway lines, uses the coal
mainly for domestic purposes, while gas-making and industrial
uses are second in importance. Some of the marketed coal is
used by the railways on locomotives and in construction work.
All of the coal mined by the Northwestern Improvement Com-
pany is used on the locomotives and in the shops of the North-
ern Pacific Railway, and none is sold in open market.
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The high freight rate across the Cascades and the competi-
tion with western Washington coals has served to partially close
the Puget Sound market to coal from this field, but a consider-
able trade is carried on by the Roslyn Fuel Company, and very
recently the Roslyn-Cascade Coal Company has entered this
market. The high grade of the Roslyn coal, in spite of the
freight differential, enables it to meet the requirements of this
market and the coal is extensively used in gas plants, and to a
lesser degree for industrial and domestic use. Very little of the
coal is used in the steamship trade.

Although this coal possesses excellent coking qualities, none
of it is manufactured directly into coke except as the by-product
in the manufacture of illuminating gas.

PRODUCTION.

Records of production of the field have already been cited.
These show this field to have been a leader in production for
many years. Appendix A gives the record of production by
individual mines in the field during the period 1887-1918. Dur-
ing the earlier years many small independent mines were in
operation, but these have given way to the three producers now
operating. Of these, the Northwestern Improvement Company
shows the largest individual tonnage, thus making these mines
the largest single producers in the state.

ECONOMIC FEATURES.

The Kittitas County field did not begin to mine coal as early
as the neighboring King and Pierce Counties on account of no
railroad transportation. With the advent of the railroad, in
spite of the limited extent of the field and its isolation from
western Washington, the production began to grow very rap-
idly.

Conditions have been very favorable for mining in the Ros-
lyn field. The Roslyn seam lies on a moderate dip with fairly
light cover, it is very regular in structure and thickness, is
easily opened up and mined, requires very little preparation for
market, and is high grade in quality. While the timber re-
sources are not as great as in western Washington, the supply
is ample and cheaply obtained. The amount of timber required
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A. Conveying, Loading and Discharging System at Clealum.

B. Storage Yard, with Conveyor, at Clealum.
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for mining is not very great, nor is the cost for pumping high.
A high percentage of the total coal is removed in mining and
there is practically no loss due to refuse in the coal seam. Un-
. der these conditions, the cost of prcduction of Roslyn seam coal
is the lowest in the state.

Labor conditions have already been described. In recent
years there have been no industrial disturbances in the field, and
employment, while subject somewhat to the fluctuations of sea-
sons and business, is very regular. Living conditions are also
good when compared with mining camps in other parts of the
country.

Future development in the field will be along the lines of ex-
ploitation of the lower levels on the Roslyn bed in the center of
the basin. A large area of coal can be reached from the No. 4
shaft of the Northwestern Improvement Company. The terri-
tory on the Roslyn bed owned by the Roslyn Fuel Company at
its Beekman mines will be exhausted in a few years. This com-
pany is turning its attention to an overlying seam, the “Big
Dirty,” and is developing a good mine on this property. The
Roslyn-Cascade Coal Company has a large tonnage in reserve.
Some work is being done on seams underlying the Roslyn at
the western end of the field. At the present time this is largely
in the nature of exploration or development. It is too early to
prophesy the future of these seams, but they will undoubtedly
be the source of a coal supply after the present more accessible
seams are exhausted.

The Roslyn coal is not subject to the competition of nearby
coal fields or of California oil in its eastern market. Montana
coal is its chief competitor for the Inland Empire market. On
the west the Cascades serve as an effective barrier against com-
petition from the higher priced coals of Pierce and King Coun-
ties, and from oil, and although this prevents the Roslyn coal
from gaining a strong foothold in the Puget Sound region it
makes stronger its position in the markets of central and eastern
Washington. It is to these points that the future production
of the field will largely go.
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PRODUCTION OF COAL IN WASHINGTON, 1860 TO 1913.
Given in short toms (2,000 pounds).

1860 .............e 5,374 1887 .ovvveeinnnns 772,601
1861 ............... 6,000 1888 ...ttt 1,215,750
1862 ............... 7,000 1889 ... ..eiinnn. 1,030,578
1863 ........iill. 8,000 1890 .............. 1,263,689
1864 ............... 10,000 1891 .............. 1,056,249
1865 ............... 12,000 1892 .. ...oial.. 1,140,575
1866 ............... 13,000 1893 ... .l 1,208,850
1867 ...l 14,500 1894 ... ......... 1,131,660
1868 .......... ... 15,000 1895 ... ..ivinln 1,163,737
1869 ............... 16,200 1896 .............. 1,202,534
1870 ...t 17,844 1897 ..ol 1,330,192
B 20,000 1898 ........ill, 1,775,257
1872 ...t 23,000 1899 .............. 1,917,607
1873 +.vviviiiiiin. 26,000 1900 ...l 2,418,034
1874 ... ...l 30,352 1901 ...l 2,464,190
1876 e 99,568 1902 ... .....ll.l, 2,690,789
1876 .....oovvnnnnn 110,342 1903 .............. 3,190,477
1877 e 120,896 1904 .............. 2,905,689
1878 ...l 131,660 1905 ...l 2,846,901
1879 .. 142,666 1906 ...l 3,290,623
1880 ...l 145,015 1907 o.onnnn.., 3,722,433
1881 ...l 296,000 1908 ...l 2,977,490
1882 ........iuull, 177,340 1909 ...l 3,690,639
1883 ...l 244,990 1910 ..eeeenene 3,979,569
1884 ........... ..., 166,936 1911 ...l 3,646,322
1886 .......... ...l 380,250 1912 ...l 3,360,932
1886 ............... 423,625 1913 ...l 3,877,891

REFERENCES ON COAL.

Coal areas of United States (Maps): Parker; U. S. Geol. Surv.,
Mineral Resources, Part II, 1910.
_ Origin and classification: Clarke; U. S. Geol. Surv., Bull. 491, 1911.
Coals of Washington, analyses: Smith; U. S. Geol. Surv., Bull.
474, 1911.
Coal areas of Washington: Landes; Wash. Geol. Surv., Vol. II,
1902.

Washing and Coking Tests of Coal at the Fuel-Testing Plant, Den-
ver, Colo., July 1, 1908, to June 30, 1909: Bureau of Mines, Bull. 5, 1910.
Coals of King county: Evans; Wash. Geol. Surv., Bull. 3, 1912,

Coals of Pierce county: Daniels; Wash. Geol. Surv., Bull. 10, 1914.
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