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COALS OF -THE STATE OF WASHINGTON.
By E. EGGLESTON SMITH.

INTRODUCTION.

" The field work on which this report is based was done between
the months of June, 1909, and March, 1910. The anthracite coal
field at the head of Cowlitz River was examined for the purpose of
classifying the coal land in the Rainier National Forest, the work
being done entirely by the United States .Geological Survey. The
remainder of the work was designed to procure as complete data as
the funds available would permit concerning the character, quality,
and relative values of the coals of the State of Washington, and it was
carried on in cooperation with the State Geological Survey. The
field work was done under the administrative supervision of Henry
Landes, State geologist of Washington, and M. R. Campbell, of the
United States Geological Survey.

During the same period a party under the supervision of G. W.
Evans, of the Geological Survey of Washington, mapped the surface
geology of King County with special reference to coal, and investi-
gated the underground geology as shown in coal mines, the mining
conditions and methods, and the preparation of coal for the market.
The writer spent parts of July, August, and September, 1909, assisting
this party in field work. The results of thls 1nvest1gmt10n will be
published by the State.

The writer wishes to express his thanks io all the mine managers,
supermtendents and foremen who kindly cooperated with him and
assisted in collecting the samples and the geologic and other data
used in preparing this report.

EXPLANATION OF TERMS.

In the descriptions of mines and samples in thisreport certain terms
~ are used which have more or less definite local meanings and as these
terms and their meanings may not be familiar to all readers they will
be given. The term “water level” is applied to any gangway or drift
which has natural drainage above the surface of the surrounding
country, or in a general way to the workings lying above a water-
level gangway or drift. The lowest water level in a series is spoken -

7



8 COALS OF THE STATE OF WASHINGTON.

of as the first water level, the next above as the second water level,
etc. The term ““level” is applied to gangways or drifts that lie below
the natural drainage of the region and to workings above such gang-
ways, from all of which water must be pumped. They are spoken of
in descending order as first level, second level, third level, etc.

The terms ‘‘niggerheads,” ‘‘sulphur” balls, and pyrite nodules
are applied to masses of marcasite and pyrite which occur in much of
the coal. The term ‘“binder” is applied to any hard, black carbonace-
ous shale which resembles the coal and which is not easily séparated
from it either in mining the coal or in preparing it for the market.

In the mines of the Northwestern Improvement Co., in Kittitas
County, the block-and-battery system of mining has been installed. .
The rooms are arranged in groups of ten each. As the gangway
advances all the coal from the alternate groups is removed. These
alternate groups are called batteries. The remaining groups are
worked out as the gangway retreats. These groups are called
blocks. The batteries and blocks are numbered indépendently of
each other in consecutive order from the main slope.

For many years the need of a simple, consistent, and satisfactory
scheme of classification for coal has been felt by all who have been in
any way connected with the coal business, from the geologist and
mining engineer to the dealer who places the coal on the market.
‘Recently the United States Geological Survey has adopted a scheme!
which seems in a way to answer the needs, and new names have been
coined and old ones redefined in order to make the schemes_suitable
for practical use. The groups of coal recognized and - the names
applied to them are as follows: (1) Anthracite, (2) semianthracite,
(3) semibituminous, (4) bituminous, (5) subbituminous, and (6)
lignite. The higher grades (anthracite, semianthracite, semibitumi-
nous, and bituminous) are generally .well known and need little or no
description in this report. The type coals of the different groups
are easily distinguished, but as there is a complete gradation between
the groups the attempt to classify coals that belong in the dividing
or debatable ground between. the groups is difficult.

The generally accepted criterion for distinguishing the groups from
bituminous upward is that of fuel ratio, or the quotient of the fixed
carbon divided by the volatile matter, but it is questionable where
one group shall end and another start. .This question has not yet
been settled by the United States Geological Survey and conse-
quently the terms employed in this report will be used as they are
used in the trade in the eastern fields of the United States, with the
meanings indicated below:

1. Anthracite may be defined as a very hard, ]et “black coal having
a dense homogeneous texture, a bright 1rregulfzr conchoidal fracture,

1 Campbell, M. R., A practical classification for low-, g-rade coals: Econ. Geology, vol. 3, No. 2, March-
April, 1908



EXPLANATION OF TERMS. -9

burning with a short blue flame, and having a fuel ratio* of 10 or
more. The coal from the Scranton-Wilkes-Barre district in Pennsyl-
vania is typical anthracite.

2. Semianthracite is below the grade of anthracite, but its limits
are not well defined. In general, it is fairly hard and 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.
Coal from the Bernice Basin, Pa., and Spadra, Ark:, is representative
of this class.

3. Semibituminous coal is the next group below the semianthracite
and above the bituminous. This group includes some of the best-
known coal of the country, such as the Clearfield coal of Pennslyvania,
the Georges Creek coal of Maryland, the New River and Pocahontas
‘(PL. I, B) coals of Virginia and West Virginia, and most of the coal
of Arkansas. The fuel ratio of coal of this group ranges approxi-
mately from 3.to 6. »

4. Bituminous coal includes all so-called ‘‘soft coal” which is
lower in fuel ratio than semibituminous coal and which does not
contain sufficient moisture to cause it to crumble (mechanical
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. The coals of Towa and Illinois
and many of the coals of Ohio, Pennsylvania, West Virginia, Kentucky,
and ‘Alabama belong to this class.

5. Subbituminous coal has generally heretofore been called ‘“black
lignite.” The criteria for the distinction of coal of the subbituminous
group are in general (1) grayish black or black color; (2) almost uni-
versal absence of a distinct system of joints; (3) high percentage of
moisture, which is given off readily on exposure to the sun or air,
thus producing the peculiar irregular weathering (see PIL. I, A) 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 subbituminous coal, when exposed to the air or to the direct
rays of the sun, tend to break up independently of the joint planes
dnto smaller and smaller fragments having irregular faces. The fresh
‘coal has a bright luster and an irregular conchoidal fracture; the
resultant fragments are lusterless and their surfaces do not show an
even fracture of any kind. Certain subbituminous coals have high
heating value and will stand transportation in closed cars without

1 Frazer, Persifor, jr., Classification of coals" Rept. MM, Second Geol. Survey Pennsylvania, 1879, pp.
128-158; Trans. Am. Inst. Min. Eng., vol. 6, 1879, pp. 430-451.



10 COALS OF THE STATE OF WASHINGTON.

“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 subbituminous groups. In the State
of Washington the coals of Issaquah, Coal Creek, Renton, and Tono
are typical of this class. »

6. Lignite is distinguished from subbituminous coal by its color,
texture, and amount of moisture. It is brown in color or has a dis-
tinctly brownish cast. The texture is usually more or less distinctly
woody, although some lignite, notably that of Texas, is amorphous.
The amount of moisture is greater than that of subbituminous 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 lig-
nite,” ““brown coal,” “black lignite,” ‘““lignitic coal,” and very fre-
quently to a good grade of bituminous coal. The writer has often
heard the coals from Black Diamond and Carbonado referred to as
lignite, though they are among the best bituminous coals in the State.
Itis hoped that the classification, with the corresponding nomencla-

ture just given and used throughout this report, will be adopted by the

local operators and dealers, for its general features are already in
use and it only prescribes, in addition to these features, certain
fairly definite limits for the lower groups and introduces the term
subbituminous to replace the many terms like ‘“black lignite,” “lig-
nitic coal,” and ‘“brown coal.”

METHODS OF SAMPLING.
' COMPARISON OF METHODS.

In attempting to compare the coals of a reigon like the State of
Washington, where the character of the coal is so different within
short distances and where mining operations are in so widely different
stages of development, it is evident that some standard method of
sampling must be adopted. Of the three methods commonly em-
ployed—sampling at the place of consumption, sampling in carload
lots, and sampling from the mine—the last seemed to be the only one
that could be used economlcally under the present conditions of
development.

Commercial samples are more nearly representative of the coal as
it is placed in the market; but as different methods of preparation
for market, varying length of exposure to the air, changing condi-
' tions in the different parts of the mine from which the coal is obtained,
and other variable factors affect the character of the coal at the con-
sumer’s plant, this method of sampling is not very satisfactory, par-
ticularly for a low-grade coal.
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Carload sampling, if carried on under the supervision of a man
skilled in the work and preceded by a careful study of the condition
of the bed, the character of the coal in the different parts of the mine,
and the method .employed for the preparation of the coal for the
market, affords a means of obtaining better average results than can
‘be obtained by sampling at the place of consumption. The coal can
be so chosen as to be fairly representative of the average output of
the whole mine or the sample can be made to represent the average
of any particular part of the mine. Much, however, depends on the
experience and personal equation of the sampler. This method also
permits a choice of shipment, in either open or closed cars, which
will place the sample at the laboratory in about the same condition
" that it would reach the consumer. On the other hand, the great
cost of this method of sampling and the responsibility and judgment
required of the sampler make it almost prohibitive under ordinary
conditions and not so reliable in its general results as mine sampling.

Mine sampling can be applied to all kinds of operating mines,
abandoned mines, and prospects in all stages of development to which
access can be obtained. In fact, it is the only method that can be
employed where the coal is not being used commercially. It costs much
less than the shipment and testing of commercial or carload samples
and for that reasqon is much better suited to ordinary requirements.
Mine sampling provides a ready means of making a comparison of
coal from different places in the same bed—a comparison which can
be made by the other two methods only by the expenditure of a large
~ amount of time and money.

Wherever car samples have been taken by the United States Geo-
logical Survey, mine samples have been taken at the same time from
the working parts of the mine from which the coal came. This prac-
tice has been extremely valuable in giving data-for comparing the
merits of the two methods of sampling and in affording a means of
estimating roughly the commercial quality of coals from prospects,
developing mines, and other mines, from which carload samples can
not be obtained.

Most of the following discussion of the value of coal-mine samphng
as compared with carload sampling is taken from an article by M. R.
Campbell.* In comparing these two methods of sampling the effect
on the impurities in the coal is most important, although there is
-undoubtedly some effect on the other constituents.. These impuri-
ties, named in the order of their importance, are moisture, ash, and
- sulphur. :

Exposure to the atmosphere has different effects on the moisture
in coal, the degree of change depending on the amount of initial
moisture, the kind of exposure, and the length of exposure. The

1 The value of coal-mine sampling: Econ. Geology, vol. 2, No. 1, January-February, 1907, pp. 48-57.
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standard method of mine sampling as set forth by Campbell, sup-l

plemented by precautions to avoid certain difficulties, should reduce
the variation in moisture in mine samples to a minimum. The ordi-
nary method of car sampling is subject to all the conditions produc-
ing alteration in the moisture content. The comparison of a large
number of mine samples with car samples has made it possible for
Campbell to divide into four great groups the coals which have
certain relations in their moisture content. The following is Camp-
bell’s statement® regarding coals tested at the Louisiana Purchase
Exposition at St. Louis in 1904:

Group A:-This group includes all coals in which the average moisture content of
the car sample is less than 3 per cent. Of this group 18 samples show an excess of
moisture in the coal from the mines and 6 samples show an excess in the coal from the
car. The total excessin the mine samples is 9.47 per cent and in the car samples 5.48
per cent. The difference is 3.99 per cent. This divided by 24, the total number of
samples, gives an average excess in the mine sample of 0.17 per cent.

Group B: In this group are included all samples having an average moisture con-
tent in the commercial coal of from 3 to 8 per cent. Of this group 18 samples show an
excess of moisture in the commercial coal and the other 18 samples show an excess in
the coal from the mine. The number of samples is the same in both cases, but the
total amounts are quite different, the excess in the car samples being 24.60 and in the
mine samples 10.23 per cent. The difference between these amounts, or 14.37, divided
by 36, the total number of samples, gives 0.40 per cent.as the average excess in the
car samples .

Group C: This group includes all samples having a moisture content in the average
car sample of from 8 to 10 per cent. Of this group 4 samples show an excess in the
commercial coal, and 11 samples an excess in coal from the mine. The total amount
of excess in the car samples is 2.24 per cent and in the mine samples 10.69 per cent.
The difference, 8.45 per cent, divided by 23, the number of samples, gives an average
excess in the mine sample of 0.56 per cent.

Group D: This group includes all samples having a greater amount of moisture in
the car sample than 10 per cent. The mine samples show an excess in moisture over
the car samples, as in the previous group, but the excuse for considering it separately
is that the average amount of excess is much greater than that of the preceding group.
Of Group D 8 samples show an excess in coal from the car and 22 samples show an
excess in coal direct from the mine. The total excess in the former case is 10.50 per
cent and in the latter 48.56 per cent; the difference, 38.06 per cent, divided by 30,
the number of samples, gives 1.27 per cent as the average excess in the mine samples

Tabulated, the results are as follows

Table of coal groups arranged according to the excess of moisture in mine and car samples.

Excess | Excess
Groups of coal. in mine | in car
. samples. | samples.

' Per cent. | Per cent. ~
. Coals having less than 3 per cent in car samples...................... e 0.17 |..........

A

B. Coals having from 3 to 8 per cent in car samples........................ O 0.40
C. Coals having from 8 to 10 per cent in car samples BT 2 IO
D. Coals having over 10 per cent in car samples. . ... ... ...l L27 |

1The value of coal-mine sampling: Econ. Geology, vol. 2, No. 1, January-February, 1907, pp. 50-55.
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The meaning of the above-described groups is not well understood, especially the
rehson why an intermediate group, B, should show an excess of moisture in the car
samples when coals of both larger and smaller content show less moisture in the car
lot than in the mine samples. The reasons for Groups C and D are evident. They
“include coals having a high moisture content, and it is only reasonable to suppose that
coal of this character would lose some of its moisture in transit, especially when the
shipment occurred in midsummer, as was-the case with most of these samples. It is
possible that ‘the coals of Class B were shipped in bad weather and hence gained
moisture in transit, or it may be possible that coals of this intermediate grade are in
such a condition that they will absorb moisture from the atmosphere more readily
than those having either a higher or lower moisture content. It is possible also that
Group B is not a natural group, but merely due to fortuitous circumstances. If that
ig the case, a larger series of tests would probably show that no such group exists.

The effect of the two methods on the amount of sulphur in the
sample is slight. The following report is Campbell’s statement * on

this point:

Of the 105 samples analyzed during the two years, 75 show an excess of sulphur in
the commercial coal, 28 show an excess in coal direct from the mines, and 2 show an
equal amountin each. The total excess in car samples is 261.67 per cent, and in mine
samples 246.25 per cent; 261.67 divided by 246.25 equals 1.06, the coefficient of excess
of sulphur in the car samples over the mine samples. If, therefore, the amount of
sulphur shown in any analysis of coal direct from the mines be multiplied by 1.06,
the result will be approximately the amount of sulphur that may be expected in
commercial coal from the same mines.

The amount of ash in the samples obtained by the two methods
depends on the personal equation of the mine sampler and the car
sampler, on the character of the roof and floor of the mine, on the
methods of mining and hauling to the surface, and on the methods
of preparation for market if the sample is taken after it has been
cleaned. The results of the comparison of the ash as given by

Campbell ? are as follows:

The total excess in the car samples is 1,062.66 and in the mine samples 825.95 per
cent; 1,062.66 divided by 825.95 equals 1.29. This may be called the coefficient
of increase, and can be used in converting the ash in analyses of mine samples into
analyses of commercial coal; thus, if the ash in the analysis of the mine sample be
multiplied by the coefficient, 1.29, the result will be approximately the amount of
ash that may be expected in commercial coal from the same mine.

The percentage of volatile combustible matter in a coal undoubt-
edly changes on exposure to the air, and the amount of change depends
on the length of exposure, the size of the particles, and the amount of
weathering. It has been shown by R. T. Chamberlin ? that fresh coal
dust gives nearly four times as much volatile combustible as old dust.
The rate of change is undoubtedly controlled by the size of the par-
ticles and the amount of air in circulation among them.

1The value of coal-mine sampling: Econ. Geology, vol. 2, No. 1, January-February, 1907, p. 52.

2 Idem, p. 53.
8 Notes on explosive mine gases and dusts: Bull. U. 8. Geol. Survey No. 383, 1909, p. 62.
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“The following conclusions may be drawn concerning the compan—
son -of the standard methods of mine sampling and car samphng
First, no exact ratio can be established between the amounts of mois-
ture in the two kinds of samples, because of the varying conditions-
of original moisture content, methods of transportation, and time of
transportation. Second, a more or less definite ratio exists between
the amount of sulphur in the two kinds of samples, which may be
used as a possible basis for estimating the amount of sulphur in com-
mercial coal from the analysis of a mine sample, although the varia-
tion of many of the samples from this ratio is great. Third, a more or
less definite ratio exists between the amounts of ash in the samples,
which may be used with considerable accuracy in determining from
the mine sample the possible ash in a commercial sample.

METHODS USED.

In collecting samples from mines operating-on one bed the writer
took one sample from each mine having a daily output of 200 tons
or less. An additional sample was taken for each additional 100 tons
of output; that is, a mine producing 500 tons daily would have one
sample for the first 200 tons and three samples for the additional 300
tons, or a total of four samples. )

The following method was used in collecting such samples. After
ascertaining the parts of the mine at which the coal bed was most
nearly. normal, points were selected for sampling in the center and
the periphery of the active workings which would give samples rep-
resenting very closely the present and the future output of the mine.
At the place where each sample was taken a fresh face of coal was
selected and cleaned of all coal dust, powder stains, and other impuri-
ties by removing from half an inch to 2 inches of the coal. In
slightly dipping beds, where the floor of the mine was wet, a piece of
oilcloth was spread so as to catch the coal as it was cut and to keep
out impurities and moisture. In highly dipping beds the oilcloth was
supplemented by a small canvas bag on a hooped stick which could
be held immediately under the part of the bed being sampled and
which caught most of the coal as it was cut from the face. The
sample was obtained by cutting a channel across the face as nearly
perpendicular to the floor as possible and of such a size as to yield .
about 5 pounds of coal to each foot of the bed sample. All material
in the bed was included except partings, lenses, and binders more than
three-eighths of an inch thick and lenses or concretions of ““sulphur”
or other impurities greater than 2 inches in maximum diameter and
half ‘an inch in thickness. In some places a layer of the foreign
material resembled the surrounding coal so closely that it could not
be separated in preparation for market and was therefore included in
the sample. Some beds also contained thin partings which could not
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be entirely separated from the coal by picking and washing. Several
of these partings were also included in the sample, so that the amount
of ash would be about the same as that contained in the commercial
coal that had been carefully prepared for the market. In the sections
of the beds which are given with the descriptions of the mines (see
pp- 77-199) an asterisk (*) or dagger (1) indicates the parts which are
included in the sample. Only half of some layers was included, and
such layers are indicated by a dagger. Some samples were wet when
they were taken from the mine. Asmost of the sampling was done in
the winter or rainy season, it was not possible to dry all samples before
being ground and sealed in the can. When the weather was so dry
that the sample could be dried without being exposed to the air very
long, it was air-dried until all visible moisture had disappeared before
it was prepared for the laboratory.

The samples of washed coal, lump coal, and steam coal were taken
from the surface of the storage bins and from the surface of railroad
cars which had just been loaded. The coal was collected in small
quantities at more or less regular intervals until 75 to 300 pounds was
obtained.

PREPARATION OF SAMPLE FOR THE LABORATORY.

The mine sample was prepared for the laboratory either in the mine
or in a protected place at the entrance to the mine where the atmos-
pheric conditions were similar to those of the mine. Each sample
-was kept in an oilcloth bag until the sampler was ready to pulverize
it. The coal was ground in a bone grinder to the size of a pea, or
pulverized with a piece of flat steel and an iron pestle until it would
pass through a sieve with a half-inch mesh. It was then thoroughly
mixed and quartered. Opposite quarters were rejected, and the
remaining quarters were thoroughly mixed and quartered as before.
The operations of mixing and quartering were repeated until the final
sample of about one quart was obtained. This was then placed in a
screw-top galvanized-iron ‘can made to hold about 3% pounds of
coal, and was sealed and mailed to the Geological Survey’s labora-
tory at Pittsburg for analysis.

The samples of washed coal, Tump coal, and steam coal were thor-
oughly mixed. The pieces were then reduced to a diameter of three-
fourths of an inch and mixed and quartered, in the usual way until
a sample of about 25 pounds was obtained. This was ground in a
bone grinder to the size of a pea and then mixed and quartered until
a final sample of about 3} pounds was obtained, which was sealed in
a screw-top galvanized-iron can and sent to the laboratory.

If the exact location of the place from which a sample was taken
is not known, its location with respect to a known land corner is
given in the description of the individual mines and prospects, so
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that its position can be readily: determined. Mine maps were not
available to determine some locations, and their exact position with
regard to a Government land corner is not known. For such places
the location of the mine is given as nearly as possible by distance
and direction from the nearest town.

CHARACTER AND QUALITY OF THE COAL.
INTRODUCTION.

The character and quality of the coals of the State were ascertained
by determining their chemical composition, calorific value, physical
properties, and impurities. The relative heating and commercial
values of coal depends largely on the character, relation, and pro-
portion of its chemical constituents. Its ability to stand trans-
portation, and hence to a considerable degree its commercial value,

depends largely on its physical properties. Its relative heating
~ value and its adaptability to special uses is strongly influenced by
the impurities it contains, so that a knowledge of the character
and amount of these impurities is all-important in determining the
commercial value of the coal.

CHEMICAL PROPERTIES.

METHODS OF ANALYSIS.!

Two kinds of analyses were made at the Survey"s laboratory—the
proximate analysis and the ultimate analysis. A proximate analysis

determines by a conventionally standardized process the coal’s’

percentage of moisture, volatile matter, fixed carbon, ash, and

sulphur. An ultimate analysis determines the ultimate constitu- .

ents—hydrogen, carbon, nitrogen, oxygen, sulphur, and ash.
Calorific determinations were made when called for, and the heating
value is expressed in both calories and British thermal units, the
calorie being 1.8 times the British thermal unit. In mines that
are working on the same bed it was customary to take the ordinary
number of samples from each mine and make only a proximate
analysis of each. If these analyses showed no considerable variation
in the composition of the coal an ultimate analysis and a calorimeter
determination were made of a composite sample consisting of equal
amounts from each of the original samples. If the analyses showed
marked differences in ¢omposition, ultimate analyses and calorific
determinations were made of the samples showing the variations
and a composite sample was made of the remaining samples. Various
conditions determined whether a proximate or an ultimate analysis
should be made of a particular sample. Generally speaking, a

1 For a full discussion of the methods of analysis used at the Government laboratory see Prof. Paper
U. S. Geol. Survey No. 48, 1906, pt. 1, pp. 174-195. Also Lord’s paper on air-drying.
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proximate analysis was made of a coal that was weathered or
altered by volcanic action or that was believed to be high in ash, but
an ultimate analysis was made of a coal that was not weathered or
altered and was believed to be a good commercial coal. Ash deter-
minations were made on samples which were believed to contain so
much ash that it was doubtful whether or not the coal they repre-
sented had any economic value.

A large number of mine samples and many samples of washed
and prepared coal contained much more moisture than was inherent
in the coal. In order to compare the heating value of the coal
from a wet part of a mine with that from a dry part, or with that
from a dry mine, or the coal from a washer with dry coal from the
mine, some system of drying the samples to a uniform condition
must be adopted "By continued experiment it was found that
proper compansons can be made by Welghlng the coal in a shallow
galvanized iron tray and drying it in an oven through which a
gentle current of air heated from 10° to 20° above the temperature
of the laboratory is passing until the weight becomes practically
constant. The difference in weight hetween the original sample
and the partly dried sample gives the amount of moisture driven
off by air drying. This process is not intended to produce the same
effect as the exposure of the coal to the air and sun ‘during trans-
portation. It simply appears to be the best method of determining
roughly the amount of moisture loosely held by the coal.

In actual practice analysis is made of the air-dried sample. The
figures given opposite the items ‘‘As received,” ‘‘Dry coal,” and
“Pure coal” are calculated from the analysm of the air-dried sample
and are included in the table for convenience in comparing and
studying the analyses. The figures opposite ‘‘Dry coal” represent
the analysis calculated for the coal when free from moisture; those
opposite ‘‘Pure coal” represent the analysis calculated for the coal
when free from moisture and ash. The term ‘‘pure coal” is somewhat
misleading as the coal so designated includes sulphur, but the term
is used simply on account of its brevity and convenience.

ANALYSES OF THE COALS.

Analyses of samples of coal collected by the writer in Washington
were made at the laboratory of the United States Geological Survey
at Pittsburg, and the results are given in the table on pages 41-75.
Samples 6760 and 6761 were taken by J. S. Diller* in Cowlitz County
in 1904. These were analyzed by W. T. Schaller in the laboratory
of the United States Geological Survey at Washington, D. C. In

1 Diller, J. 8., Coal in Washington near Portland, Oreg.: Bull. U. 8. Geol. Survey No, 260, 1905, pp.
411-412,

91320°—Bull. 474—11——2
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1905 M. R. Campbell® collected mine and carload samples from
the Renton mine, in King County (Nos. 2455, 2456, 2686, 2687), and
the Roslyn mines, in Kittitas County (Nos. 2457, 2458, 3098). Two
mine samples (Nos. 2459 and 2460) were collected by M. R. Campbell
at about the same time from the Carbon Hill mine at Carbonado, the
results of which have not been published but which compare favor-
ably with the analyses of samples collected by the writer from the
same mines and from the same beds. Sample 6487 was collected
in 1908 by J. B. Umpleby from the No. 5 bed at Ravensdale.
Samples 6486, 6488, 6480, 6490, 6491, 6492, 6493, 6494, 6495, and
6496 were collected by J. B. Umpleby at the same time from pros-.
pects and mines in Lewis and Pierce counties. Samples 520-D
and 6485 were collected from Taylor and samples 552-D, 787-D
were obtained by K. M. Way from Carbonade. These samples,
together with those collected by Umpleby, were analyzed at Pitts-
burg, Pa., and the results are given in the accompanying table.
Samples 11736, 11737, and 11738 were collected by George W. Evans
after the completion of the author’s field work from mines that were
not then in operation. Samples of coal from Whatcom and Skagit
counties were analyzed by the Bureau of Naval Equipment,? Wash-
ington, D. C., and are given in the table on page 76 to afford a com-
parison of these coals with the other coals of the State.

In the table the locations of the 'samples are given by township,
range, section, and quarter section. On account of the absence of
accurate maps the locations by section or quarter section of some of
“the prospects sampled may be incorrect, but they are as near as could
. be determined with the means at hand and the knowledge of the
legal subdivisions. Under the column headed ‘ Thickness’’ the total
bed as sampled, including the partings, is given under the heading
“Coal bed.” Coal which was either not exposed or of no commercial
value, underlying or-overlying the part sampled, is not included in
the. thickness given. This thickness minus the thickness. of all the
partings not included in the sample is given in the column headed
“Part sampled.” _

The general opinion of the members of the laboratory staff is that
the methods used for determining the values given in the proximate
analysis are not sufficiently refined to warrant the use of the second
decimal place in recording the results. Therefore those percentages -
which are not directly involved in the ultimate analysis are given to
the nearest tenth. In like manner it is believed that the methods
used in the determination of calorific values are not accurate enough

1 Report of the United States fuel-testing plant at St. Louis, Mo.: Bull. U. 8. Geol. Survey No. 332, 1908,
PP. 272-277.

2 Reports of the efficiency of various coals, 1896 to 1898, and expenses of equipment abroad, 1902-3, and
regent chemical analyses of coal at the navy yard, Washington, D. C., 1906, pp. 5-7, 96-99, 119-121.



CHARACTER AND QUALITY OF THE COAL. * - 19

to justify the use of unit value and hence the amounts of calories are
given to the nearest five and British thermal units are given to the
nearest ten. ‘

EFFECT OF DIFFERENT CONSTITUENTS OF COAL.

In the table under proximate analysis four constituents of the coal
are given and under ultimate analysis five, with ash common to both.
They are as follows: (1) Moisture, (2) volatile matter, (3) fixed car-
bon, (4) ash, (5) sulphur, (6) hydrogen, (7) oxygen, (8) nitrogen, and
(9) carbon. The influence of each constituent is in general as follows:

The moisture in a sample of coal consists of (1) extraneous moisture,
which occurs on the surface of the different particles or grains and
which is the result of seepage from adjoining rocks, water from wash-
ing of the coal for market, precipitation on the coal when exposed to
the open air, or sweating, which is a precipitation of moisture from
warm saturated air coming in contact with relatively cooler coal; (2)
moisture inherent in the coal—that is, residual water from the original
organic matter, or water evolved by chemical change. Moisture is the
constituent which has the greatest effect in reducing the heating value
of the lower grades of coal. This reduction is due to the fact that
moisture is inert and does not produce heat, and that it absorbs heat
from the coal during its rise in temperature to the evaporation point
and during its conversion into steam. It is evident also that for each
unit or per cent of moisture contained in the coal there is one unit
or 1 per cent less of combustible matter which might have been there
if the moisture were absent. By considering this fact alone it becomes
evident that each per cent of moisture decreases the efficiency of the
coal 1 per cent or 20 pounds per ton. In addition to this it should
be noted that the amount of heat required to raise the temperature
of the water from the normal to the boiling point and then to convert,

it into steam is 620 calories of heat for each kilogram of water, or 282
calories per pound, which is equivalent to about 0.035 per cent of the
heating value of a ton of pure coal for every per cent of moisture in
the coal.  In high grade coal the loss due to moisture is very small,
but in low grade coal it is an important quantity. Other conditions
being equal, coal containing 40 per cent of moisture will have about
41.4 per cent less heating value than one which is absolutely free from
moisture. A relatively small percentage of moisture does not mate-
rially affect the adaptability of coal for many uses, but a large
amount, such as that contained in subbituminous coal and lignite,
causes the coal when placed upon a hot fire to swell and crumble to
pieces, so that it can not be used with forced draft without great loss
of fuel and great danger from fires from the hot cinders thrown out
of the smokestack. ’
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The volatile matter * of a coal consists of two parts—(1) combusti-
ble and.(2) noncombustible. That part, of the volatile matter which
unites with oxygen and produces heat is composed chiefly of hydro-

‘carbons, sulphur, and hydrogen.? The hydrocarbons have a heat of

" combustion ranging from about 1.3 to 4 times that of carbon, and there-

fore increase the efficiency of the coal. Other things being equal,
the greater the percentage of combustible volatile matter in a coal
the higher its heating value. The effect of the percentage of hydro-
carbon on the heating value of coal is shown by the well-known fact
that anthracite coal, which contains a relatively small amount of
volatile combustible matter, has a markedly lower heating value

* than semibituminous coal (Pocahontas, New River, etc.), which

contains a much higher percentage of volatile combustible matter.

In the coals of Washington sulphur usually occurs in small quanti-
ties, ranging from a fraction of 1 per cent to 3 per cent. When free
it has a heating value much less than that of carbon, and would there-
fore tend to lower the efficiency of the coal. Free hydrogen has a
heating value more than four times as great as that of carbon. The
presence of this gas in the coal would raise its calorific value.

That part of the volatile matter which does not produce heat and
which is regarded as ‘““inert’’ consists of oxygen and nitrogen. The
effect of these gases is to reduce the heating value of the coal, the
principal effect of the oxygen being, according to Du Long’s formula,
to reduce the hydrogen available for heat by so much as is necessary

to form water with the oxygen present .(H—% ). Nitrogen is believed

to have generally no effect other than to decrease in proportion toits
amount the percentage of combustible matter in the coal, and there-
fore to decrease the total heating value. Oxygen in excess of the
amount which may unite with hydrogen to form water reduces the
heating value because it replaces an equal amount of combustible
matter. (See p. 21.) .

Carbon is the principal combustible in most coal. Other things

- being equal, the higher the amount of fixed carbon the higher the

heating value of the coal up to a certain limit. Carbon has not,
however, so high a heating value as hydrocarbons, and therefore some
coals which have a relatively large amount of hydrocarbons have a
higher efficiency than those which have a large amount of carbon.

"This appears to be true only of coals having a small amount only of

incombustible volatile matter. Those containing less than 55 per
cent of fixed carbon generally have a lower.heating value, due to

1 For discussion of the volatile matter in coal see the report of S. W. Parr, Bull. Illinois State Geol. Survey
No. 3, 1906, pp. 31-49.
2 The occurrence of free hydrogen in coals is believed to be very rare. R.T. Chamberlin (notes on explo-
sive mine gases and dusts, Bull. U. 8. Geol. Survey No. 383,1909, p. 31) reports the - finding of & small amount
of free hydrogen in a gas issuing from a standpipe for anthracite coal near Wilkes Barre, Pa,
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larger quanmmes of other volatile constituents, pr: 1nclpally moisture or
oxygen, otherwise combined in the coal.

Ash is one of the important factors that determine the heating
value of the coal. Tt is generally inert and does not produce or absorb
heat, so that in this respect its effect is negative, Each per cent of
ash in the coal not only replaces 20 pounds per ton of combustible
matter, but means ]ust 20 more pounds of useless material to be
handled, and if the ash is fusible it acts as a positive detriment to the
coal.

The constituents of coal shown in an ultimate analysis have a more
or less definite significance as to its heating value. As stated above,
sulphur tends to decrease the calorific value of the coal, but if it
exists as free sulphur it has a small heating value. The amount of
available hydrogen above the ratio needed to satisfy the oxygen in
the formation of water increases the heating value. The effect of
oxygen, as already stated, is to reduce the heating value. David
White! states that its effect inreducing the heating value is about the
same as that of ash and that oxygen and ash are of nearly equal anti-
calorific importance. Nitrogen is inert and as a diluent reduces the
heating value in proportion to. its amount. Carbon has a heat of
combustion about equal to that of pure anthracite and when not in
combination with oxygen is the principal heat-producing element of
coal.

EASE OF. IGNITION.

Many of the coals of the State of Washington ignite much more
easily than coal from the eastern part of' the United States. A
splinter from almost any of the purer Washington coals can be burned
readily with a match, but the flame produced is usually not self-
sustaining. The coking coal of Pierce County swells and sputters in
the flame and shoots out burning gases in the form of little jets.
Coal samples from Black Diamond, Ravensdale, and Roslyn burn
with a long flame while a match is burning under them, but the flame
dies out very soon after the match is removed. The subbituminous
coals can be burned, but not so readily as the other coals. The coal
from Fuca, Clallam County, is easily ignited, and the flame is self-
sustaining in still air. The low-grade coal from Chehalis will give off
a very dense smoke, but will not burn independent of the match.
The cannel-like coal which occurs in pockets in the Mendota mine
burns very readily and the flame is self-sustaining. ‘This coal gives a
much larger flame and more soot than any other cannel coal with
which the writer is familiar. .

In gener al, those coals which have the larger percentage of volatile
matter in the analysis of the moisture-free sample ignite the more

1 The effect of oxygen in coal: Bull. U, 8. Geol. Survey No. 382, 1909, p. 8.



22 COALS OF THE STATE OF WASHINGTON.

readily. A small fragment of a coal containing about the same pro-

portion of volatile matter as fixed carbon will sustain a flame after it

has been ignited by the flame of a match. The coal from Clallam
County has nearly 10 per cent more volatile matter than fixed carbon.
"The coal from Mendota, already referred to, is believed to have a still

higher proportion of volatile matter. This appears to be the reason

why these coals burn so readily. - The coal occurring near Chehalis

has much more volatile matter than fixed carbon, but the percentage

of moisture is high, and this fact probably accounts for the difficulty

encountered in igniting the gases from the coal. If the moisture

could be driven off, the resulting coal would probably burn easily

when ignited by a match.

PHYSICAL PROPERTIES OF THE CO_ALS.
RESULTS OF PHYSICAL TESTS ON COALS SAMPLED.

The coal of the different groups has certain physical properties
which, taken collectively, serve as a practical basis of considerable
value for determining the character of the coal. The more important
of these properties are as follows:* (a) Color: (1) of the coal, (2) of the
streak, and (3) of the powder; (b) luster; (¢) structure: (1) beds and
(2) joints; (d) texture; (e) fracture; (f) coherence; (¢) adherence
of powder; (k) flexibility; (i) elasticity; (j) hardness; (k) impact;
(D) specific gravity, and (m) mineral accessories. To these properties
may be added those which result from combustion—kind of flame,
. odor of smoke, and character of ash. Tests for most of these physical
properties were made by the writer on about 100 samples during the
field season and on about 20 other samples while in the office.

The color of the coal ranges from pitch black to brownish black.
Anthracite coal and the best grade of bituminous coal are pitch black.
Impure bituminous coal, or bituminous coal with which a large
amount of ash is intimately mixed, and subbituminous coals are
grayish black, although fresh fractures of high-grade subbituminous
coal are pitch black. Lignite has a distinctly brownish tinge. Coal
. from the vicinity of Centralia and Chehalis has only a faint touch of
brown, and the classification of this coal is doubtful because it is very
near the boundary line between low-grade subbituminous coal and
high-grade lignite. No true brown lignite was observed by the writer.

The color of the streak on unglazed porcelain varies from black
through dark brown and reddish brown to a light brown which is
nearly yellow, and its relative blackness appears to indicate approxi-
mately the comparative value of the coal. Anthracite and the highest
grade of bituminous coal have a black streak. Bituminous coal has

1 This list of physical properties is taken from a table made by a committee of geologists of the Uﬁited
States Geological Survey after extended experimentation with coal from all parts of the United States.
The table is issued in pamphlet form for the field use of the members of the Federal Survey.
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a dark-brown streak—the darker the streak the better the coal.
Subbituminous coal and high-grade lignite have a reddish-brown
streak; the darker color is characteristic of subbituminous coal and
the lighter color of high-grade lignite. The change of the reddish-
brown streak from dark to light is approximately in proportion to the
decrease in heating value and the increase in the moisture content of
the coal. The only light<brown streak is given by -the cannel-like
coal which occurs in pockets and lenses in the low-grade subbitu--
minous coal near Centralia. The streak of this coal is'nearly yellow.
In general a large amount of ash intiinately mixed with coal will
produce a lighter streak than that given by a sample of the same
grade of coal which does not contain so much ash. The difference of
intensity of color of the streak of bituminous coal in different parts
of the same bed is possibly due to the presence of ash in varying
proportions.

The color of the powder ranges from black to reddish brown. With
the powder as with the streaks, the degree of blackness seems to
indicate approximately the quality of the coal, and the same general
range of color applies to about the same classes of coal, except that
the color of the powder is never so intense as that of the streak.
Ash affects the color of the powder of bituminous coal much as 1t
affects the color of the streak.

The difference in luster does not seem to follow closely the change
in quality of the coals, although it serves to distinguish certain
classes. With few exceptions anthracite and high-grade coking coals
- have a vitreous luster. Low-grade bituminous coal or coals-having a .

high ash content have a vitreous luster not nearly so.bright as that
of the better grades. Subbituminous coal may have a slightly vitre-
ous luster when freshly fractured, but it becomes dull on weathering.
Coal from the vicinity of Centralia and Chehalis, when freshly frac-
tured, has a dull, slightly satiny luster, which becomes dull and
earthy in a short time. The luster of a fresh surface resembles that
of impure cannel coal.

The bedding does not vary with the character of the coal. The
anthracite and bituminous coals of the State have a bedded and
banded structure. Some of the bituminous coals have a foliated
structure, but this foliation occurs only in regions of extreme folding.
In many places, notably near Centralia and Chehalis, subbltumlnous
coal has massive structure.

The joints of the coal of the different groups are similar within the
group. In the anthracite beds only the major joints are visible.
The coal is considerably crushed in places and has irregular diagonal

_slips.” The joints of the coking coal are very prominently developed,
" and the minor joints are so prominent that it is difficult to distinguish
a system of major joints except where they pass through bony layers
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or extend into the roof or floor. In many places the coal is so badly
broken that it can be easily crushed in the hand.- The noncoking
bituminous coal has well-developed major. joints. The face cleats
(joints), which frequently extend into the roof and floor, are usually
either in the direction of the dip or at a small angle from it, and the
butt cleats are nedrly at right angles to the face cleats. The devel-
opment of the major joints is more prominent in coal low in intrinsic
ash—that is, ash intimately mixed with the coal—than in bony coal.
The major joints range from an inch to about 2 feet apart. These’
are much more prominent in the purer coals, and they are scarcely.
developed at all in the very bony coals. The subbituminous coal is’
generally broken by major joints, but the joints are much farther
apart than in bituminous coal having the same percentage of intrinsic
ash. The face joints are the more perfectly developed and usually .
occur from 6 inches to a foot apart. The butt joints are generally
very poorly developed, as are also the minor joints in the few places
where they are present. The low-grade coal near Centralia and
Chehalis has a system of major joints, in places well developed, cor-
responding approximately to the dip. The joints are usually a foot
or more apart, but may be found only an inch or two apart. The
butt joints are scarcely noticeable, so that the coal breaks with a
sphntery end between the face joints. So far as the writer observed,

minor joints are absent.

The texture of the coal appears to change with the ash content,
and the differences are probably due to the manner of the orlglnal
deposition of the coal. Pure anthracite has a dense texture. Bony
coal associated with anthracite consists of layers of pure coal and of
bony shale which give the whole a laminated texture. Good coking
coal is so minutely jointed that it is difficult to determine the texture,
and noncoking bituminous coal is laminated in proportion to the
amount of intrinsic ash. Subbituminous coal is generally laminated,
although in places the lower grades show a woody texture. The
texture of the coal in the vicinity of Centralia and Chehalis appears,
at a casual glance, to be almost earthy, but close examination shows
it to be slightly woody

The fracture varies considerably, but is generally uniform in the
same group. It appears to vary with the hardness, the amount
of ash, and the amount of moisture. Anthracite has an irregular
conchoidal fracture with very bright faces and sharp edges, which
becomes splinfery where there are bony layers. Bituminous coking
coal has a cubical fracture, which is somewhat hackly where the
joints are oblique. Bituminous noncoking coals have an irregular
fracture which becomes progressively more splintery as the amount
of intrinsic ash present in the coal increases. Subbituminous coals
exhibit irregular conchoidal fracture, the amount of irregularity being’
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about in inverse proportinn to the amount of moisture. The fracture
of the coal near Chebhalis and Centralia is somewhat conchoidal; but
mostly splintery. This coal resembles cannel coal in physical
appearance and this smnlamtv probably explains the character of
the fracture.

The coherence of the coal varies with the amount of ash and the
degree of devolatilization or metamorphism. Coals high in ash are
generally tough. Coals low in ash which have been altered to a good
grade of bituminous or anthracite are generally brittle. Bituminous
coking coal is as a rule very crumbly. Coal low in ash and high in
moisture is generally, but not invariably, tough.

As explained on page 31, the adliesive power of the powder is in
direct proportion to the cokmg quality of the coal. Anthracite coal
doesnot adhere at all. The adhesive power of bituminous coking coal
ranges from medium to good. Many bituminous coals show slight
coking tendencies, and their powder adheres slightly, but they will
not produce commercial coke. The other bituminous coals and the
subbituminous coal give powders which do not adhere, but which pack
to a greater or less degree between the mortar and the pestle.

The elasticity of coal appears to depend both on its hardness and on
the amount of moisture it contains. Anthracite is fairly elastic.
Medium-grade bituminous coal, notably that from Roslyn and the
vicinity of Black Diamond and Bayne, is very elastic. .The pick, if
not properly sharpened and squared, will often rebound from a face
of these coals without cutting at all, and sometimes the strength of
the recoil is very noticeable. High-grade bituminous coal which is
finely jointed does not show elasticity because of the closeness of the
joints and the distribution of the force of impact they effect. The
elasticity of subbituminous coal and lignite probably increases with
the amount of moisture.

The hardness of the coal appears to vary ducctly with the amount
of devolatilization or metamorphism, and inversely with the moisture
content. As a rule the higher the percentage of fixed carbon and the
lower the percentage of ash the harder is the coal; a notable exception
among the Washington coals is that of the I'uca mine, Clallam County.
This coal is somewhat high in moisture and very low in fixed carbon,
which is only 90 per cent of the amount of volatile matter, but fresh
samples compare favorably in hardness with the best grade of bitu-
minous coal in the State.

The character of the impact depends on the hardness and the joint-
ing of the coal. In general, the harder the coal the more metallic
W111 be the impact, and the softer the coal and the more frequent the
joints the duller will be the impact.”

The specific gravity of the coal depends on the amount and kind
of ash, the absence of moisture, the extent of devolatilization, and
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consequently on’ the percentage of fixed carbon.- Anthracite has a
specific gravity at least 10 per cent greater than bituminous coal, and
bituminous coal a somewhat higher specific gravity than subbitu-

niinous coal and lignite. The bituminous coals of the State which are
~ high in ash have a high specific gravity, as is shown by the greater
specific gravity of the bony layers that are separated from the purer
coal by washing. Coal containing a large amount of moisture is low
in specific gravity, because the moisture, which forms a definite part
of the mass, has a lower specifi¢ gravity than the average of the other
constituents of coal which it replaces.

The mineral accessories vary considerably, but none except resin
indicate the character of the coal. Resin was not found in the State
by the writer except in coal that is only slightly altered from its
original state of deposition, such as the low-grade subbituminous coal
of Thurston, Lewis, and Cowlitz counties, and to some extent the
high-grade subbituminous coal of Lewis, Thurston, and King counties.
Sulphur is found in coal of all kinds, from lignite to anthracite; the
largest amount is found in the Fuca coal, which in the sample analyzed
contains 5.97 percent. Inthisbed the sulphuris disseminated through
~ the coal, or occurs as thin lenses of marcasite or pyrite and as ‘‘nigger-
heads” in places several feet in maximum diameter. In the other
coals the sulphur usually occurs in “‘sulphur’ balls and ‘‘nigger-
heads” of varying sizes. The presence of mineral charcoal in the
beds was not observed. : ‘

The character of the flame depends on the amount and character
of the volatile combustible. Anthracite, which has a low percentage
of volatile combustible, burns with a short blue flame, and oxidation
of the combustible matter is practically complete. As a rule the bitu-
minous coal of the State has a high percentage of volatile combustible.
It burns with a long yellow flame and produces a large amount of
" smoke in an ordinary furnace. . Under forced draft it produces a very
high temperature in the uptake. Subbituminous coal and lignite also
have a large percentage of volatile combustible and burn with a long
yellow flame and the accompanying large amount of soot.and smoke.

The odor of the gases resulting from the combustion of anthracite
coal is mostly sulphurous. The prominence of this odor is probably
due to the relatively small percentage of hydrocarbons in the coal.
The odor of gases from bituminous and subbituminous coals is bitu-
minous and is due to their large content of hydrocarbons, although
sulphur frequently occurs in sufficient quantities to be distinctly
noticeable. Lignite gives out, in combustion, an odor between bitumi-
nous and resinous.

The character and amount of ash depend on the amount of the
original ash of the vegetable matter and on the amount of extraneous
mineral matter represented by such impurities as partings, lenses,
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“sulphur”’ balls, and roof and floor rock, which can not be readily
* separated in mining the coal and preparing it for market. Except in
a very few of the high-grade bituminous coals and the low-grade coal
in the vicinity of Chehalis, the amount of ash is generally medium or
high. Coals having a white ash contain only a small amount of iron;
ared ash indicates the presence of a larger quantity. - The tendency of
coal to clinker is believed to be due to the fusibility of the iron in the
ash. Inasmuch as the use of coal for some purposes depends to a
considerable extent on freedom from clinkers, coal having a white or
light-colored ash is preferable to coal formmg darker ashes The
fineness or coarseness of the ash depends to a considerable extent on
the amount of intrinsic ash of the coal; those coals which have a low
percentage of such ash burn completely, leaving a powder, and those
which have a high percentage do not burn completely, but leave what

is called a ““core.”
‘ SUMMARY.

Anthracite coal has the following characteristic physical properties:
Black color, streak, and powder; pitch black, brilliant luster; massive
or bedded structure with only major joints; dense texture; irregular
conchoidal fracture with very bright faces and sharp edges; consid-
erable elasticity; very hard, distinct, metallic ring on impact; high
specific gravity; short blue flame with relatively httle odor and no
smoke on combustion.

Bituminous coal has the following characteristics: Black color and
dark-brown streak and powder; bright vitreous or dull luster; struc-
ture generally banded by layers of slightly different character and
more or less broken by joints; texture locally dense, but usually
banded in proportion to the amount of intimately mixed ash; fracture
varying from cubic through hackly and irregular to splintery; adher-
ence of powder proportional to the coking quality of the coal; elas-
ticity depending on the purity of the coal and the absence of joints;
hardness variable but generally intermediate between that of anthra-
cite and that of subbituminous coal; impact dependent on joints and
less metallic than that of anthracite; specific gravity somewhat less
than that of anthracite and greater than that of subbituminous coal;
long flame and considerable smoke, with a distinctly bituminous odor
on combustion.

Subbituminous coal exhlblts the following characteristic physical
properties : Black color, with a reddish-brown streak and powder; mas-
sive structure, in places slightly bedded and generally free from minor
joints; laminated, woody, or earthy texture; fracture generally con-
choidal, but in some varieties cubical; adherence of powder very slight;
considerable elasticity; hardness in inverse ratio to the moisture con-
tent; dullimpact; low specific.gravity; occasional occurrence of resin;
long yellow, smoky, resinous or bituminous flame on combustion
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and “slacking” on exposure to the air through loss of moisture.
In point of coherences the coal is generally tough, but it may occa-
sionally be brittle. '

Lignite has the following physical properties: Brown color, with -
reddish-brown streak and powder; dull, woody, or earthy luster, in -
places slightly satiny, resembling cannel, when freshly fractured;
massive structure between -partings; structure having only large
joints; fracture generally conchoidal, but locally splintery, resembling
cannel; coherence usually tough; no adherence of powder; elasticity
noticeably high; dull impact; low specific gravity; frequent occur-
rence of resin; long yellow, very sooty and smoky flame on combustion.

EFFECT OF EXPOSURE ON MOISTURE.

)

Coal high in moisture gives up a small percentage of moisture on
“exposure to the air when not kept continually wet by precipitation
or by artificial means. It is also believed that subbituminous coal
and lignite, which have a very large percentage of moisture, give up.
a much larger amount if exposed immediately to dry air or the sun
than they do after standing for some time exposed to mine air or
" moist air or after weathering when not exposed to excessive drying.
 Two samples (Nos. 9089 and 9573) from the upper bench of the
Hannaford mine at Tono were collected from the same face. Sample
No. 9089 was perfectly fresh. It was obtained when the top coal
was being drawn in a room of the lower bench. The can containing
the sample was broken, however, in transit, exposing for only a few
hours the sample to the atmosphere of a small mail sack which was
not exposed to the sun. The coal was then transferred to a new can
and sealed air tight. The work in this room of the mine was aban-
doned soon after the writer’s visit. Nine weeks later a second visit
was made to the mine to obtain another sample. The original chan-
nel from which the first sample was obtained was found intact. Two
inches of the coal to the right of the channel was removed, after which
the second sample (No. 9573) was cut by channeling across this face
in the same manner as before. This sample was exposed to the
mine air about nine weeks and was, therefore, presumably slightly
weathered. The total moisture content, however, of the two samples
was nearly the same, and is about the same as in other samples
obtained in this mine. This indicates that very little moisture evap-
orated from the coal during its exposure to the mine atmosphere.
A computation from the moisture content of the two samples shows
that 23.8 per cent of the total moisture of the first sample (No. 9089)
was retained after air drying, as compared with 66.5 per cent of the
second sample (No. 9573). In the other samples the amount of
moisture retained was as follows: No. 9095, 26.3 per cent; No. 9094,
24.3 per cent; No. 9096, 26.4 per cent. The average of the three is
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.25.7 per cent. In July two cars of run-of-mine coal from the lower
bench were shipped from the mine to Pittsburg, Pa., and the analysis
(No. 8752) ‘of the coal as it reached the laboratory is given in the
accompanying table (p. 75). This analysis shows that 71.9 per cent
of the total moisture which reached the laboratory was retained on
air drying, or 58.7 per cent of the total moisture which left the mine,
which is about 24 times the average held by the mine samples.

M. R. Campbell referred the writer to a similar change which took
place in a car sample of North Dakota lignite collected by him in
1905 and tested at the fuel-testing plant of the United States Geo-
logical Survey at St. Louis, Mo.! In two mine smmples No. 1971
ret%med 15.4 per cent of the total moisture on air drying and No.
1972 retained 20.8 per cent. A car sample contained 68.1 per cent

of its total moisture after air drying, or about 47.3 per cent of the
total moisture it contained before drying in transit and storage.
. Campbell reports that the coal was shipped in a closed car from the
mine to St. Louis, but that all the storage bins were full when it
arrived at the laboratory and the sample was dumped in a pile in the
open air. It had stood exposed to the air for some time when it was
finally analyzed and tested.

The effect of exposure during transportation on carload samples of
the same kind of coal is shown by the test and analyses of the other
samples from North Dakota in the same report. In a mine sample
(No. 1730) 19.5 per cent of the original moisture was retained, but
in the carload sample No. 2365 from the same mine 52.1 per cent
of the moisture content of the coal on arrival at the laboratory, or
42.5 per cent of the content when the coal left the mine, was retained
after air drying. Mine samples Nos. 1935 and 1938 and car sample
No. 2243 were taken from another mine. Sample No. 1935 retained
20.3 per cent and No. 1938 held 20 per cent of the moisture after

air drying. The car sample No. 2243 retained 64.7 per cent of the
moisture that reached the laboratory or 53.5 per cent of the moisture
that left the mine.

The result of these comparisons mdlcates that subbituminous coal
- and lignite which contain a largc amount of moisture give up a greater
percentage of their moisture in the laboratory process of air drying,
if taken from a fresh face and sent immediately from the mine to the
laboratory in air-tight cans, than they do if exposed to the circulation
of air in the mine, or in transit to the laboratory, or in storage while
awaiting analysis.

The conclusion is that upon exposure to the atmosphere in the mine,
in transportation, or in storage, the relation to the coal of at least a
part of the moisture content is so altered that it is not given up read-
ily in the ordinary method of air drying. It is not known whether

t Preliminary report on the’ operations of the fuel-testing plant of the United States Geologlcal Survey
at St. Louis, Mo., 1905; Bull. U. S. Geol. Survey No. 290, 1906, p. 135. :
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this is a physical or a chemical change. Itis hoped that experimenta-
tion will be carried on which Wlll determine the character of this
alteration.

Inasmuch as the amount of weathering and the amount of moisture
retained by the weathered sample will vary with an innumerable
combination of conditions, the only uniformity in the air-drying loss
of low-grade coal will be found in samples from unweathered coal
~ analyzed as soon as received at the laboratory. The air contained in

the interstices of the coal in the can probably has some effect on the
moisture,-but if the sample is ground in the mine so as to pass through
a %-inch to $-inch mesh and packed in the can the amount of air is
reduced nearly to a minimum. A finer reduction of the fragments
would probably allow the air in the pore spaces to affect the finer par-
ticles more readily, since the mass of a fragment is much smaller in
" proportion to its diameter and the surface exposed to the air is much
- greater in proportion to the mass in small pieces of coal than in large
pieces. A mixture of large pieces with the spaces packed with smaller
fragments would be the best way of reducing the effect of the air to a
minimum, but this method would not produce a representative sam-
ple and consequently should not be used.
Samples of coal high in moisture, analyzed in commerclal labora--
tories, show con51derable variation in the amount of moisture from
the same mine, due probably to different methods of sampling, to dry-
-ing in transit, and to alteration of the relation of the moisture to the
,coal by exposure to the air—all causes which may be ultimately re-
duced to lack of uniformity in the methods of sampling and trans-
portation to the laboratory. Discrepancies are generally due to the
following circumstances: (1) Samples are not taken from fresh faces
of unweathered coal; (2) samples are not cut uniformly from the face
of the coal; (3) the coal is not ground and sealed in the mine or under
atmospheric conditions similar to those existing at the face where the
sample was taken; (4) the coal is not always ground and sealed imme-
diately after being cut and is frequently exposed to the air for a con-
siderable length of time; (5) the coal is not always pulverized to the
same size and thoroughly mixed, quartered, and packed in an air-
tight can; (6) the sample is not always sealed in an air-tight can
packed full, but is frequently shipped to the laboratory in a box
or sack which admits of more or less circulation of the atmosphere;
(7) the sample is not always sent so as to reach the laboratory in the
shortest possible time and is therefore exposed to the air for varying
- lengths of time; (8) the coal is not always analyzed as soon as it reaches
the laboratory. It is hoped that in the future commercial samples
will be taken by the method herein described, so that the results will
be mutually comparable, as well as comparable with the Government
work.
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MORTARS AND PESTLES.

A. Showing adherence of powder of coal from the Roslyn bed at Clealum, Kittitas County.
B. Showing adherence of powder of coal from the Roslyn bed at Beekman, Kittitas County.
(. Showing poor adherence of powder of noncoking bituminous coals.

D. Showing adherence of powder ot the best coking coals of Washington

E. Showing adherence of powder of Pocahontas (West Virginia) coal.
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COKING COAL OF \VASI-III{GTON BY PISHEL TEST.

" M. A. Pishel found by experimentation on a large number of sam-
ples of coal from different parts of the United States that the best cok-
ing coal, when finely pulverized in an agate mortar, adheres very
strongly both to the mortar and to the pestle and can be removed
only by rubbing or washing, and that noncoking coal does not adhere
either to the mortar or to the pestle. This test was applied to nearly
all the coals sampled by the writer. In making the test a dry sample
is selected from each bench in the bed, or from each part of a bench
if the bed is not uniform. A small quantity of the coal is pulverized
in a mortar until it will pass through a 100-mesh sieve, and after the
_ pulverized coal has been poured from the mortar the amount and char-
acter of the adhesion of the powder to the pestle and the mortar are
observed. Stages of adhesion range from that of a deep covering of
greasy or gummy powder, resembling iron filings clustered on the poles
of a magnet, which adheres so strongly to the surface that it can bere-
moved with difficulty, to that of thin films of powder which will
scarcely soil the finger. Between these two extremes was found to
be complete gradation. Coal which adhered fairly well was found to
produce a fair grade of coke. Coal which adhered only slightly
formed a poorer grade of coke and then only under the most favorable
conditions for coking. The scale of adhesion given by Pishel in de-
scribing his test is used in Table 3 of this report. By this scale coking
coals are graded in respect to coking qualities as poor, medium, good,
and excellent. ‘ ,

The author experimented while in the field with mortars of dif-
ferent composition to ascertain if possible whether the coal would
adhere to substances other than agate. Porcelain, glass, earthen-
ware, and iron mortars were used, and the powder of coking coal ad-
hered to all; the powder adhered to a piece of flat glass just as well
as to the mortar, but it was more difficult to reduce the powder to the
proper degree of fineness on the flat surface. It appears that a
powder must be of a certain degree of fineness in order to show the
property of adhesion. Pocahontas (W.Va.) coal, powdered both on
smooth and rough surfaces, was found to adhereprovided the surface
was not too soft or too rough to admit of the reduction of the particles
to the proper size. In general a hard smooth surface is preferable,
because the use of such a surface insures a ﬁner and more uniform
powder. (See Pl. II.)

The following table shows the results of the tests on the bituminous
‘coals of Washmgton examined and on a sample of Pocahontas coal
from Virginia:

1 A practical test for coking coals: Econ. Geology, vol. 3, 1908, pp. 265-274,
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IMPURITIES.

The impurities which have the most important effect upon the
quality and commercial value of the Washington coals are sulphur,
moisture, and ash.

SULPHUR.

The amount of sulphur in the coal of this State is generally very
small.- Ounly a few samples show more than 2 per cent. The sulphur
is either disseminated through the main mass of the coal, or occurs
in the form of lenses, nodules, and irregular masses of marcasite or
pyrite. In the latter form the marcasite or pyrite is associated
with other minerals, such as silica and iron, and is considered as
ash when its amount is too small to be easily removed in preparing
the coal for the market.

MOISTURE.

Moisture is present in amounts depending on the metamorphism
of the coal. Anthracite has very little moisture. Bituminous coal
has from 2 to 12 per cent, about half of which is given up on .air
drying. Subbituminous coal has from 9 to 25 per cent of moisture,
and gives up from one-third to three-fourths of this when air-dried.
As a general rule coal that is high in moisture slacks on exposure to
air and sparks readily under forced draft. It is therefore of much
less commercial value than coal that is low in moisture.

ASH.

The amount of ash in a coal and its condition and origin have
very great effects both on the preparation of the coal for use and on
its market value, and accordingly the cost of reducing the amount of
ash in a coal as it is mined is one of the most important factors in
determining the economic value of a coal bed. Washington coal
as it comes from the mine has a large amount of ash, due to varying
combinations of inorganic material derived from the vegetable matter
from which the coal was formed, extraneous material which became
mixed more or less intimately with the carbonaceous material during
accumulation, vein material deposited after the coal was formed,
and broken or shaly roof or floor material that ‘““slacks,” scales off,
or mixes with the coal in mining. '

The ash derived from the vegetal material which formed the
coal consists of the remains of the organisms contributary to the
formation of the coal, and it may be termed ‘‘ original’’ or ““residual.”
Those plants which contain a large amount of inorganic material will
tend to produce a coal of high ash content, other conditions being
equal.
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Addition to the residual ash is brought about by several processes
~and conditions. The rate of accumulation of the layers of peat from
which the coal was formed is one of the factors. If a layer 1 inch
thick accumulates in so short a time that the organic matter does not
have a chance to decay, the resulting coal will be lower in ash than
if the layer had resulted from a relatively long per iod of accumulation
and far advanced decay.

- Ash that is more or less mtlmately mixed w1th the coal but not.
derived from the original organic débris is either of eolian origin
or has been laid down as sediment or deposited from solution. In
some places ash of this kind has been deposited in the form of minute
veins by precipitation from mineralized waters after the coal was
formed. Many beds of peat, such as those of the northern part of
Jowa and those of the salt marshes bordering the Atlantic coast,
contain a large amount of ash in the form of dust or sand derived
from the adjoining regions. The amount of meteoric material
included in coal depends on the length of time required for the
deposition of the organic material; on whether climatic, physio-
graphic, and geologic conditions of the adjoining region were favor-
able to slow or rapid formation of dust or sand; and on whether
meteoric conditions were favorable to the transportation of dust to
* the bog or marsh in which the coal measures were forming.

The intimately mixed ash resulting from sedimentation is brought
from adjacent land areas by surface waters. This sediment is
usually very fine and is deposited as silt in the interstices between
the fragments of organic material as they accumulate in the bog or
marsh. A very small amount of this extraneous matter is not visible
in coal, but larger amounts produce the various stages of impure
coal, bony coal, bone, carbonaceous shale, and-the like.

Incoming water carries in solution varying quantities of mineral
matter. -If the water of the bog or marsh is not drained off, but
1s removed by evaporation, the minerals will sooner or later reach
their saturation point and will be precipitated forming nrinerals
that mix with the particles of oxgamc material and form a part of
the ash.

The ash that is separate from the coal occurs as partings, lenses,
nodules, concretions, and veins, It originates at the time of the
formation of the coal, in part from eolian or meteoric dust or sand,
- but principally from mineral matter dissolved or suspéended in water.
It may also be formed in the bed after the organic material has been
deposited during the different stages in the alteration of the coal.

If at any time in the formation of a coal bed conditions are such
that the organic material in the bog or marsh decays completely, the
ash of the bed will accumulate in a layer free from carbonaceous mat-
ter. 'This layer will be a parting in the bed if it is not removed before
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the further deposition of the coal-forming substances. If conditions
for a short time allow the carrying of extraneous material into the
area of accumulation greatly in excess of the rate of formation of
the coal, it will be deposited in a layer or lens in the coal.

In places small veins of calcite, selenite, quartz, or other minerals
occur in the coal. These veins probably originate by deposition
from mineralized water in the joints of the coal at some stage in its

" devolatilization or development. In the State of Washington veins
of calcite up to half an inch in thickness occur in the lower part of
the bed No. 2 at the La,dd mine (p. 160). Ash also occurs in the
form of nodules, such as mggerheads and “sulphur” balls. The
mode of origin of these nodules is not known, although it is believed
that they were formed during the deposition or subsequent to the
formation of the coal. They vary from a fraction of an inch to several
feet in maximum diameter. Several layers of this material occur in
the Roslyn bed as definite partings and extend for some distance.
The great specific gravity of impurities of this kind, together with

- their other physical characteristics, makes it possible to separate

- them from the lighter coal by washing and from the lump coal by
picking.

The amount of ash in commercial coal depends to a large e\tent
on the character of the roof and floor and the amount and prominence
of the joints. In some of the mines in the area of low-grade coal in
Thurston, Lewis, and Cowlitz counties the rocks overlying and
underlying the beds are very poorly indurated and are consequently
mixed with the coal in mining. In some places the rocks are indu-
rated, but they disintegrate on exposure and break off in slabs which

_mingle with the coal. Unless great care is taken to remove this
extraneous material, the amount of ash is likely to be so large as to
materially reduce the value of the commercial coal. In the areas of
high-grade bituminous coking coals the coal is minutely jointed.
The joints affect not only the coal, but many of the partings, and
frequently the roof and floor, so that it requires the most refined
methods of washing to remove the impurities that become mixed with
the coal during the process of mining.

With very few exceptions, the Washington coal beds contain one
or more partings of sand, shale, or clay, some of which material mixes
with the coal in mining and therefore increases the ash in the com-
mercial coal.- The percentages of ash in the analyses accompanying .
this report are almost invariably higher than they would have been
if clean coal had been taken. The partings are either too thin to be
removed economically or they resemble the coal so closely in phys-
ical properties that they can not be completely separated by any
method so far devised.
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COMPARATIVE QUALITY AND DISTRIBUTION OF THE COALS.

The coal of the State ranges from low-grade subbituminous to
anthracite. In general, variation in the character and quality of
the coals is regional rather than local, although many of the beds
are locally burned out or altered to coke. In his reports on Wash-
ington coal, Willis * makes the following statement regarding the coal
in the Green River district near Black Diamond: ‘“Beyond the area
of this mechanical influence the coal changes into lignite by transi-
tion within a single bed.”” The name of the bed concerning which
this statement was made is not given. The writer looked for evi-
dence to verifly this statement while in the field, but was unable to
find any. It seems possible from Willis’s report that he considered
that the subbituminous bed at Danville might be the continuation of
the McKay bed at Black Diamond. . The identity of these two beds
has not been established, and at present all the evidence available
points to the conclusion that they are different beds. In general,
anthracite and bituminous coal occur nearer the main axis of the
Cascade Mountains, and subbituminous coal occurs farther from the
range and nearer the center of the Puget Sound depression. In the
depression between Puget Sound and Columbia River the coal is sub-
bituminous. None of the coals at the mines and prospects visited
by the writer were typical brown lignite. The coal at the Union
Coal Co.’s mine, near Littell, and that in Cowlitz County are brown-
ish black in color, and probably they are nearest to true lignite. The
coal at the Hannaford mine, at Tono, is the only distinctly subbitu-
minous coal in the district. The Mendota coal is on the border line
between the two groups, but should probably be classed as a low-
grade subbituminous coal. It is slightly brownish black, contains
much more moisture than the average subbituminous coal, and much
less moisture than the lignite of North Dakota. In the western part
of King County subbituminous coal occurs in an area lying between
Renton, Danville, and sec. 13, T. 24 N., R. 6 E. This coal is grayish
black, contains a large amount of moisture, and slacks when exposed
to the direct rays of the sun. East of this area and south of Snoqual-
mie River, in King County, most of the coal is bituminous except
where 1t is altered locally by igneous action to coke. At Kummer,
south of Franklin, several beds contain a large amount of moisture
and slack on exposure to the sun. The coal of Kittitas and Pierce
counties is bituminous. In Pierce County the coal from the lower
part of the formation carries less ash and has a greater heating value
than that from beds higher in the formation. The bituminous coal

1Willis, Bailey, Some coal fields of Puget Sound: Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 3,
1898, p. 402, and Willis, Bailey, and Smith, G. O., 'Tacoma folio (No. 54), Geol. Atlas U. S., U. S. Geol.
Survey, 1899. -
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at Ladd appears to be the southward continuation of the bituminous
area of Pierce County. The coal of Clallam County has been described
in prev1ous reports as lignite, but the coal of that area with which the
writer is familiar lacks the physwal properties of hgmte and should
be classed as bituminous. It is possible, however, that coal from
other beds in the district is subbituminous or even lignite. The coal
of the Bellingham and-Skagit River regions is reported much jointed,
very friable, and so high in fixed carbon that it is considered a very
good grade of bituminous or, possibly, semibituminous coal. Speci-
mens of coal from Skagit County, which the writer saw at the Alaska-
Yukon-Pacific Exposition, indicated that it was nearer semibitumi-
nous than any other coal seen in the State. The anthracite district
at the head of Cowlitz River, in Lewis County, is the only one visited
" by the writer, although a second anthracite area’is reported on Glacwl
Creek, near Mount Bakel in Whatcom County.

COMMERCIAL USE OF THE COAL.

The commercial value of the Washington coal depends chiefly on-
the composition of the particular coals and on the distance of the mine
from markets.

The anthracite is not used at the present time for lack of trans-
portation facilities. The demand for anthracite for domesti¢ use is
great, but the prevailing price is so high that the better grades of
bituminous coal must be utilized instead. ,

The bituminous coal has various uses. The coals from the McKay
field in King County, from Pittsburg and the. easternmost beds at
South Willis, from beds Nos. 3 and 4 at Ladd, and from the Roslyn
bed at Clealum and Roslyn are free burning and noncoking. They
burn rapidly and produce a very hot fire, but the fire must be fed
more frequently and with smaller quantities of coal than when cok-
ing coal is used. Coals of this type that are not too high in ash have
a good heating value, and are valuable for domestic use and for gen-
erating steam, and the Roslyn coal is used extensively in the eastern
part of the State. The coals from the remainder of the eastern part
of King County, from the rest of Pierce County, from bed No. 2 at
Ladd, from Cokedale, in Skagit County, and from the west end of
the Roslyn field coke to a greater or less degree. Coal from Coke-
dale, Snoqualmie, Burnett, Wilkeson, Carbonado, Fairfax, Monte-
zuma, and bed No. 2 at Ladd have been used for coking, and at the
present time practically the entire output of the Wilkeson, Fairfax,
and Montezuma mines is being used in the manufacture of metallurgi-
cal and foundry coke. Coke of various grades has been made from
the other coals, and those that have not been coked show fair coking
tendencies by the Pishel test. (See p.31.) All these coals are high
in volatile matter and produce a hot fire; they ignite easily and, on
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account of their coking tendencies, hold the fire much longer than
the free-burning coals. They are used very generally for domestic
Jpurposes and for generating steam. The coal from Burnett, Wilke-
~son, Carbonado, the west end of the Roslyn field, and scveral other
places in the region is used to a considerable extent in the manufac-
ture of illuminating gas. Some of the coal, notably the washed coal
from Wilkeson, Fairfax, and Montezuma, is used in blacksmithing,
but the finer I\mds of Weldmo are done with coal imported from the
Eastern States.

Experiments on both classes of bituminous coal, designed to test
their suitability for naval use, indicate that their content of volatile
combustible matter is too high to permit their use in the boilers now
in service, because they produce too high temperature in the uptake
and an excessive amount of soot. The introduction of furnaces that
will consume the gases before they leave the combustion chamber
might make possible the employment of many of these coals on naval
vessels. They are now used by Pacific steamships whose require-
ments are not so exacting as those of the Navy, by railroads, and
for domestic and commercial purposes.

Subbituminous coal is produced in the vicinity of Issaquah, New-

castle, Renton, Cedar Mountain, and Danville, in King County, and
near Tono, in Thurston County. On account of the large amount of
moisture in this kind of coal, it swells and crumbles readily when
placed on a fire. With forced draft, the pieces resulting from the
crumbling are blown out with the smoke in considerable qliantities,
so that much of the fuel is wasted and in inflammable structures con-
siderable risk of fire is entailed. Owing to the high percentage of:
combustible volatile matter in the coal, a large amount of soot is
formed and the temperature in the uptake is rathcr high. This coal
is used mainly for domestic purposes, or by steam boilers havmo'
natural draft. A fire made with this coal in furnaces and stoves is
very hot when there is sufficient natural draft but cools very rapidly
when the supply of air is shut off. As a rule the coal does not hold
a fire nearly so long as bituminous coal: Subbituminous coal is used
by some of the steamships of the Pacific Coast Steamship Co., and
to some extent by railroads, besides supplying the domestic and com-
mercial needs of the cities and towns near Puget Sound.

Thelow-gradesubbituminous coal from Thurston, Lewis, and Cowlitz
counties is high in moisture and crumbles readily when exposed to
the sun or air. It must be used within a short time after it is brought
from the mine or it will crumble to pieces and fall through the grate.
When placed upon a hot fire; it crumbles and swells very rapidly,

" and forms a great many sparks. Owing to the high percentage of
volatile combustible matter contained in it a great deal of soot is
formed unless proper precautions are taken to assure the complete
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combustion of the gases. The great amount of moisture in this coal
gives it a lower heating value than the other coals in the State, and
consequently it is not in very great demand except where better coal
is scarce and high in price. Most of this coal is used by the local
trade or is shipped south, away from the centers of mining of the
coal of better grades. It is used almost entirely for domestic pur-
poses and for stationary boilers with natural draft.

The rapid growth in the utilization of producer gas for the genera-
tion of power is opening a way for the use of low-grade subbitumi-
nous coal and lignite. Campbell* sets forth the value of these low-
grade coals in the production of producer gas, and points out as
essential features the facts that low-grade coal yields practically
double or more than double the amount of power in the producer that
it will yield in a steam plant, and that low-grade fuels, such as North
Dakota and Texas lignite and Florida peat, yield more power in the
producer than the best West Virginia coal under the ordinary type of
steam boiler. These experimental results make it hopeful that it will
soon be possible to build and conduct producer plants satisfactorily
on a commercial scale. Low-grade coal, which now is disposed of
with difficulty, will then find a ready market.

1 Campbell, M. R., Recent improvements in the utilization of coal: Econ. Geology, vol. 2,April-May,
1907.
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Proximate analyses of coal samples from Whatcom and Skagit counties, Wash.

[Analyzed by Bureau of Equipment of the Navy Department, Washington, D. C.)

Condition of sam- | Mois- | Volatile | Fixed
Place. ple. ture. | matter. | carbon. { ASB- [Sulphur.
Blue Canyon, T. 35 N., R. 5E. .| Asreceived....... 0.310 ’ 22.265 62. 395 14. 885 0.145
Cokedale, Fairhaven:
T. 35N R.5E 2.980 35.030 59. 980 2.010 . 202
T.37N,R.4E 1.790 31.479 62.744 3.679 .308

DETAILED DESCRIPTIONS OF MINES, SAMPLES, AND
COALS.!

‘DISTRIBUTICN OF MINES.

The general dlstrlbutlon of the mining districts and the locations
of the mines and prospects from which samples .were obtained are
shown on the accompanying map (Pl III), which is based on the
General Land Office map of the State with corrections and addi-
tions from the topographic atlas sheets of the United States Geo-
logical Survey. The numbers of the mines and prospects refer to
the numbers in the list of mines and prospects given at the edge of
the map. The system of railroads shows the connections between
mines, centers of consumption, and tidewater shipping points.

ORDER OF DESCRIPTION.

Tt has been the custom in reports on the coal of the State to group
the mines according to the counties in which they occur, and the
county will be the unit used in the publications contemplated by
the State Geological Survey. Therefore the mines and the samples
are here arranged and discussed in the same manner, the counties
being considered in alphabetic order. The mines and prospects in Kit-
titas County have been discussed from west to east, in Pierce County
from north to south, in Lewis County from east to west, and in
Thurston County from south to north. Those in King County are
arranged nearly in the order of a rude circle beginning near Grand

- Ridge and passing through Renton, Black Diamond, Bayne, and Tay-

lor to Snoqualmie. The parts sampled are indicated in the sec-

tion by an asterisk (*), a dagger (1), or by the insertion of the
sample number.

1 Samples were taken from all the working mines in the State except those at Park, Whatcom County,
and at Kopiah, Lewis County. The Blue Canyon mine of the Whatcom County Coal Co. at Park has
been in operation for many years. This coal has been repeatedly analyzed and its character is well
known. A visit to the mine of the Wilson Coal Co. at Kopiah was made by the writer, but admission to
the mine was refused. In Cowlitz County there are several small mines which the writer was unable to
visit and sample because the funds avalable for this investigation were exhausted. Considerable
development work has been done at different periods in Skagit County, but no mines are at present in
operation there because of the great number of faults and the lenticular character of the coal beds.
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LIST OF MINES

FUCA
PROSPECT
GRAND RIDGE
ISSAQUAR
SUPERIOR

FORD AND BAGLEY .
DENNY-RENTON
RENTON
DANVILLE ,
10 RAVENSDALE NO. 1
11 McKAY ‘
MORGAN
BLACK DIAMOND NO. 14
LAWSON
SURFACE EXPOSURE
KUMMER
GEM
SURFACE EXPOSURE
ROSE-MARSHALL
INDEPENDENT
SUNSET
NAVAL
EUREKA
BAYNE
CARBON
PROSPECT DRIFT
- OCCIDENTAL
BIG SIX
SURFACE EXPOSURE
30 PROSPECT SHAFT
31 PROSPECT DRIFT
32 DENNY-RENTON

33 PROSPECT

.34 PROSPECT
35 NIBLACK

36 LAKEDALE

37 BEEKMAN

38 BUSY BEE

39 PATRICK-MACKAY
40 SURFACE EXPOSURE
41 ROSLYN NO. 3

42 ROSLYN NO. 2

43 K. & E

44 ROSLYN- NO..4

45 ROSLYN NO. 5

46 ROSLYN NO. 7

47 SUMMIT
48 CLE ELUM NO. ;

48 - PROSPECT

50 PROSPECT

51 PROSPECT

52 SURFACE EXPOSURE
53 EAST CREEK-LADD
54 MENDOTA

55 RICHMOND

56 SUPERIOR NO. 1
57 SUPERICR NO. 2
58 TWIN CITY

59 CHEHALIS

60 SHELDON

.61 CRESCENT

62 BURNETT

63 BLACK CARBON
64 PITTSBURG

65 WILKESON

66 GALE CREEK
67 WILLIS

68 SNELL

69 BRIER HILL

76 CARBON HILL
77 MELMONT

72 FAIRFAX
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CLALLAM COUNTY.

The coal fields of Clallam County were studied by Ralph Arnold
in 1904 and are described by him in two reports.!.
 The only mine at present operating is situated in the Clallam Bay
field east of the town of Clallam. Most of the work being done at
‘the time of the writer’s visit was for the purpose of development.
The analysis given by Arnold of the coal from Clallam was prob-
ably that of a sample taken from another bed than that which is
mined at the present time. The sample collected by the writer was
obtained in February, 1910.
' FUCA.

Fuca, a drift mine 6 miles east of Clallam on the shore of the strait
of San Juan de Fuca. No. 1.7

Operator: Clallam Coal Co., Seattle, Wash. -

Kind of coal: Bituminous.

Coal beds.—Several coal beds are reported as occurring in this
vicinity, but only one is being developed.: An exposure higher on
the hill but on a bed underlying the one now being mined is reported,
but it was not sampled. The beds strike nearly north and south
and dip about 60° W. The bed now being mined, believed to be

the middle one of the three referred to by Arnold in his reports,

occurs in conglomerate containing pebbles up to 1 inch in diameter.

The mine is situated on the face of a very steep sea cliff which rises:

sharply from the water’s edge to a height of about 400 feet. The
entrance to the mine is about 50 feet above low tide. The gangway
has been driven on the strike of the bed to a distance of about 450
feet: A small fault was encountered which offset the bed a few
feet. Practically all the coal between the level of the gangway and
the surface has been worked out. The bed varies in_thickness from
1 foot, 6 inches to0.2 feet 6 inches, the average being about 1 foot 10
inches. At several places in the mine lenses of coal from 5 to 50
feet long. and varying up to 2 feet in thickness have been found
beneath the main bed and separated from it by several inches of
shale. The coal bed is so thin that a large amount of rock work is
necessary. In the gangway about 4 feet of the roof is brushed

down for head room. ' The following section was measured where

the samplé was obtained:

Section of coal bed in Fuca mine.
No. 10080. )

Sandstone. . Tt. in.
Shale......oo 234
*Coal.. ... 111
Shale..... A {to 9 7

Sandstone.
Coal bed - ..eei e e 1 11

! Coal in Clallam County, Wash.: Bull. U. 8. Geol. Survey No. 260, 1905, pp. 413-421; Geological recon-
naissance of the coast of the Olympic Peninsula, Washington: Bull. Geol. Soc. America, vol. 17, 1906,
pPD. 451-468, pls. 55-58. .

2 Numbers refer to location on the map, P1. II1.
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Preparation for market —A bunker of 100 tons ca,pamty has been
erected at the entrance to the mine. (See Pl IV, A.) It extends
over the water at high tide about 40 feet, and the coal can be loaded
from it into barges when the water is not too rough. The coal is
passed over l-inch and 4-inch bar screens. The oversize from the
larger screen is hand-picked to remove “sulphur’ balls and shale
from the roof and floor, and the undersize is washed.in & home-made
jig to remove the fine shale produced in mining. ’
Sample for analysis. —Sample 10030 was taken at a point about 100
feet above the gangway in chute 6, about 400 feet from the entrance
of the mine. The sandstone both above and below the coal bed is
massive and very resistant and makes an excellent roof and floor.
- The shale immediately overlying the coal does not adliere to it and
“does not come down in mining; the shale underlying the coal is used
as a “‘mining”’ * and must be separated from the fine coal by picking
and washing. The analysis of this sample is given on page 41.
Character and quality of the coal.—The coal is pitch black, very hard,
and brittle, and has a vitreous luster. It is massive and laminated
and breaks with an irregular splintery and conchoidal fracture.
Although it contains nearly as much moisture as subbituminous coal,
it gives off little on exposure to the air and hence does not air slack.
It contains about the same amount of ash as the subbituminous coal
of Renton and Coal Creek. The percentage of sulphur is higher than
in any of the other coals described in this report, owing to the occur-
rence of many minute lenses of marcasite or pyrite disseminated
through the main mass of the coal. The bed contains many nodules
of pyrite, from 1 inch to several feet in length, which can be readily
separated from the coal by picking and washing. The amount. of
sulphur in the coal in different parts of the bed varies considerably,
according to the relative abundance or scarcity of the larger pyrite
nodules. In many places the amount of sulphur in the coal may be
as low as 2 per cent, and elsewhere as high as 10 per cent. It will be
noticed from the analys1s that the percentage of fixed carbon is con-
siderably less than-that of the volatile matter, the actual ratio of the
two being about 9 to 10, a proportion suggestive of that which charac-
 terizes cannel coal. A splmter of the coal can be ignited with a match

about as readlly as cannel from the eastern part of the United States.
* The coal is different in its characteristics from any other coal in the
State or any other coal with which the writer is familiar. Although
it resembles subbituminous coal in moisture content and heatmg
value, it should be classed as bituminous coal on account of its ability
to stand transportation without disintegration.

1 ‘“Mining’” is a term used in coal mining to indicate a soft layer on which work is begun in opening a
bed.



U. 8. GEOLQGICAL SURVEY BULLETIN 474 PLATE IV

s
s 5
]

WL I 7

o ——
T

A. BUNKER OF THE CLALLAM COAL CO., AT FUCA, B. EXPOSURES OF BEDS OF ANTHRACITE ON SUMMIT
CLALLAM COUNTY, AT LOW TIDE. CREEK, LEWIS COUNTY.
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COWLITZ COUNTY.

The coal fields of Cowlitz County are not very well known on
account of the dense surface covering and the scanty outcrops. Coal
has been reported at several places along the Northern Pacific Rail-
way in the western part of the county, especially in the vicinity of
Castle Rock and Kelso, and several small mines, opened to supply
local trade, have been operated periodically for several years. The
location of some mines and prospects and a short discussion of the
geology of the district has been given by Henry Landes.!

In 1904, J. 8. Diller ? visited a mine (No. 81) on Coal Creek 12 miles
west of Kelso, a few miles from a slough leading to Columbia River.
The following description is taken from his report:

The coal bed is 6 to 7 feet in thickness, with two small partings of sand. The top
bench has 12 to 18 inches of bony coal, the middle bench 2} feet of better quality,
and the lower bench 18 inches of coal in part good. The coal bed is overlam by soft
sandstone.

In the mine the coal looks bright, but on exposureit loses its luster, cracks somewhat,
and pfutially slacks. Some part of it is well banded and contains small pieces of
fossil resin.

Two specimens were taken for analysis, one from the m1ddle (No. 6760) and the other
(No. 6761) from the lower bench.

[The analyses of these samples as made in the United States Geologlcal Survey
laboratory by W. T. Schaller are given on page 41.]

Mr .Schaller reports that— :

“The bottle containing No. 6761 was broken when received at the laboratory. A
moisture determination of the coarsely ground sample gave 17.79 per cent, showing
that the coal had-lost moisture in transit, due to the bottle being broken. For this
reason no data are given for the coarsely ground No. 6761 sample.

An aluminum sulphate occurs on thie joint planes of 6761. The values for vola.tlle
combustible matter, fixed carbon, and ash in the coarsely ground No. 6760 are calcu-
lated from the corresponding figures of the finely ground sample.”

The high percentage of water, ash, and sulphur present are all against its utility.
The coal was used in running the engine of the mine and appeared to burn well, but
as to later developments in the mine no information is at hand.

The bed of coal is interstratified with a lot of shales and shaly sandstones well
exposed along Coal Creck near the mine. The strike of these beds near the mine is
northwest-southeast, with a dip of about 15° SW., and it seems probable that if-the coal
ontrial provesof sufficient value to work it could be traced tohigher ground where gravity

. would be of greater service in opemting the mine. There are igneous rocks cutting
the coal-bearing beds in that region and the strata are faulted locally, but neither
igneous rocks nor faults were seen near the mine.

, To judge from the above description of the coal it resembles the

lower grade of coal in the vicinity of Centralia and Chehalis, in Lewis
County, although it is considerably higher in its sulphur content.

! Landes, Henry: Ann. Rept. Washington Geol. Survey, vol. 1,1901, pp. 279-281; vol. 2, 1902, pp. 255-257.
7 Diller, J. 8., Coal in Washington near Portlaud Oreg.: Bull. U. 8. Geol. Survey No. 260, 1905, pp.
411-412, "
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KING COUNTY.
GENERAL DESCRIPTION.

The extent of the coal fields of King County is not well known.
The surface is covered by dense timber and undergrowth (P1. V) and
by gravel and glacial drift (P1. VI, 4) so that it is very difficult to
trace the outcrops of the formations (Pl. VI, B), and the character
‘of the rocks is so variable and the quality of the coal so different
within short distances that it is almost impossible to correlate coal
beds on these criteria. Variations in quality of the coal from subbitu-
minous to bituminous are regional rather than local, except where the
beds have been altered by volcanic action. No coal bed so far as
known can be said to be subbituminous in one part of a field and bitu-
minous in another part. Both bituminous and subbituminous beds
are constant in character within the fields in which they are known to
occur, but variations in the character of coal of adjoining fields believed
to be closely associated are often very marked. It is believed that
‘the detailed work performed by the State Geological Survey.during
the summer and autumn of 1909 will do much toward eSt‘tbllShlnﬂr
the correlation of the beds in different parts of the county.

The samples taken from this county were collected at different
times between July, 1909, and January, 1910, but mostly during the
months of July, August, and September. Several samples obtained
by other collectors from the mines at Renton, Taylor, and Ravensdale
in the last few years have been analyzed by the United States Geo-
logical Sur vey, and the analyses of these samples are given as a means
of comparlson with those taken by the writer. :

Gas is present in many of the mines of this county. In the mines
at Black Diamond it is so abundant as to necessitate the use of safety
lamps in all the workings. * It occurs in small quantities in the sub-
bituminous coal at Coal Creek, but chiefly in the bituminous coal
nearer the main crest of the Cascade Mountains.

PROSPECT NORTH OF ISSAQUAH.

A prospect shaft 3 miles north of Issaquah. No. 2.

Opened by United States Coal Co., Seattle, Wash.

Kind of coal: Subbituminous.

Coal bed.—The coal bed probably belongs to the group of coal beds
exposed at the Grand Ridge mine, to the south. It strikes N. 73° E,
and dips 79° NW. A shaft has been sunk on the bed to a depth of 53
feet. The following section was measured at the bottom of the shaft.



U. 8. GEOLOGICAL SURVEY BULLETIN 474 PLATE V

A. FOREST UNDERGROWTH IN THE COAL DISTRICT NEAR BAYNE, KING COUNTY.

A factor which makes study of the coal-bearing formations of Washington very difficult.

B. TYPICAL FORESTED AREA OF THE PUGET SOUND COUNTRY,

Looking east from Lizard Mountain, near Bayne, King County.
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Section of coal bed at United States Coal Co.’s prospect 8 miles north of Issaquah.

No. 9291.
Shale, carbonaceous. ' Ft.  In,
H00aL e e i 3
Clay, white, plastic................. ... .. .. s 2
*C0al . e 2 9
Clay, yellowish, white, plastic................ e 3
*Coal, bOny. . L. 31
Shale, slaty, carbonaceous. .
6 6%

the bottom of the
shaft. The two clay partings in the bed can be easily separated from
-the coal and were not included in the sample. The hanging wall and
the foot wall of the bed, which are made up of, carbonaceous shale,
are firm and strong and do not mix with the \c?oak The analysis of the
sample is given on page 41. ‘
C‘hamcter and quality. of the coal—The coal is grayish black and
banded and has a splintery fracture. It contains a small amount of
gas which could be heard escaping from the bottom of the shaft.
The coal contains a large amount of moisture and probably weathers
rapidly. on exposure to the direct rays of the sun, but large blocks
0\poscd to the air under the cover of trees for several months showed
no signs of breaking down. The coal has about the same heating
value as the coal from the mines at Grand Ridge and Issaquah.

GRAND RIDGE.

Grand Ridge slope mine, on the Northern Pacific Railway, 3 miles
east of Issaquah. No. 3.

Operator: Central Coal Co., Seattle, Wash.

Kind of coal: Subbltummous

Coal beds.—Tive coal beds are béing woxkcd ranging from No. 1,
at the bottom, to No. 7, at the top. They stukc N. 34° E. and dlp
28° NW. Sections of beds Nos. 1, 2, 3, 4, and 7, where the samples

~were taken, are given below:

Sections of coal beds vn Grrand Ridye mine, 8 miles east of Issaquah.

No. 8544, bed No. 1. : No. 11736, bed No. 3.
Shale. Ft. in. .
*Coal. ... ... o 1 34 | Sandstone, massive. : Ft. in.
Shale. ..o 24 *Coal. o ool 1 7
*O0A oo 1 . Shale, carbonaceous......... 3
Shale..ooeee e R Clay, white........o.oooo.... 6
*Coal...ooooeeei il JaL077:Y SRR A i |
Shale..ooeee oo, 1 Clay, white.................. 5
v I 1 8% Boneand coal...........0...0 1 2
Shale..ooooeeee . 3| Shale.....o...ii 4
*Coaleo oo 17 | Sandstone, massive,
Shale. . 6 2
6 114

91320°—Bull, 474—11——¢
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Sections of coal beds in Grand Ridge mine, 8 miles east of Issdquah—Continued.

No. 8545, bed No. 2. No. 11738, bed No. 7.
Shale. Tt. in. | Sandstone, massive. Tt. in.
Shale and coal in streaks.......... 5| Shale.eeeennenen i 2
*Coal. ..ol 2 *Coal..ooooeeeeiiiiiiiaiin L6
*Coal, banded................. 2 CClay, white................ 1
Shale. *Coal..........o..........0 LB
4 b Clay; white..__............. by
*Coaleoooeeeoaania ool L 7
) No. 11737, bed No. 4. Clay.........; ............. 5
Shale. Ft. in *Coal, slightly bony......... 8
Shale, carbonaceous.............. 4 Olay.eeeeeeeeiaiiiain .. 5 -
(V) DR S | Coal, impure................ 6
Shale. - b ) Shale, carbonaceous...... R 11
3 5| Shale.
9 5%

Preparation for market.—At the time this mine was examined by
the writer beds Nos. 1 and 2 only were being worked on a commercial
scale. The coal from both beds was mixed in the bunkers; that
which passed over.14-inch bar screens was hand picked and sold as
lump, and that which passed through the screen was washed in a
Jeffery-Robinson washer.

Samples for analysis.—Sample 8544, from bed No. 1, was taken
from the north end of the north gangway on the first water level
about 220 feet north of the rock tunnel to bed No. 2. At this point
four distinct shale partings ranging from half an inch to 24 inches are
present. By careful picking and washing these bands may be sep-

~arated from the coal, and they were therefore excluded from the sam-
ple. Both hanging and foot walls are fairly strong and do not mix
with the coal in mining. Sample 8545, from bed No. 2, was taken
from the north end of the north gangway on the first water level about
100 feet north of rock tunnel from bed No.1. Both hanging and foot
walls are firm and do not mix with the coal. Sample 11736, from bed
No. 3, was taken from the left side of chute 4. Sample 11737, fron?
bed No. 4, was taken on the north side of the rock tunnel. This
sample was dmmp when it was sealed in the can. The location of
sa,mple 11738 is not given, but it is reputed as bemg wet when it was
sealed in the can.

In preparing sample 9883, 40 pounds of coal which had ]ust passed
through the washer and was still wet was taken from the surface of a
50-ton bin. - The fragments were reduced to a uniform size of about
three-fourths of an inch and the sample was quartered, opposite
quarters being rejected and the remainder ground in a bone grinder
to the size of 'a pea. This was in turn quartered by the usual method
until the final sample, about a quart, was obtained. This sample
was sealed without drying in an air-tight can and mailed to the
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A. GLACIAL BOWLDERS ON THE SOUTH BANK OF GREEN RIVER NEAR FRANKLIN, KING COUNTY.

B. EXPOSURES OF THE PUGET FORMATION, IN WHICH THE COAL OCCURS, ALONG GREEN
RIVER NEAR FRANKLIN.



KING COUNTY. 83

chemical laboratory. The analyses of the samples are given on
page 42, o

Character and quality of the coal.—The coal is grayish black and
has a reddish-brown streak. It is banded and laminated and breaks
with an irregular splintery fracture. It slacks slightly when exposed
to the direct rays of the sun, but does not contain enough moisture to
cause it to slack noticeably when shipped in ¢losed cars. Coal from
bed No. 1 compares very favorably with that from Coal Creek and
Renton. Coal from bed No. 2 is higher in ash than that from bed
No. 1 because of the slightly bony nature of the lower portion of the
bed, and hence has a lower heating value. The analysis of the washed
coal (laboratory No. 9883) represents the quality of a mixture from
the two beds. The great amount of moisture in the washed coal as
received is due to water from the washing. The coal makes a good
fire in stationary boilers without forced draft and is classed as sub-
bituminous.

ISSAQUAH.

Issaquah slope and drift mine, at Issaquah, on the Northern
Pacific Railway. No. 4.

Operator: Issaquah Coal Co., Seattle, Wash.

Kind of coal: Subbituminous.

Coal beds.—Only two of the numerous coal beds worked by this
company were exposed so that samples could be taken. The com-
pany ceased operations at the mine several years ago (see PL. VII, 4),
and most of the workings were flooded with water so that the samples
had to be taken above the water level of the valley. The beds
strike N. 74° E. and dip 26° NW. The following sections were
taken where the samples were obtained:

Sections of coal beds in Issaquah mine.

' No. 8542, bed No. 4. No. 8543, bed No. 5.
Shale. Ft. in. | Sandstone. . Tt in.
*Coal.coeeeeea 113 *Coal. . 1
Shale....ooooooo. 3 Clay..ooiiiiiiiiianaa. 5
*¥Coal. oo 1 *Coal.oovoooiiii il 2
Shale..oveeeeeeeeeaanaa .. 3 Clayeeeeiiai i ) 24
*Coadeeein i 5 *Coal...ooveeiiiiiii L 11
Shale with streaks of coal.. . 1 | Shale, carbonaceous............ L7
*Coal...,ooooiiiiilL .7 | Sandstone, white.
Shale........ s ’ 3l Coalbed....coeoeeeenon.. 4 6%
#Coal.oeeeeei i 1 9
4 "l

Preparation for market.—The coal from this mine was passed over
bar screens, after which the lump coal was picked by hand and the
screenings were washed in a Jeffery-Robinson tub washer.

Samples for analysis.—Sample 8542 was taken from the side of a
small entry west of the main slope on bed No. 4, 50 feet down the
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slope from the entrance to the mine. All the partings of the bed can
be separated from the coal by careful picking and washing and were
therefore not included in the sample. Although it had been exposed
to the weather for a considerable length of time, the roof appeared to
be firm and strong: The bottom of the bed was not exposed, and the
character of the floor could not be determined. Mud carried down
by water from the overlying rocks had filled the joints in the coal
and in order to remove this mud the sample was thoroughly washed
in a small stream before being ground and quartered. It was sealed
in the can without being dried and for this reason the percentage of
moisture in the sample as received is higher than it would be when
mined under ordinary conditions. Sample 8543 was taken at the
end of a 700-foot water-level gangway on bed No. 5. Both clay
partings in the bed can be separated by picking and washing and
consequently were not included in the sample. The sample which
was taken near the surface and was wet by seepage from overlying
rocks and soil was still moist when sealed in the can and the analysis
of the sample as received shows moisture of more than ordinary
amount. The analyses of these samples are given on pages 42-43.

Character and quality of the coal.—The coal is grayish brown, has a
slightly banded structure, and breaks with.a conchoidal fracture. It
slacks slightly when exposed to the direct rays of the sun but does
not contain enough moisture to cause it to weather when shipped in
closed cars. Its heating value is about the same as that of the coal
from the Grand Ridge mine but is slightly lower than that of the coal
from Coal Creek. This coal is classed as subbituminous.

SUPERIOR.

Superior drift mine, 14 miles southwest of Issaquah, on a spur of
the Northern Pacific Railway. No. 5.

Operator: Superior Coal & Improvement Co., Seattle, Wash.

Kind of coal: Subbituminous. . .

Coal beds.—One coal bed is worked in this mine. It strikes N. 70°
E. and dips 30° NW. Another bed, about 300 feet to the north, is
thought to be the same as the bed No. 0 at the Issaquah mine.
. The following sections were measured at the points from which the
saimples were taken:

Sections of coal beds at Superior mine, 1% miles southwest of Issaquah.

No. 8548, main bed. No. 8547, bed No. 0.
Coal, roof. ) Ft. in. : Ft. in
" Clay (smalllens).......... = 2&(*Coal........................... 1 5
*Coal, poor......... PO 3 7 Clay, brown.......c.c.ooooona 1
Sandstone, shaly, very hard *Coaleeoer il 1
(varies 17/ to 3%/)....... 23| Clay, yellow............. reee- 4
*C0aleeeeeaanaanaee e 34+ *¥Coal oot 83
Coal, floor.

Total worked...e.eeen.... 6- 9} " Total worked............ 3 7%



U. 8. GEOLOGICAL SURVEY BULLETIN 474 PLATE VIl

A. ABANDONED BUNKER OF THE ISSAQUAH COAL CO., AT ISSAQUAH, KING COUNTY.

B. WASHER AND BUNKER OF THE PACIFIC COAST COAL CO., AT BURNETT, PIERCE COUNTY.
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Preparation for market.—Temporary bunkers have been erected.
The coal is being picked by hand, pending the further development
of the mine.

Samples for analysis.—Sample 8548 was taken on the first water
level 900 feet from the entrance to the mine and 60 feet up the rise
on the west side of the last entry. A parting which occurs near the
" center can be removed by picking and washing and was therefore
not included in the sample. The roof of the mine is coal, but it is
separated from the bed at this particular place by small lenses of clay
which come down in mining and which must be removed from the
coal. The bottom of the bed was not exposed, and the floor at this
point was in coal. The sample contained films of mud in the joints -
of the coal and thesé were removed by washing before the sample
was ground and quartered. The sample was sealed in the can while
wet and the analysis of the sample as received contains a slightly
excessive amount. of moisture. Sample 8547 was taken 60 feet from
the entrance of the 75-foot drift on coal bed No. 0. Both partings
can be separated from the coal by picking and they wére not included
in the sample. The coal was slightly moist when taken from the
mine and sealed in the can, and for this reason the amount of moisture
in the sample.as received is a little too high. Analyses of these
samples are given on page 43. :

Character and quality of the coal.—The coal from these beds is grayish
black, gives a brown streak, and is very slightly banded. It breaks
with a conchoidal fracture. The upper bench of the main bed is
considerably more banded than the others and probably contains a
higher percentage of ash. Although the coal weathers slightly on
exposure to the sun, it should stand transportation for some distance
in closed cars. Its heating value is about the same as that of the coal
from Issaquah and Grand Ridge and is somewhat lower than the’
average of that mined at Coal Creek. :

FORD AND BAGLEY.

Ford slope mine and Bagley water-level drift, at Coal Creek, on
the Columbia & Puget Sound Railroad. No. 6.

Operator: Pacific Coast Coal Co., Seattle, Wash.

Kind of coal: Subbituminous.

Coal beds.—Five coal beds are worked at present in these mines—
the Muldoon, No. 3 and No. 4 beds, in the Ford mine, and the Bagley,
Nos. 1 and 2 beds, in the Bagley mine. The beds strike N. 78° W.
and dip 36° to 43° NE. The beds are very irregular and the thick-
ness and number of the partings differ considerably in sections meas-
ured only a short distance apart. The distances between the beds or
the benches in the beds are not at all similar in the opposite ends of
the workings. The layer of bony coal overlying bed No. 3, about 700
feet east of the cross tunnel from the Muldoon, is 1 foot 5 inches thick.



86

COALS OFF THE STATE OF WASHINGTON.

Half a mile to the east this layer is about 30 feet thick. The layer of
bony shale which separates the upper and lower benches at the same
place thickens from 8% inches to 1 foot 6 inches in a distance of 600

feet to the east.

Near the west end of the old workings this parting

increases in a short distance from a few feet to nearly 90 feet at the

entrance to the old New Castle mine.

measured where the samples were taken:

Sections of coal beds in Ford mine.

No. 9163, Muldoon coal bed.

Shale, compact (roof).
Shale. Ft. i

I3

*Coal, bony..oeoeeoeeia .. 1
*#Coal. ..ol 2 2
Shale, gray-brown........... 1
*Coal. . - 8
Shale,- gray—blown streal\q of
coal..............llll 2%
*Coal.... 8
Shale, brown at center, grades
to coal each way..... et 5
*Coal.....coeveeeeeeoa... 1 8%
“Sulphur” band.................. 1
Shale, soft, slacks.............. -, 14
Shale, compact.
6 24
No. 9165, Muldoon coal bed.
Shale, compact, scales off. Ft. in.
Shale, carbonaceous.............. 1
#Coal....ooooeeeeoaaiiaio. 10
+Coal, bony.....o............. 1
07072 DR 6
Bone, sandy................. 3
*Coal. . e 9%
Shale, slate colored ......... 1
*Coal. . T
Shale, slate colored .......... 2%
*Coal.. 6
Coal, bony ................... 1
Shale, brown, carbonaceous. . 2
Coal, bony.....cococainon. 1
#Coal...ooooeiiiii il ]
*Shale, clayey................ 3
DR 0 DI AU |
Coal, bony.
: 6 1
No. 9164, lower bench of bed No. 3.
Shale, hard black. Ft. in.
L0 F 1 93

Shale, black, carbonaceous.
1 9%

No. 9166, Muldoon coal bed.
Shale, compact (good roof), slate-

colored. - Ft in
Shale, black, carbonaceous........ 1
*Coal ool 8
*Coal, bony................... 2
*Coal... ... 5
*Clay, * sulphur” bmd ......
*Coal............. .. 10
Shale, brown (clayey) ........ 1
*Coal. . e 5
°  Shale, brown ............... 1
*Coal.. 63
Shale ....................... 3
#Coal. oeeiiiiii 9%
*Shale and bone.............. 3
*Coal...oooiiiieiiiiiol 1
Shale, cmbonaceous black to
brown.
Shale (good bottom).
. 5 4%
No. 9168, upper bench of bed No. 3.
Shale. Ft.
*Coal........ s 8
{Shale, black, carbonaceous. .. 3
*Coal.ooooeeeiiiia a0 201
*Coal, bony................... 1
*Coal..veeeiioiiii 3%
Coal, bony.............. .. 3
*Coale oo 8
Shale, brown...............
*Coal....oooooooillL 7
Shale, hard black.
: 4 73
No. 9167, bed No. 4.
Sandstone, white, shaly. " Tt in
Shale, brown, carbonaceous. . . ... 1
*Coal. . ... ..o..ll.. 8%
Shale, yellow- brown ........ 1
*Coal. ..ot .2
- Coal, bony. ... ... ... ... 2
O 2%
*Coal. .. ..o 1y
*Coal, slightly bony, soft. . ... 2%
#Coal. i 15
Shale, yellowish brown. -
. 410

The following sections were
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Sections of coal beds in Bagley mine.

No. 9170, Bagley No. 1 bed. No. 9171, upper bench of Bagley No. 2 bed.
Shale, brown, carbonaceous. Ft. in. | Sandstone, white (good roof). Ft. in.
*Coal, banded. .............. 1 3 | Shale, carbonaceous.............. }
Shale, brown, carbonaceous. . 1 *¥Coal. . ... ol 7
*Coal, banded. .............. 1 34 Shale, carbonaceous......... 6
Shale, yellow. .. ........... 3 *C0al. L e 3%
*Coal. . ........ e 64 *Coal, badly crushed. ....... b
Shale, brown............ .. 317 *¥Coal. ... 5%
*Coal, bony. . ............... 3 Shale, hard, nearly black.... 1
Shale, brown. ... ...... ... % *Coal, bony......... U 2%
*Coal. . ooooni 114 Shale, -sandy, ‘““sulphur”
Shale, brown, “sulphur L band.................... %
*#Coal. . ...l 5% *Coal, bony, with streaks of
Shale, hard. shale.................... 5
. 5 Shale, brown to yellow.
No. 9169, lower bench of Bagley No. 2 bed. Coal bed. 2 7%
Shale, hard, carbonaceous. Ft. in.
*Coal. . oo 17
tShale, soft, very cmrbomceous 1
HCoal. . ..ol 2 5

Shale, carbonaceous (fair bottom).

Preparation for market.—The coal from all the beds is passed over
a 23-inch bar screen at the bunkers. The oversize is picked by hand
for steam and domestic coal. " The undersize is washed in a Jeffery
- tub washer. "

Samples for analysis.—Sample 9163 was taken from the Muldoon
bed at the east end of the first air course above the gangway on the
first level, about 5,400 feet east of the slope. The bed contains
three partings, which can be separated by careful picking and wash-
ing, and these partings were not included in the sample. A thin,
soft layer of bony coal and shale between the upper bench of coal
and the roof comes down with the coal in mining and is removed by
the washer. A band of pyrite and a thin layer of soft shale at the
bottom of the lower layer breaks.away from the floor and is separated
by the washer. Sample 9166 was taken from the first level gangway
on the Muldoon bed 5,750 feet west of the slope. The bed contains
numerous thin partings, of which only parts can be separated from
the coal by picking and washing. In order to obtain a representa-.
tive amount of ash, three of the partings were omitted from the
sample. A thin layer of carbonaceous shale occurs between the coal
and the roof and another between the coal and the floor. Both of
these mix with the coal in mining and must be removed at the bunker.
Sample 9165 was taken from the first level gangway on the Muldoon
bed 1,400 feet west of the slope and 80 feet up chute 134. The bed
contains several partings, which generally can be separated from the
coal by picking and washing. Half of the upper parting and the
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entire lowest parting were included in the sample. A thin layer of
carbonaceous shale occurs between the top of the bed and,the roof.
This breaks from the roof in mining and mixes with the coal and
must be picked out at the bunker. Sample 9168 was taken from’
the upper bench of bed No. 3 on the first level gangway 700 feet east
‘of the cross tunnel from the Muldoon bed. The bed contains four
partings, the upper three of which can be removed by picking and
washing only with difficulty, and in order to obtain a representative
amount of ash half of the upper parting and the entire parting next
below were included in the sample. Sample 9164 was taken from
the lower bench of bed No. 3 at the same location as No. 9168: The
lower bench is separated from the upper by 8% inches of bone, and
as both benches are worked together in this part of the mine, the
bone separating them must be removed at the bunker. Sample 9167
was taken on the first level gangway on bed No. 4, about 650 feet
east of the cross tunnel from the Muldoon. In the upper part of the
bed are two partings which can be separated from the coal and were -
not included in the sample. A thin layer of carbonaceous shale
bBetween the coal and the roof and a portion of the floor mixes with
the ‘coal in mining and must be removed at the bunker. Sample
9170 was taken from Bagley No. 1 bed on the first water-level gang-
way at the entrance to the rock tunnel from the Bagley No. 2 to the
Muldoon. The bed contains five partings which can be separated
from the coal by careful picking and washing, and which were not
. included in the sample. It is not being worked at the present time.
Sample 9171 was taken from the upper bench of the Bagley No. 2
bed, 36 feet up chute 24 of the first water level. Several partings
can be separated from the coal, and these were not included in the
sample;-a thin layer of carbonaceous shale between the bed and the
roof breaks down with the coal and must be removed at the bunker.
Sample 9169 was taken from the lower bench of the Bagley No. 2
bed at the same place from which sample 9171 was taken. This
bench is separated from the upper bench by about 5% inches of shale.
Both benches are worked at the same time and the shale between
them must be removed from the coal. A small band of soft shale
occurs in the center of this bench. About half of it can be separated
during preparation for market, and therefore only half was included in
the sample. The analyses of these samples are given on pages 43—44,
Character and quality of the coal.—The coal is grayish-black, has a
slightly banded structure, and breaks with an irregular conchoidal
fracture. It contains about the same amount of moisture as the
coal of Issaquah, Grand Ridge, and Renton. It slacks slightly when
~exposed to the direct rays of the sun, but will stand transportation
for a considerable distance in closed cars. The coal is good for domes-
tic purposes and for steam and stationary boilers without forced
draft, and should be classed as a high-grade subbituminous coal.
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DENNY-RENTON.

Denny-Renton drift mine, at Renton, on the Columbia & Puget
Sound- Railroad and Clncaco, Milwaukee & Puget Sound Railway.
No. 7.

Operator: Denny-Renton Clay & Coal Co., Seattle, Wash.

Kind of coal: Subbituminous.

Coal bed.—The coal bed worked at this mine is known as the
Renton No. 1. It overlies the two beds worked by the Seattle
Electric Co. at the Renton mine, strikes N. 32° E., and dips 14° SE.
The bed is worked in two benches and a sample of each was taken.
The following sections were measured at the places from which the
samples were obtained:

Sections of Renton No. 1 coal bed in Denny-Renton mine.

No. 9154, upper bénch.

}To. 9155, lower bench.

Shale, sandy. Ft. In. | Clay, vellow. ¥t In.
*Coal, slaty.........o........ 1 *Coal. o .o 11
Coal. oo 11 Shale (clayey)........ e 3%

Shale...........c.......... 1 Coal, bony................ 5
*Coal. .......... e 1 Coal, bony, shaly toward top 83

Shale, hard, carbonaceous....... 1 6 *Coal. . ...l 1 6
’ Clay. ..o 2%
Coalbed...ocoeeeiiil 2 Coal, bony. oo 33
Clay,sandy............... %

Coal. . ...l 5

Clay, sandy............ . 1

R 0707:Y 2 1

Clay, plastic, yellow.

6 113

Preparation, for market.—The layers between the coal are thick and .
are separated in the mine, where they are used as gob. The coal as
"it comes from the mine is picked at the bunker before using.

Samples for analysis.—Sample 9154 was taken from the gangway

about 300 feet north of the south line of sec. 17. The upper layer
of the bench consists of shaly coal that can be separated only with
difficulty from the coal immediately underlying it; this layer and
the shale separating the two coal beds were not included in the sam-
ple. Sample 9155 was taken at two places on the gangway near the
north line of sec. 20. The .sample from one part of the bed was
taken 540 feet south and 160 feet west of the north quarter corner
of sec. 20 and the sample of the other part was taken 120 feet due
south of the same corner. This bench contains three good layers of
. coal, separated by layers of clay and by layers of coal too thin to be
mined economically. The two benches of coal are separated by 2
feet 84 inches of material, which must be removed; the three layers
in the lower bench are separated by thick partings, which are thrown
into the gob. Several of the layers of clay absorb moisture upon
exposure to the air and swell to about 1} times their original thick-
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ness, making it very difficult to keep the gangways and rooms open.
The samples of coal were moist when.taken from the mine and pre-
pared for the laboratory, and therefore the percentage of moisture
in the sample as received is a little too large. Analyses of these
samples are given on page 44.

Character and quality of the coal.—The color of the coal is grayish-
black, the streak reddish-brown, and the structure laminated. It
breaks with a splintery fracture, which is almost conchoidal. A con-
siderable amount of moisture is present in it and it slacks slightly when
exposed to the air. Its heating value is about the same as that of
the coal from bed No. 2 and from the upper bench of bed No. 3 at
Renton, but is slightly lower than that of the average coal from the
lower bench of bed No. 3 and from the Coal Creek mines. It is
classed as a subbituminous coal.

RENTON.

Renton slope mine, at Renton, on the Northern Pacific Railway, the
Puget Sound Electric Railway, the Columbia & Puget Sound Rail-
road, and the Chicago, Milwaukee & Puget Sound Railway. No. 8.

Operator: Seattle Electric Co., Seattle, Wash.

Kind of coal: Subbituminous.

Coal beds.—Renton No. 2 and No. 3 coal beds are being worked
in this mine. The older workings are on the lower or the No. 3 bed.
The beds strike about N. 10° E. and dip 12° SE. - The following sec-
tions were measured at the places where the samples were taken:

Sections of coul beds in Renton mine.

No. 9158, bed No. 2. No. 9156, lower bench of bed No. 3.
Shale, brown. Ft. in. | Shale, black, carbonaceous. Ft. in.
*Coal.oveeeiriiiil 2 4 *Coal.. ... il 2 8%
Clay . ceeeeeeaaaaaaaann. e 2% | Shale, black, carbonaceous. '
*Coal........ 15 No. 9162, lower bench of bed No. 8.
Shale, brown.......... ... .. 7 Shal » .
Coal, bony................... 16 a 2Coal Ft. 1’(’)1'
B S A i i
gfal ' ) Shale, hard, black........... 4
o o 5 *00al. e 110
At A Shale, black, carbonaceous. —_—
(03 15 6 3
Coal, bony.....ovoveee 5 No. 2455, bed No. 3. _
. IN.
8 4 *Coal e 2 2
No. 9160, lower bench of bed No. 3. Coal, bony 113
Shale, brown (slightly carbona- ‘ *Ooa,l’_ e 81
ceous). . Fto in. | Shale..oooooo o 13
*Coal.. e e 95 | *Coale o 6
Coal, bony, a.nd carbonaceous N 1
shale..................... 5 Coal, bony.........l............ 11
*C0al e 1 9% {*Coal. oo .2 8
Shale, black, carbonaceous. L
'3 7 8%
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Section of coal beds in Renton mine—Continued.

No. 9159, upper bench of bed No. 3. No. 9161, upper bench of bed No. 8.
Sandstone, white. Shale, clayey (heaves) Ft. in.
Mixture of white clay and brown *Coal.. R .

ghale, 0 to 4 in mine. . Ft. in. Shale, brown .................

*Coal. oot 2 3% *Coal.iuueeiiiiaiii i 2%

Shale, brown.._...... et 1 Shale, brown ................ Y

*Coal.. .8 *Coal.. 7

tShale, brown mrbomceouq 2 Shale, brown cwrbonaceous 3

*Coal.. 8 *Coal.. ool 1 2

Shale, brown ................ 2% | Shale (heaves).

*00lueeaereeieaaeeieeaee. B 4 10

Shale, carbonaceous. - — ' No. 2456, bed No. 3. Ft. in.
’ 4 63\ *Coal.ooeieeii il e 2 7

4 Bone.eiiii 1

No. 9157, upper bench of bed No. 3. #C0ale e 9

' Ft. in. | Bone.............o.......... .. 23

*Shale, black, carbonaceous....... 3% [ *Coal......coooeiieiiiiiiioit, 10}
*Coaleeeceeiiiiiiiiiiiii0 3 6| Boneeooiioooiil... 1 5
Shale, brown................. 3% | *Coal.ooo i 6
*Coal... ..ol 33| Bome........................ 4
Shale, black, carbonaceous... 13 | *Coalewoeiiiiiiiiiiiiiiiai. 1 4

4 64 8 1

Preparation for markét.—On account of the low dip of the beds the
larger partings can be separated in the mine. The coal is mined in.
benches and the larger partings thrown in the gob. At the bunker
the coal is passed over a shaking screen with 2-inch and 3-inch per-
forations. The oversize is picked on the lower end of the screen and
on the car. *The undersize is washed in a Jeffery tub washer, and is
screened and sold as nut, pea, and barley coal.

Samples for analysis.—Sample 9158 was taken from bed No. 2
about 140 feet up the first plane north from the fifth level south.
The bed contains one clay parting which can be separated by picking
and washing, and this parting was not included in the sample. The
roof of the mine is strong, and-does not mix with the coal. The coal
bed is underlain by several layers of shale and more or less impure -
coal. These layers are taken up in the main gangways and entries,
and the impurities are thrown into the gob or separated at the bunker.
Sample 9159 was taken from the upper bench of bed No. 3 on the
seventh level, 500 feet north of the main slope. The bed contains
several partings, and as it would be difficult to separate the center
parting cleanly from the rest of the coal about half of it was retained
in the sample. The bed is overlain by a mixture of white clay and
brown shale, ranging up to 4 feet in thickness in this part of the mine, -
which frequently falls with the coal, and is separated and thrown in -
the gob. Sample 9160 was taken from the lower bench of bed No. 3
at the place from which No. 9159 was taken. The bench contains
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near the center a layer of bony coal and carbonaceous shale, which
is separated in mining and in preparation for the market, and was
therefore not included in the sample. The lower bench of the bed
is separated from the upper bench by about 1 foot 5 inches of shale,
which is separated from the coal and thrown-into the gob. Sample
9157 was taken from the upper bench of bed No. 3 at the north end
of the gangway of the ninth level north about 2,900 feet east and 1,300
feet north of the main portal of the mine. The bed contains one
parting, which can be separated from the coal and was not included
in the sample. This bench is separated from the roof by about 3%
inches of carbonaceous shale which comes down with the coal, and
must be removed in preparation for the market. .Sample 9156 was
taken from the lower bench of bed No. 3 at the place where 9157
was taken. It is separated from the upper bench by 1 foot.5 inches
of shale, which is removed from the coal during the mining, and is .
thrown into the gob. The coal in these two samples was slightly moist,
owing to the seepage of water from the rocks above, and inasmuch as
the samples were not dried before sealing in the cans, analyses show
a slightly higher per cent of moisture in the ‘‘as received’ determina-
tion than should be expected in average coal from this part of the
mine. Sample 9161, taken from the upper bench of bed No. 3 about
600 feet above the sixth level south on plane No. 6 of the new work-
ings, contains three shaly layers, which can be separated in mining
and in preparation for market and which were therefore not inciuded
in the sample. A bed of soft shale between the upper bench and the
roof absorbs moisture upon exposure to the air and swells to about
1} times its original thickness. Sample 9162 was taken from the
lower bench of bed No. 3 at the location from which sample 9161 was
taken. It contains one layer of bone, which can be removed from the
coal and was not included in the sample. This bench is separated from
the upper bench by about 3 feet of shale, the upper part of which
absorbs moisture when exposed to the air and swells to about 1%
times its original thickness. Analyses of these samples are given on
pages 44-45. The samples noted below were also taken from this
mine:! Sample 2455 was taken by M. R. Campbell October 9, 1905,
from bed No. 3 in the sixth level gangway, 2,400 feet south of the
slope. All the partings in the bed were separated from the sample.
Sample 2456 was taken at the same time as No. 2455 from the seventh
- level gangway, 150 feet north of the slope. All the partings in the
bed were excluded from the sample. Carload sample 2687 con-
sisted of pea coal from the washer and No. 2686 was made up of
run-of-mine coal. These carload lots were sent to the Geological Sur-
vey fuel-testing plant at St. Louis in 1905, and the analyses of the
samples are included in the table on page 45.

1 Bull, U. 8. Geol. Survey No, 332, 1908, pp. 272-274,

-
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Character and quality of the coal.—The coal is pitch black when
freshly fractured, but turns grayish black in a very short time. It
has a reddish-brown streak, is slightly banded and laminated, and
breaks with a slightly conchoidal splintery fracture. It contains a
considerable amount- of moisture, and slacks slightly when exposed
to the sun, but will stand transportation to a considerable distance
when shipped in closed cars. Bed No. 2 and the upper bench of bed
No. 3 have a heating value somewhat lower than that of the lower
bench of bed No. 3, which is about the same as that of the better
grades of coal obtained from the Coai Creek mines. This coal should
be classed as high-grade subbituminous.

DANVILLE.

Danville, a water-level mine at Danville, on a spur of the Columbia
& Puget Sound Railroad. No. 9.

Operator: North Coast Colliery Co., Seattle, Wash.

Kind of coal: Subbituminous.

Coal bed.—Only one bed is worked at this mine. It strikes N. 42°
E. and dips 75° SE. The following section was measured where the

sample was taken:
Section of coal bed in Danville mine.

No. 9328.
Shale, hard.
. Shale, rather soft. Ft. in.
‘Coal, broken and apparently dirty.......... e e 11
075721 e 2 23
*Coal, broken and apparently dirty. .. .. ....... ... ... 3 9
Shale, yellow, slightly carbonaceous. . -
Coal bed worked.. .o .o o i i 5 11%

- Sample for analysis.—Sample 9323 was taken 20 feet to the south- -
west along the bed from the end of the rock tunnel from the fan.
The mine hfmd been abandoned for more than a year and the exposures
of the coal along the gangway were very badly caved, so that it was
difficult to obtain a good sample. Considerable movement has taken
place along the bed, so that it would be difficult to prevent the impure
coal overlying that part of the bed sampled from mixing with the
better coal.- About 7 inches of rather soft shale overlies the upper -
bench of coal, and a layer of carbonaceous shale underlies the bed.
Where these were exposed in the mine they were soft and broken and
would mix with the coal in mining. The analysm of this sample is
given on page 45. ‘

Character and quality of the coal.—The coal is gray'lsh black, is
slightly banded, and breaks with a splintery and conchoidal fr acture.
It has a relatively large amount of moisture and slacks slightly when
exposed to the sun, but will hold up well for considerable length of
time when shipped in closed cars. It is a subbituminous coal and
has about the same heating value as the coal from the upper bench
of bed No. 3 at Renton and the coal from Issaquah and Grand Ridge.
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’

RAVENSDALE NO. 1.

. Ravensdale No. 1, slope mine at Ravensdale, on the Northern
Pacific Railway. No. 10.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal beds.—Three coal beds are being worked. They are, in ascend-
ing order, Nos. 3, 4, and 5. Bed No. 9 has been tapped by a rock
tunnel, and a gangway 100 feet long has been driven to determine the
character of the coal. = All the beds strike approximately N. 45° E.
“and dip northwest at angles varying between 22° and 40°. Both the
main and the auxiliary slope are on bed No. 5, and a rock tunnel about
200 feet long connects No. 5 with Nos. 3 and 4. Beds Nos. 3 and 4 are
separated by about 10 feet of carbonaceous shale and impure coal.
The sections measured at the places where the samples were taken are

as follows:
Sections of coal beds tn Ravensdale No. 1 mine. . -

No. 9266, bed No. 3. No. 9271, bed No. 5.

Fi. in. ) ohale. - . Ft. in.
Shale.....ooeoieiiiiiiiin... 7+ #*Coale oo 3 21
Coal, bony- ottt T 4. *Coal, bony............... 1 23
*Coal (containing ‘“nigger- N 6
headS’)).--..-.....i..-. 2 #00al e oo 4. 2%
“Sulphur”............... 1 Shale, sandy.....:....... 1
1 ’ 0 i
¥oal. ..o 2 2 *Coal, dirty............ ... 1 5
Shale and bony coal. 8% Shale.
) P .8 10 74
Shale..............o..o.e i No. 9273, lower bench'of bed No. 5.
*Coal (““Sulphur”’ band near Shale. - 3 Pt in
center).. R 2 S 4 2;}
Shale, hard, carbonaceous ...... Shale. san Ayeeeeee 1+
’ *Coal, dirty.............. 1 6
Coalbed................. 7 10} | Shale.
5 8+
No. 9267, bed No. 4.
No. 8270, bed No. 5. Shale. 4 Ft. in
) *Coal. ...oevvinii 3 7
Shale, gray. o Shale, irregular........... 3
Shale, black, carbonaceous Ft. in. *Coal 9
*Coal. ..ol 34 Tttt T
*Shale, sandy, brown. . . . .. 3 Clay, yellowish white. -
*Coale oveieneeaeaeeeas 3} No.974, bed No.5.
*Shale, brown. ............ R
il o R A — "
1 and d bone. ... 102 5
*(S}I;:le o -y e oo 1 f “Sulphur’’ band and ceal 1
. Bone and bony coal........ 11 Foal. T 1 . 7
*Coal o 21 Shale, sandy.............. 1
'''''''''''''' : *Coal.eoieeie i 2
*g‘mle """"""""""" , ! Shale...ooot e 2
Gl . o TN 13
ARSI Shale....oveenannenennn 3
*Coal (reported to be 3 feet) 2+ Coal 6
T Coal bed worked.......... 4 4
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Sections of coal beds in Ravensdale No. 1 mine—Continued.

. No. 9272, upper bench of bed No. 5. : No. 92717, bed No. 9. Pt in
DN §
Shale. Ft. in. "Coal, bony................ 1 5
*Coal.......... R 3 2% *¥Coal. ...l 2 23
Coal, bony. Bone, poor.............io. 1 7
Shale, very slightly carbonaceous. 1 7
Shale.
6 9%

Preparation for market.—No attempt is made to separate the part-
ings from the coal in the mine. At the bunker the run-of-mine coal
is passed over a shaking screen having 23-inch and %-inch perfora-
tions. That which passes through the holes is sorted in a revolving
screen, and the different sizes are passed through a spiral dry washer,
which has not been found very efficient in separating the impurities
from the coal. The coal from the spiral separator and from the pick-
ing table are mixed in the bunker before shipment. The entire output
of the mine is used by the Northern Pacific Railway.

Samples for analysis.—All the samples were collected on the second
level. Sample 9266 was taken October 20, 1909, from the face of the
east gangway of bed No. 3, 775 feet east and 400 feet north of the
center of sec. 36, T. 22 N., R. 6 E. The bed contains three partings,
which are nearly regular, and which may be separated from the coal
by careful picking and washing. The roof of the mine is poor and in
many places breaks down and mixes with the®coal. The floor is
fairly firm and does not mix very much with the coal. Sample 9267
was taken from bed No. 4 at a point 100 feet up chute 16 of the east
gangway. The irregular layer of shale which occurs in the center of
the bed and a considerable amount of shale from the roof is mixed
with the coal in mining, but these impurities can be removed by care-
ful picking and washing. Sample 9270 was taken from bed No. 5
about 15 feet east of the sump at the bottom of the slope. Only the
upper part of the bed was exposed. Two thin partings near the top,
which could only be partially separated from the coal by picking and
washing, were included in the sample to offset the amount of ash which
might be left in the coal from the other partings. Sample 9274 was
taken from chute 31 about 20 feet up the rise from the east gang-
way on bed No. 5. The bed contains three partings, which can be
separated from the coal and which were not included in the sample.
About 7 inches of black clay overlies the coal and is mixed with it in
mining. This clay must be removed in preparation for use. The
sample represents the part of the bed being mined in the part of the
workings from which the sample was taken. Sample 9271 was taken
from bed No. 5, 150 feet up chute 59 on the east gangway. This
section represents the entire thickness of the bed. The two shaly
partings can be separated in preparation for use and are not included
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in the sample. Sample 9272 was taken from the upper bench of good
coal at the location at which sample 9271 was obtained. Sample
9273, which was taken from the same place, consists of the lower
bench. The parting can be separated in preparation for use and was
not included in the sample. Sample 6487 was taken in 1908 by J. B:
Umpleby from bed No. 5. Only the lower part of the bed was sampled
because the upper part was not exposed. Sample 9277 was taken
from the east end of the gangway on bed No. 9, 100 feet from the rock
tunnel from No. 5. The bench sampled lies between two layers of
bony coal which are believed to contain too much ash to be of econo-
mic value. Analyses of the samples from this mine are given on
pages 45-47.

Character and quality of the coal.—The coal is nearly pitch black ‘
and has a dark brown streak and a slightly banded structure. It
breaks with an irregular splintery fracture. It has a moderate
- amount of moisture, but does not crumble readily when exposed to the
sun. Most of the benches of coal mined contain a rather high per-
centage of ash. The layer of crushed coal at the bottom of bed No.5
contains small quantities of gas, which is liberated when the coal is
shot down, and sometimes gives rise to small explosions. The coal is
bituminous and compares in heating value with the subbituminous
coal mined at Renton and Newcastle.  The low heating value of this
coal is due to the lwrge amount of ash and the 1nodemte amount cf
moisture.

M'KAY.

McKay, slope mine at Ravensdale, on the Northern Pacific Rail-
way. No. 11, '

Operator: Northwestern Improvement Co., Tacoma Wash.

Kind of coal: Bituminous.

Coal bed.—The bed worked at thls mine is known as the McKay
and is thought to be identical with the McKay bed of the Black
Diamond mine. At the north end of the gangway the bed strikes
N. 30° W. and dips 76° SW. Within a short distance to the south the
bed changes in attitude, striking N. 50° W. and dipping about 40° SW.
The bed is composed of two benches of clean coal separated by about
3 feet of shale and bony coal. The upper bench is nearly uniform in
thickness where it is exposed in the mine. The parting between the
- benches is also uniform in thickness, but if this bed is the McKay bed
exposed at Black Diamond the parting should increase in thickness
toward the southwest. At the McKay mine the two beds could be
worked as one and the parting separated from the coal. The lower
bench of the bed varies in thickness from a little more than 5 feet to
nearly 6 feet. In several parts of the mine this bench contains a-
layer of bony coal near the hottom which is mined with the rest of the
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coal. The following sections were taken at the place from which the
samples were obtained:

Sections of McKay coal bed in McKay mine.

No. 9279. . No. 9282,
Shale, hard.. Ft. in. Ft. in.
*Coal. ..o 4 g4 |Coal.oooiiiill0 8 2}
Shale - | *Coal,bony.................... 1 9
No. 9280. Shale .o 8%
Shale, hard. Feet.
*¥Coal. ..., 5 5 8%
No. 9283, upper bench.
Shale. . Shale. Ft. in.
No. 9281. *Coal........... AU 3 24
Shale, carbonaceous, hard. Ft. in. Coal, bony................ 1 9%
*Coal..........o........... 5 Shale, yellow.................... 8%
t Shale, carbonaceous. ....... 2% | Shale, hard, carbonaceous........ -5
Shale. :
5 2% : 6 14

Preparation for market.—The main bed is so clean that it does not
need special preparation for the market except when gangways are
being driven. In order to make the gangway of sufficient width the
upper bench of the coal is mined. - The partings between these two
benches could be separated by picking and washing.

Samples for analysis.—All samples for analysis were taken from the
first level. Sample 9279 was taken from the north end of the north
gangway about 300 feet north of the main slope. Both walls of the
bed are fairly firm and not mixed with the coal in mining. Sample
9280 was taken at the north end of the south gangway about 500 feet
north of the entrance on October 21, 1909. The entire bench is clean -
coal, and separates both from the roof and from the floor in mining.
Sample 9281 was taken from the south end of the south gangway
about 36 feet beyond chute 26. The bed contains about 24 inches of
carbonaceous shale at the bottom, which can not be entirely separated
from the coal. About half of this was included in the sample. The
coal was slightly moist, due to seepage of water through the joints,
and was not dried before being sealed in the can and sent to the
laboratory. Sample 9282, which came from the same place in the
mine as No. 9281, represents a layer of bony coal lying between the
two main benches of the bed, and was taken to determine whether it
contained enough carbonaceous matter to be of value in the manu-
facture of gas if the entire bed was worked. Sample 9283 was taken
from the upper bench at the place in the mine from which No. 9281
was taken. The bench is clean and separates freely from both the
roof and floor, but it is not mined except along the gangway. This
sample was very slightly moist when sealed in the can, but not suffi-
cient to increase the percentage of moisture noticeably. The analyses
of these samples are given on page 47.

91320°—Bull. 474—11——7
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Character and quality of the coal.—The coal of the lower bench is
pitch black in color and has a dark-brown streak. It has a vitreous
luster and is massive without any distinct banding. The fracture is
irregular and, along the planes of the butt joints, somewhat con-
choidal. The coal from the upper bench resembles that of the lower
bench except that it is slightly banded. The McKay coal has a
relatively small amount of moisture and does not crumble when
exposed to the sun. It is noncoking bituminous coal of rather high
grade, and compares favorably with many of the noncoklng coals
from the eastern part of the United States

MORGAN.

Morgan, slope mine 1 mile northwest of Black Diamond, on the
Columbia & Puget Sound Railroad. No. 12.

Operator: Pacific Coast Coal Co., Seattle, Wash.

Kind of coal: Bituminous.

Coal beds.—Two beds, the lower of which is known as the McKay
and the upper as the Little or Upper McKay, are being worked in this
mine. Near the surface the two beds are separated by about 10 feet
of shale and sandstone, but in the lower workings, which are about
3,000 feet down the dip from the surface, the sandstone increases in
thickness to nearly 90 feet. The beds strike about north-south near
slope, from which point northward the outcérop swings gradually to
about N. 20° E. The dip is about 25° W. Both beds are uniform in
thickness throughout the workings, and the partings are fairly regular
- for a considerable distance. The following sections were taken at the
places from which the samples were obtained:

Sections of coal beds in Morgan slope. ' ”3.
No. 9106, McKay bed. No. 9108, Upper McKay bed.
Shale. Ft. in. ) )

* Coal, good, clean, bright... 6 Shale, black. - : Ft. in,
Coal, shaly and bone....... 1 Foal.in 14

o S 2| . Shalelens...coonnnn 2
Shale Coal..........o.oo.... 3 23

6 3% Shale

- 4 8

Preparation for market.—No attempt is made to separate any of the
partings from the coal-in the mine. At the bunker the coal from the
two beds 1s picked over different sets of screens. It is not necessary
to pick the coal from the lower bed except to remove pieces of mine
timber and fragments which may have broken from the roof and floor;
the upper bench is picked more carefully to remove the shale partings
which in many places are present in the coal.
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Samples for analysis.—Sample 9106 was taken from the McKay bed
on the north side of chute 46 about 12 feet above the north gangway on
the sixth level. At this point the bed has a very good roof which does
not break or become mixed with the coal, but it is underlain by about
3} inches of shaly coal which sometimes breaks from the floor and
must be separated at the bunker. Sample 9108 was taken from the
Upper McKay bed on the south side of chute 11, about 15 feet above
the north gangway on the sixth level. A lens of shale contained in
the bed can be separated from the coal by picking, and was not in-
- cluded in the sample. Analyses of these coals are given on page 47.

Character and quality of the coal.—The coal of the McKay bed is
pitch black, has a dark-brown streak, and breaks with an irregular,
slightly conchoidal fracture along the lines of the butt joints. Else-
where the fracture is irregular. It has a vitreous luster and massive
structure. - The coal contains' a small amount of moisture and does
not slack when exposed to the sun. Sulphur is present in it in some-
what higher amount than in the coal from the same bed farther east
and north. A small amount of gas, which is given off from the coal
very slowly, accumulates at the top of the working rooms and makes
necessary the use of safety lamps. The McKay bed yields a non-
coking bituminous coal which compares very favorably with the
better grades of bituminous coal obtained in the Kastern States.
The coal of the Upper McKay bed is pitch black and has a dark
brown streak and a somewhat splintery fracture; it may be readily
distinguished from the McKay coal by its slightly banded texture.
It contains about the same amount of moisture as the McKay and
does not slack when exposed to the sun, but its ash content is some-
what higher. Like the McKay, it is a noncoking bituminous coal of
good quality.

BLACK DIAMOND NO. 14.
" Black Diamond No. 14, slope mine at Black Dlamond on the
Columbia & Puget Sound Rallroad No. 13.

Operator: Pacific Coast Coal Co., Seattle, Wash.

Kind of coal: Bituminous.

Coal beds.—Two coal beds are being worked at this mine. The
lower one is known as the McKay and the upper one as the Little
McKay, or Upper McKay. At the surface these beds are separated
by about 4 feet of shale and bony coal, but the distance between the
two beds increases greatly toward the deeper part of the workings.
At the ninth level, about 3,200 feet down the dip from the surface,
the beds are separated by about 90 feet of sandstone. At the main
slope the beds strike N. 75° W. and dip 30° SW.; beyond the electric
slope in the west end of the workings the strike is nearly N. 25° W, .-
and the dip is 30°SW. The beds are uniform in thickness throughout
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the mine, and the p@rtings and impurities in the beds are fairly con-
tinuous. The following sections were measured at the places from
which the samples were obtained:

Sections of coal beds in Black"Diamond No. 14 mine.

No. 9105, McKay bed. ) No. 9114, Upper McKay bed.
Shale, brown, sandy. Ft. in. | Shale, brown. Ft. in.
*Coal.....o..o.o.ll.. 5 % * Coal, bright, black......... 114
* Coal, bony, soft...... eeaes 3 Shale, black, carbonaceous. 7
. o *Coal...ooiiiiiii ... 2 93

5 3% | Shale, black, carbonaceous.
. 4 4

Preparation for market—No attempt is made to remove any of the
partings from the coal in the mine. At the bunker the coal from
. the two beds is picked over separate screens. It is not necessary to
pick the coal from the lower bed except to remove pieces of mine
timber and fragments which may have broken from the roof and
floor, but the upper bench is picked more carefully to remove the
shale partings which in many places are present in the coal.

Samples for analysis.—Sample 9105 was taken from the McKay
bed 70 feet from the gangway in chute 59 on the eighth level north.
At this place the bed contains a layer of bony coal near the bottom,
which is used as a “mining,”’ and which can not be readily separated
from the coal without washing. It is believed to be so low in ash
that it will not materially decrease the quality of the coal from the
remaining part of the bed. ,Sample 9114 was taken from the Upper
McKay bed 20 feet beyond chute 16 on the eighth level gangway north.
The bed contains one shale parting which can be separated at the
bunker and which was not, therefore, included in the sample. The
shales which overlie and underlie this bed are mixed to some extent
with the coal and must be removed at the bunker. The analyses of-
the samples are given on page 47. '

Character and quality of the coal.—The coal of the McKay bed is
pitch black, has a dark-brown streak, and breaks with a somewhat
conchoidal fracture along the lines of minor joints. Except at the
- joints the fracture is irregular. It is massive and has a vitreous
luster. It contains a small amount of moisture and does not slack
when exposed to the sun. The amount of sulphur is somewhat
higher than that of the same coal farther to the east and north. A
small amount of gas is given off from the coal very slowly and accumu-
lates in the abandoned rooms, making necessary the use of safety
lamps. The coal is a noncoking bituminous coal and compares very
favorably with the better grades of bituminous coal obtained in the
Eastern States. The coal of the Upper McKay bed is pitch black,
and has a dark-brown streak and a somewhat splintery fracture; it
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may be readﬂy distinguished fr om the coal of the McKay bed by its
slightly banded texture. It contains about the same amount of
moisture as the McKay and does not slack when exposed to the sun,
but has a somewhat greater amount of ash. Like the McKay it is
a noncoking bituminous coal of good quality.

LAWSON.

Lawson, a slope mine 1 mile northeast of the Black Diamond, on the
Columbia & Puget Sound Railroad. No. 14.

Operator: Pacific Coast Coal Co., Seattle, Wash.

Kind of coal: Bituminous. .

Coal beds.—The Upper or Little McKay and the McKay proper
occur as practically one bed of coal in this mine. Only the McKay
is mined, however, except in the gangway, where the upper bed is
taken out to give additional space in which to handle the cars. The
beds are separated by about 10 inches of hard, black carbonaceous
shale, which is used as a roof for the McKay bed throughout most of
the workings. The beds strike N. 25° E. and dip 60° SE. at the west’
end of the workings, and strike N. 69° E. and dip 30° SE. at the east
end. The McKay bed is uniform in thickness throughout the mine.
The following sections were measured at the places from which the
samples were taken:

Sections of coal beds in Lawson mine.

No. 9104, McKay bed. No. 9107, Upper McKay bed.
: Ft. in. | Shale. Ft. in.
Shale, black, carbonaceous....... 11 *Coal with few layers of car-
*Coal oo L 4 9 bonaceous shale.......... 2 23
Shale, brown, carbonaceous. - ‘Shale, black, carbonaceous . 1
5 8% *Coal......ooiiiiiiiiLll. 1.
Shale, brown, sandy ....... 1
Coal, bony ................ 2%
*¥Coal ..o 1 23
Shale, black, carbonaceous....... 11
Coalbed.................. ‘5 8%

Preparation for market.—No attempt is made to remove any of the
partings from the coal in the mine. At the bunker the coal from the
two beds is picked over separate screens. It is not necessary to_pick
the coal from the lower bed except to remove pieces of mine timber
and fragments which may have broken from the roof and floor. The
upper bench is picked more carefully to remove the shale partings
which in many places are present in the coal.

Samples for analysis.—Sample 9104 was taken from the McKay -
bed on the side of the gangway between chutes 73 and 74 of the sixth
level. The bed has a fairly good roof and floor and what impurities
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break from them are separated at the bunker. - Sample 9107 was taken
from the Upper McKay bed at the place from which sample 9104 was
taken. The bed contains several partings of shale and bony coal
which can be separated from the good coal by very careful picking and
washing, and these were not included in the sample. The analyses of
these coals will be found on page 48. '

Character and quality of the coal.—The coal of the McKay bed is
pitch black, has a dark-brown streak, and breaks with a slightly
conchoidal fracture along the lines of minor joints. In other direc-
tions the fracture is irregular. It is massive and has a vitreous
luster. . It contains a small amount of moisture and does not slack
on exposure to the sun. A small' amount of gas, which is given off
from the coal very slowly and which accumulates at the top of the
working rooms, makes necessary the use of safety lamps. The coal
is noncoking, and compares very favorably with the better grades of
bituminous coal obtained in the Eastern States. The coal of the
Upper McKay bed is pitch black, and has a dark-brown streak and a
somewhat splintery fracture. It may be readily distinguished from
coal from the McKay bed by its slightly banded texture. It contains
about the same amount of moisture as the McKay, and does not
slack when exposed to the sun, but the amount of ash is much greater
than in the McKay, owing to the presence of thin layers of carbona-
ceous shale in the upper layer of the coal. Like the McKay, it is a
noncoking bituminous coal of good quality.

SURFACE EXPOSURE AT FRANKLIN.

Surface exposure at Franklin, on opposite side of Green River
from the old Sullivan mine of the Pacific Coast Coal Co. No. 15.

Kind of coal: Bituminous. '

Coal bed.—This coal bed is known as the McKay. The outcrop
from which the sample was taken is the southeasternmost limit of
the McKay bed as known at the present time. It strikes north and
south and dips about 52° W. The bed is somewhat thinner at this
point than to the northwest. The following section was taken where
the sample was obtained:

Section of McKay coal bed at Franklin.

No, 8484 '
Ft. in
a0 Y 4 33
Shale, CArbONACEOUS. .. tiiiee et i aa e iaaaeaan 33
- Shale.
4 7

Sample for analysis.—Sample 9484 was taken by removing about
2 inches of coal from the surface of the bed and channeling according
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to the usual method. The bed had been exposed to the air for a
considerable length of time, and portions of it were overgrown with
moss. The coal is separated from the floor by about 3% inches of
carbonaceous shale, which may break from the floor and mix with
the coal in mining. The analysis of this sample is given on page 48.

Character and quality of the coal.—The coal is pitch black and has a
dark-brown streak and a vitreous luster. It breaks with a somewhat
conchoidal fracture along the lines of the minor joints. Elsewhere
the fracture is irregular. It contains a small amount of moisture,
and does not crumble when exposed to the sun. The heating value
of this sample, though taken from a surface which had been exposed
to the weather for a long time, is greater than that of any of the other
samples taken from -the McKay bed. The coal is noncoking and is
classed as a high-grade bituminous coal. '

KUMMER.

Kummer, water-level drift on north bank of Green River, about
one-fourth mlle south of Kummer, on the Columbia & Puget Sound
Railroad. No. 16.

Operator: Denny-Renton Clay & Coal Co., Seattle Wash.

Kind of coal: Subbituminous.

Coal beds.—Several beds of coal and carbonaceous matter are
exposed, and the better beds of coal are worked in conjunction with
several layers of clay, which are used in the manufacture of brick and
terra cotta. The two coal beds from which samples were taken are
very close together. They strike nearly north and south and dip
about 40° E. The following sections were measured at the places
from which the samples were obtained:

Sections of coal beds tn Kummer mine.

No. 9118, bed No. 1. No. 9115, lower bed.
: Ft. in. Ft. in.
" Shale, black, carbonaceous. *Coal, slightly bony._...... 9
*Coal, bright................ 3 8% *Shale, hard, black, carbo-
Shale, brown, soft......... 1 . DACEOUS...%uueenneannnn. 3
*Coal, bright.....ccovvruann. 5 *Coal............ 33
Shale. Shale, black carbonaceous 3
4 2% *Coal, hard, containing some
’ bony layers .............. 2 93
Shale, hard, black, carbonaceous. 3 8%
% Coal bed......... P 4 13

Preparation for market.—No attempt is made to separate the
impurities from the coal in the mine. The coal is picked at the
bunker to remove the shale that breaks from the roof and floor and
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is mixed with the coal which is used by the company owning the
mine for the manufacture of brick and is not cleaned as well as it
would be if it were placed upon the open market.

Samples for analysis—Sample 9113 was.taken from the north side
of the chute about 1,500 feet north of the entrance to the gangway
on bed No. 1, and about 60 feet up the rise from the water level.
The bed contains one shale parting, which can be separated by
careful picking and washing and was therefore not included in_ the
sample. The roof and floor are of shale, which breaks off to some
extent and should be removed from the coal in preparing it for use.
This bed is the only one worked at present. Sample 9115 was taken
from the lower bed from the side of a cross tunnel about 100 feet
south of the entrance to the gangway of bed No. 1. The bed contains
thin layers of hard black shale and a large amount of bony coal that
can be separated from the good coal only with difficulty. . The
3-inch shale parting near the bottom of the bed, however, can be
separated by careful picking, and this parting was not included in
the sample. © The coal is underlain by hard black carbonaceous shale
containing stringers of coal. This shale does not part readily from
the lower bench of the bed, but will have to be separated from the coal
in preparation for the market. The analyses of these samples .are
given on page 48.

Character and qualzty of the coal.—The coal of bed No. 1 is pltch
black, and has a dark-brown streak and a vitreous luster. It is
massive and slightly laminated, and breaks with an irregular fracture.
Although it contains a moderate amount of moisture and crumbles
when exposed to the direct rays of the sun, it will stand shipment to
considerable distances in closed cars. It is a high-grade subbitumi-
nous coal and has a heating value somewhat higher than that of any
of the other subbituminous coals in the State. Its amount of fixed
carbon is considerable higher than that of any other subbituminous
coal in the State, and somewhat higher than the McKay coal, which
is considered a high-grade bituminous coal. The coal from the other
bed is nearly pitch black and has a dark-brown to reddish brown
streak. It has a banded, shaly structure and breaks with an irregular
fracture. It contains considerable moisture and weathers when
exposed to the direct rays of the sun. Owing to its excessive amount
of ash, the coal is at present of little commercial value. It was used
at one time as fuel for the boiler which operates the bunker and
hoisting machinery, but as it was found unsatisfactory its use has been
discontinued. It is a high-grade subbituminous coal, but its great
amount of ash reduces its heating value to a figure much lower than
that of any other high-grade subbituminous coal of the State.
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Gem, water level and slope mine at Franklin, on the Columbia &
Puget Sound Railroad. No. 17. '

Operator: Pacific Coast Coal Co., Seattle, Wash.

Kind of coal: Bituminous.

“Coal bed.—The coal bed operated at this mine, known as the Gem,
lies about 500 feet stratigraphically above the McKay bed at Franklin.
It strikes N. 2° W. and dips from 53 to 55° W. The thickness of the
bed varies from 2% to 4 feet in different parts of the mine. The fol-
lowing section was taken at the place from which the sample was
obtained: : : ‘
Section of Gem coal bed in Gem mine.

No. 9108.
Shale, bony. Ft. in.
K052 3 6%

Shale, bony.

Preparation for market—The bed is inclined at an angle too high to
permit separation of impurities during mining. Bony coal and shale
from the hanging and foot walls and ‘‘niggerheads,’”’ which are
frequent.in some parts of the mine, are removed by picking at the
bunker.

Sample for analysis.—Sample 9103 was taken 10 feet up chute 9
from the. entrance to the lower water-level gangway. Both the
" hanging and foot walls are firm in this part of the mine, but in other
parts they are mixed to some extent with the coal and must be sepa-
rated from it in preparing it for the market.” The analysis of this
- sample 1s given on page 48. '

Character and quality of the coal.—The coal is pitch black and has a
dark-brown streak and vitreous luster. It is somewhat banded and
laminated and breaks with an irregular fracture. It contains a small.
amount of moisture and does not weather when exposed to the air.
Ash is present in greater amount than in the McKay bed but to about
the same extent as in the upper McKay bed. When loaded on cars
for shipment, the lumps can not be distinguished from the lumps of
the upper McKay. Like the coal from other mines in this immediate
vicinity it is noncoking.

SURFACE EXPOSURE SOUTHWEST OF FRANKLIN.

Surface exposure on south bank of Green River, about three-fourths
of a mile southwest of Franklin. No. 18.

Kind of coal: Bituminous (%).

Coal bed.—The coal bed is exposed in an open cut about 20 feet
above the bed of the river. A drift has been driven on the strike for a
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distance of about 70 feet in the lower part of the bed. The coal at
the end of the drift was covered with mud and water which had seeped
through. from above. The coal at the surface when dressed for
sampling appeared much more free from impurities than the coal
in the drift, and the sample was therefore taken at the surface. The
bed is believed to be the same as the Gem which is worked at Franklin.
It strikes N. 22° W. and dips 60° SW. The following section was
taken where the sample was obtained:

Section of Gem (2) coal bed in surface exposure threefourths of a male southwest of Franklin.

Nv. 9487,

Ft. in

_ Coal, minutely jointed.............. ..ol 5
Coal, cubie fracture. . ... .. il 81

- 00al, DONY .« -t

Bone with thin stringers of coal.......... ... ... ... ... 5
Shale with thin layers of bone and coal............... ... 81
Shale, black, with layers and stringers of coa,l ............ 1. 2%
Coal, bony. .o 1 2%
*Coal - v e 2 8

Shale, black, carbonaceous: :

' 7T 5%

Sample for analysis—Sample 9487 was taken from this bed. The
layer sampled is overlain by bony coal and underlain by carbonaceous
shale, both of which would probably adhere to some extent to the
coal and should be separated from it in preparation for the market.
The analysis is given on page 48.

Character and quality of the coal.—The coal is nearly pitch black and
has a dark-brown streak. It is slightly banded and laminated and
has an irregular fracture. The sample as received at the laboratory
has a somewhat high percentage of moisture, but whether the coal
will slack on exposure to the sun is not known. The surface of the
exposure was kept moist continually by a spray from a small stream
which falls down along the footwall of the bed, so that the coal was
. not exposed to the action of the air. The coal is noncoking and
should be classed as either a very high-grade subbituminous or a low-
grade bituminous. Its heating value is about the same as that of
the better grades of subbituminous coal obtained in the State.

ROSE-MARSHALL.

Rose-Marshall, slope mine, about 1 mile west of Cumberland,
Wash., on a proposed extension of the Northern Pacific Railway.
No. 19.

-Operator: Rose-Marshall Coal Co., Seattle, Wash.

Kind of coal: Bituminous.

Coal bed.—The coal bed is known as the John Harris bed and is
supposed to be one of a group mined at Franklin and Black Diamond.
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The beds strike nearly north and south and dip about 60° W. The |
following section was measured where the sample was cut:

Section of John Harris coal bed in Rose-Marshall mine. -

No. 10512. :

Shale, roof. Ft. in.
Coal, with layers of bone and clay.. U &

B0 1 1

Shale, carbonaceous.............. ...l 2
-*Coal, cubical fracture. ... .. .. .. .o . .. 5

Coal, bony. ’ —_
: n 3

Preparation for market.—No bunkers for cleaning and storing the
coal had been erected at the time of the writer’s visit.

Samples for. analysis —Sample 9293 was taken by cutting channels
across the face of ‘six lumps of éoal stacked under a small cover near
the entrance to the slope. The mine was filled with water above the
point in the slope where the bed was first encountered. These lumps
. which were sampled had been exposed to the direct rays of the sun
“for at least a part of the day for about three months, but the coal was

bright and fresh and showed no indications of weathering. Sample
10512 was obtained by G. W. Evans in April, 1910, after the mine had
been reopened and placed in operation. It was taken 500 feet down
the slope from the surface and on the left-hand side. A layer of
carbonaceous shale in the bed, which can be separated from the coal
by picking and washing, was not included in the sample. The coal
was moist when taken from the mine and sealed in the can, and the
analysis shows a slightly higher percentage of moisture than an
analysis of a dry sample. The analyses of these samples are given
on page 49.

Character and quality of the coal. —The coal is pitch black in color
and has a dark-brown streak. It is banded and has either a slightly
irregular conchoidal fracture or a somewhat cubical fracture. It
contains a small amount of moisture and does not weather when
exposed to the sun. In heating value-it compares favorably with
many of the bituminous coals of the east and with the McKay coal
at Black Diamond and Franklin.

INDEPENDENT.

Independent, slope mine, about 1 mile south of Cumberland,
Wash., No. 20. ' :

Operator: Independent Coal Co.

Kind of coal: Bituminous.
. Coal bed.—One coal bed, which strikes N. 30° E. and dips 55° SE.,
is exposed. The section given below was taken at the foot of the
slope, which has been sunk to a depth of only about 20 feet.
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Section of coal bed in Independent mine.

Shale, black, carbonaceous. Ft. in.
*Coal, bony (sample No. 9474)........ooo. oo ...3 5
*Coal (sample No. 9286). .. ..o 2 2%
“*Coal, bony (sample No. 9286).......ccooorieieinan.... 1 234 .

Covered....coevunnnn... e e 1 2%
Shale, carbonaceous, black. :

8 4+

Samples for analysis—Samples 9474 and 9286 were taken from the
two benches of the bed at the foot of the slope. Sample 9474 was
taken from the upper bench and sample 9286 from the lower bench of
the bed. About 14 inches of the lower part of the lower bench was
covered and could not be sampled, so that the character of this part
of the bed is not known. Both hanging and foot walls are firm, and
will probably not mix appreciably with the coal. The analyses of
the samples are given on page 49.

Character and quality of the coal.—The coal from the upper bench
is grayish black and has a brown streak. It is banded and breaks |
with a conchoidal fracture. The amount of moisture present in it
is relatively small and the coal does not weather when exposed to the
air. The amount of ash is very high, but the heating value is suffi-
cient to make the coal marketable. It is a noncoking bituminous
coal and resembles the coal from bed No. 5 at Ravensdale. The
coa] from the lower part of the lower bench resembles that from the
upper bench. but is higher in ash. The coal from the upper part of
the lower bench is pitch black; has a dark-brown streak and a vitreous
luster. It is only slightly banded, and breaks with an irregular
splintery fracture. It appears to be much lower in ash and to have
a much higher heating value than any of the other layers in the bed.
The coal appears to be of high grade, and resembles that from bed
No. 5 at the Green River Coal Co.’s mine. This portion of the bench,
if worked with the upper bench, would give a product with only a

- moderate amount of ash.
SUNSET.

Sunset, water-level mine, about 1 mile southeast of Cumberland.
Bunkers are located on the Northern Pacific Railway about 1 mile
from the mine. No. 21.

Operator: Sunset Coal Co., Cumberland, Wash.

Kind of coal: Bituminous. _

Coal beds.—Three coal beds have been worked. Bed No. 1, the
highest in the group, was worked by a water-level gangway, which
has been abandoned and closed up. Beds No. 2 and No. 3 are -
benches of a lower bed of coal, and are worked together in some
parts of the mine. Bed No. 7 outcrops farther to the north on the
hill and several hundred feet lower down in the formation. The
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beds strike about N. 60° E. and dip from 42° to 60° SE.
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The thick-

ness of beds No. 2 and No. 3 varies considerably within short dis-

tances, and the partings are somewhat irregular.
are the only beds worked at the present time.

No. 2 and No. 3
The following sections

were measured at the places from which the samples were taken:

Sections of coal beds in Sunset mine.

No. 9263, bed No. 1. No. 9264, bed No. 2.’
Shale. Ft. in. | Shale, carbonaceous. . Ft. in.
Coal, bony.......oooo...... 7 *00al..ooei i 1 64
*¥Coal.ooeomian i 4 84 Shale.....coo.... ... 1
Coal, bony. *Coal.. - ... 84
: Shale, carbonaceous, soff,
5 3% black. . evee oo 24
No. 9265, bed No. 3. *Coal, bOny. ... ot 94
Shale, soft. ¥t. in 5 4
*Coal..ooeeueeee i 1 3% No. 9276, bed No. 7. '
*Sand brown.......oo..eo.. ] L | Bone (roof). ¥t in.
Coal... TeerTorroseresess S *Coal, bony...........L 2
Shale, carbonaceous, ““““ ‘]‘% Shale black, car bonaceous 2%
Clay. ..o 3 (07 RO 6
Sa.n(lst;one, carbonaceous. ... 33 *Coal, bony N 11
goal 4 *Coal, bony........o.oooo.... 2 5
' oal b ouy """"""""" 4 Bone, with some coal (floor)...... 1
3 8 7T %

Preparation for market.—No attempt is made to separate the im-
purities at the mine. The partings are separated {rom the coal by
picking and washing at the bunkers.

; Samples for analysis—Sample 9263 was taken from the side of an
“air chute on bed No. 1, about 30 feet down the dip from the surface.
The air chute comes to the surface about 20 feet below the crest of
the first ridge east of the entrance to the mine, and this was the
only place where a sample from this bed could be obtained. The
coal had been exposed to the atmosphere for a considerable length
of time and was somewhat weathered. The bed lies between two
layers of bony coal, which cling more or less to the coal and should
be picked out at ‘the bunkers. Sample 9264 was taken from  bed
No. 2 about 1,450 feet from the entrance to the mine. This bed
contains two partings, which can be separated by picking and wash-
ing and were not included in the sample. Sample 9265 was taken
at the same place as No. 9462, but from bed No. 3. .t contains a
parting of sand, which can be removed by washing and was not
included in the sample. Between this bed and bed No. 2 is a layer
of soft shale, of which a part can be removed in the mine and the
rest separated at the bunkers. The bed is underlain by about 16
inches of shale and more or less impure coal which may be mixed to
some extent with the coal in mining, but it can probably be removed



110 COALS OF THE STATE OF WASHINGTON.

by careful picking and washing. Sample 9276 was taken from bed
No. 7 about 30 feet from the entrance to the drift which is
located on the hill about 300 feet due north from the bunk house.
The bed contains some bony coal and one layer of black shale; the
black shale can be separated and was not included in the sample.
The roof and floor are both of bone and should not mix much with
the coal. The analyses of these samples are given on page 49.

Character and quality of the coal.—The coal from beds Nos. 1, 2, and
.3 is pitch black and has a dark-brown streak. The luster of most of
the coal is vitreous, but some from bed No. 1 displays very beautiful
peacock colors. The coal is banded and laminated and breaks with
an irregular, splintery fracture. Considerable moisture was found in
the sample taken from bed No. 1, but this moisture may be due to
absorption during weathering. The coal from beds No. 2 and No. 3
contains a small amount of moisture and does not slack on exposure
to the air, but that from No. 2 bed is rather high in ash, owing prob-
ably to the presence of a bony layer near the bottom of the bed. All
three beds are bituminous, and the coal compares favorably with
that, taken from beds Nos. 1 and 3 at Bayne. Coal from beds No. 2
and No. 3 shows fair coking tendencies and is sometimes used in
blacksmithing. The coal from bed No. 7 is grayish black and has a
reddish-brown streak. It is banded and laminated and breaks with
a splintery fracture. Inasmuch as its heating value is greatly
reduced by the excessive amount of ash contained in it, this coal may
be of little economic value until the better coals are exhausted.

NAVAL.

- Naval, water-level and slope mine at Cumberland, on the Northern
Pacific Railway. No.22.

Operator: Naval Coal Co., Cumberland, Wash

Kind of coal: Bltummous

Coal bed.—Two beds of coal, No. 4 and No. 6, are worked at this
mine. They are separated by about 12 feet of carbonaceous shale,
which is left standing after the two beds are worked out. The follow-
ing sectlon was measured in the places where the samples were taken:

Section of coal beds in Naval mine.

.Clay shale. Ft. in.

Shale, white.......... e et 3%
Bone. .o e 33
*Coal (sample 9287)............. .. .. .. el s 11
Shale. .o e 3
*Coal (sample 9287). ... ..ol ... 1 6

Shale, carbonaceous............ et e 10
Coal, hard, bony........... i 2
*Coal, fat, bony (sample 9285)... ... ... ... ... 17
#Coal (sample 9284)...cceeerivnrnimi 2 4
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Preparation for market.—No attempt is made to separate any of
the impurities in the mine. The coal is picked at the tipple over
2-inch bar screens.

Samples for analysis—Sample 9287 was taken from bed No 4 at
the first crosscut above the water-level gangway in a chute 144 feet
north of the rock tunnel. The bed contains one shale partmg, which
can be separated from the coal and was not included in the sample.’
Layers of shale and bone, in all about 7 inches in thickness, overlay
the bed and mix to some extent with the coal. These impurities
must be removed at the tipple. The shale floor is firm and does not
mix with the coal. Sample 9285 was taken from the north water-
level gangway, about 330 feet from the rock tunnel, from the upper
bench of bed No. 6. Sample 9284 was taken from the same place as
sample 9285, but from the lower bench of the bed. The bed is
between two layers of bony coal, which appear to be firm and should
not mix to any extent with the coal. The analyses of these samples
are given on pages 49-50.

Chardcter and quality of the coal.—The coal from bed No. 4 and the
upper bench of bed No. 6 is grayish black and has a reddish-brown
streak. It is banded and laminated, and breaks with a splintery
fracture. It contains a small amount of moisture and does not
weather when exposed to the air. The amount of ash in both beds is
somewhat high, but the heating value is sufficient to make the coal of
commercial value. The coal of the lower bench of bed No. 6 is pitch
black and has a dark-brown streak and a vitreous luster. It is
slightly banded and has an irregular splintery fracture. It contains a
small amount of moisture and does not weather when exposed to the
atmosphere. In ash content, which is moderate, the coal compares
favorably with the best coal in bed No. 5 at Bayne and the coal from
bed No. 3 at Occidental. The coal from bed No. 4 and from the upper
bench of bed No. 6 shows a tendency to coke and that from the lower
part of bed No. 6 should produce fairly good coke. This coal should
be classed as a fair grade of bituminous-coal. = - -

EUREKA.

Eureka, abandoned water-level mine about 1 mile south of Bayne.
No. 23.

Kind of coal: Bituminous.

Coal bed.—The coal bed belongs to the same group of beds as that
exposed in the mine of the Green River Coal Co. at Bayne. It strikes
N. 85° W. and dips 38° SW. The bed, as exposed in the gangway,
contains a great number of partings of shale and bony coal, and only
a portion of it is pure enough to be mined economically at the present
time. The section following was measured. - . :
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Section of coal bed in Bureka (abandoned) niine.

No. 9294.
Ft. in
“Shale, black, carbonaceous..........._. e 1 1
FOoal. o e 1

Shale, brown. ......... e 23

* B 07 2 1

*Coal, crushed, and carbonaceous shale? 1

“Sulphur’’ band and sandy shale............. .00 ... 23
*O0al. oo i 93
Boneand shale. ... .. . . .. ... .. 5
Coal. ...l i 34
Shale. .o e 2%

Coal. ot 5

Shale. ..o 1
Coal. ..ol 33
Boneand shale. ........ ... ... ... ..., 23
Mixture boue and shale crushed........ ... ... ...... 1 7
Bone. oo 33
Coal, crushed, bony... ... .o oL 6

Shale, carbonaceous. ... . . 25+
10 105

Sample for analysis.—Sample 9294 was taken from the side of the
gangway 174 feet from the entrance to the mine. Two partings which
occur in the bed can be separated by careful picking and washing, and
were not included in the sample. The analysis of the sample is given
on page 50.

Character and quality of the coal.—The coal is pitch black and has
a dark-brown streak and a vitreous luster. It is banded and breaks
with an irregular fracture. It contains a small amount of moisture
and does not weather when exposed to the air. ~Although the amount
of ash in the sample is large, the heating value is high enough to make
the coal of considerable commercial value. The coal is bituminous
and of about the same quality as that from beds No. 1 and No. 2 at
Bayne.

BAYNE.

Bayne, water-level tunnel and drift mine at Bayne, on the Northern
Pacific Railway. No. 24.

Operator: Green River Coal Co., Seattle Wa,sh

Kind of coal: Bituminous.

- Coal beds.—Three coal beds, Nos. 1, 3, and 5 in ascending order, are
being worked in this mine. One is separated from another by several
hundred feet of sandstone. The beds strike N. 30° W. and dip 34°
NE: They are uniform in thickness and the partings are fairly con-
tinuous. The following sectlons were measured where the samples
were obtained:
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Sections of coal beds in Bayne mine.

No. 9112, bed No. 1.

No. 9110, bed No. 3.

Shale, black. - Ft. in. | Shale, sandy." Ft. in.
*Coal. . ..oooviiiiiiil... 10 *Coal. . ..ol 1 8%
*Shale, black, carbonaceous, Shale, carbonaceous, very

hard. ... oLl % goft. ... .l ... 2%
*Coal. . ..ol 1 9% *Coal. . ... ...l 9%
Shale, soft, carbonaceous. . . 3% Shale, gray................ . 1
*¥Coal. ..o 34 *Coal. . ..ol 4
Shale, hard............ .. " 1 Shale, gray.; .............. 2
*Coal, with small ‘“nigger- *Coal. ..o ... 5

heads” ... .ol 11 Shale, gray................ 23
Shale, black, carbonaceous. . 2 *Coal. oo, 1
*Coal. . ..........ol... 3% Shale, gray................ 1
Shale, carbonaceous........ % *Coal. ..o . 7
*Coal. ...l 3% | Shale, black, carbonaceous.
Shale, black................ 2 4
*Coal. . oo 1 2 Nos. 9268, 9269, 9275, bed No. 5.
Shale, brown, carbonaceous. Shale, soft, carbonaceous. Ft. in.
] ‘ 6 7 *Coal. . ...l 2
No. 9109, bed No. 5. Shale, carbonaceous.
Shale. Pt. in.
Shale, black..................... 7 No. 9483, highest bed on hill.
% Shale. . Ft. in.
Coal. ..oovii 2 2%
: *Coal. . ..... ... ...........
Shale, soft, brown, carbona- :
Shale, carbonaceous........ 1
CEOUS. - covieieeaaannnnnn 2% * . .
% Coal, slightly bony......... 1
Coal. ... .ol 2 7 Sand
Shale, carbonaceous. ARG oo o . 1
5 7 *Coal, stringy and slightly
bony ..o 8
Clay, yellowish.
1 114

Preparation for market.—No attempt is made to separate the part-
ings from the coal in the mine. At the bunker the coal is passed over
a shaking screen having 2-inch perforations; the oversize is hand
picked and the undersize washed twice through a new model of the
Pittsburg jig, which is supposed to remove 95 per cent of the im-
purities.

Samples for-analysis.—Sample 9112 was taken on the north side of
the main rock tunnel where it crosses bed No. 1. The bed contains
numerous partings, most of which have a higher specific gravity than
the coal and can be separated by carefully adjusting the washers.
The top parting only was included in the sample. Sample 9110 was
taken from the face of the south gangway on bed No. 3, about 70 feet

' from the main tunnel: This bed also contains numerous shale part-
ings, which can be separated from the coal by very careful picking and
washing, which were not included in the sample. Sample 9109 was
taken on bed No. 5, 55 feet above the gangway and 15 feet to the left
of chute 9. The bed contains one shale parting that can be separated
from the coal, and was not included in the sample. Both the roof and

91320°—Bull. 474—11——8 ‘
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the floor of the mine are very firm and do not mix with the coal in
mining. Samples 9275, 9268, and 9269 were taken from the lower
2 feet of good coal from bed No. 5in a small drift at the outcrop of
the bed on the hill above the entrance to the mine, to show the effect
of weathering upon this grade of coal. Sample 9275 was taken at
the entrance to the drift 1 foot beyond the first set of timbers. The
coal was weathered and much jointed, the joints being filled with mud
and iron rust. Sample 9268 was taken 9 feet beyond the first set
of timbers. The coal, which appears to be somewhat shaly at this
point, was weathered, and the major joints were filled with mud.and
iron rust. Sample 9269 was taken 15 feet from the first set of tim-
bers. The coal was bright and firm and represents about the best
coal that could be obtained from bed No. 5 in the mine proper.
Sample 9483 was taken from the highest bed on the hill above the
Bayne mine. It was very poorly exposed in a small prospect, and
appeared to be faulted out of its regular position in the group. It
contains several partings which can be separated by careful picking
and washing, and these partings were not included in the sample.
. The analyses of these samples are given on pages 50-51.

Character and. quality of the coal.—The coal from beds Nos. 1,
3, and 5 is nearly pitch black and has a dark-brown streak and a vitre-
ous luster. It is massive and laminated and breaks with an irregular
fracture. It contains a small amount of moisture and does not crum-
ble when exposed to the air. All the samples, except the one taken
from the lower bench of bed No. 5, show a high percentage of ash.
A small amount of gas is liberated after the coal is shot, and this
accumulates in sufficient quantities to necessitate the use of safety
lamps-until the rooms can be tested and brushed out. This coal is
bituminous and of good grade; the large amount of ash accounts for
the low heating value. The coal shows coking tendencies, and is used
at the mine as blacksmithing coal for rough work. Coal from the
small prospect at the top of the hill contains little moisture, but the
high percentage of ash makes it of little economic value at the present
time. : :

Comparison of the analyses of the three samples irom the drift on
bed No. 5 shows a decrease in moisture and sulphur and an increase in
volatile matter in the coal as the distance from the entrance increases.
The increased amount of ash in the second sample is probably due to
the greater thickness of the films of mud in the joints and to the more

bony nature of the coal.
CARBON.

Carbon, a water-level mine about half a mile northeast of Bayne, on
the Northern Pacific Railway. No. 25.

Operator: Carbon Coal Co., Bayne, Wash.

Kind of coal: Bituminous,
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Coal bed.—The bed worked at this mine is believed to belong to the
same group as that mined by the Green River Coal Co. at Bayne. It
strikes N. 45° E. and dips about 10° SE. The upper bed, or bed No.
1, is the only one that is being worked. Bed No. 2 is separated from
No 1 by a parting that increases in thickness from a few feet at the
far end of the gangway to about 25 feet at the entrance of the mine.
_ The following sections were measured where the samples were taken:

Sections of coal beds in Carbon mine.

No. 9485, bed No. 1. No. 9489, bed No. 2.
Shale, clayey. ¥t. in. Shale, brown, sandy. . Ft. in.
Coal, bony.......cceuenn... 1 *C0al.eeenaieeieianaennena.. 2 84
*Coal.veeenieii e 2 9% Shale. .
Shale, sandy_............. 21 '
*Coal....... [ 9%
Shale, clayey.............. 1
C*Coal. e 5 +
Shale
4 gt

Preparation for market.—The coal -containg numerous ‘‘nigger-
heads’’ varying in maximum diameter from 2 inches to several feet,
most of which are separated from the coal in the mine. The coal is
picked at the bunker and washed through a jig.

Sample for analysis.—Sample 9485 was taken from bed No. 1 at a
point 630 feet west and 590 feet north of the southeast corner of sec.
15, T. 21 N., R. 7 E. The bed contains two partings, which, since
they can be separated by careful picking and washing, were not
included in the sample. About an inch of bony coal overlies the bed
and is mixed with the coal to some extent in mining. It is necessary
to remove this at the bunker. Sample 9486 was taken from spherical
nodules of coal, which occur frequently throughout the bed and range
from 2 inches to a foot in diameter. Coal of this character appears
to be brighter and more nearly pure than the remainder of the bed.
Analysis 9492 was made of a composite sample consisting of equal
parts of the coals tested in samples 9485 and 9486. Sample 9489
was taken from bed No. 2 at a point 380 feet west and 844 feet north
of the southeast corner of the same section. At this place the bed is
separated from bed No. 1 by about 2 feet of coal, clay, and shale.®
The coal is worked only in the gangway, where the floor is taken up
to give sufficient height for handling cars. The analyses .of these
samples are given on page 51.

Character and quality of the coal.—The coal from both beds is pitch
black, and has a dark-brown streak and a vitreous luster. It is mas-
sive and slightly laminated, and breaks with an irregular hackly
fracture. In general, the coal from' these beds ¢ontains a small
- amount of moisture and does not weather on exposure to the sun,
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and that obtained from the spherical nodules contains a smaller per-
centage of moisture and ash and a greater percentage of volatile
matter and fixed carbon than the remaining coal of the bed. The
coal forms fair coke and is a bituminous coal of about the same quality
as that obtained from the best beds in the vicinity of this mine.

PROSPECT DRIFT WEST OF BAYNE.

" Prospect drift about one-fourth mile west of Bayne and about 600
feet west and 140 feet south of the northeast corner of sec. 21, T. 21
N, R. 7 E. No. 26.

Kind of coal: Bituminous. ‘

Coal bed.—This coal bed belongs to the same group as that exposed
at Occidental and at Bayne. It is very nearly horizontal, and lies in
the center of the syncline passing through Lizard Mountain. At the
point in the drift where the sample was taken the bed strikes about
N. 60° E. and dips nearly 8° NW. The partings in the bed are not
uniform in thickness throughout the length of the bed exposed in the
drift. The following section was measured where the sample was

taken:
Section of coal bed in prospect drift west of Bayne.

. No. 9488.
Shale, carbonaceous. . Ft. in.
0717 8%
Shale, black, carbonaceous......... ... ... .. ..o..ol.. 3
077 16
Shale, brown, sandy 2%
077 84
Shale, sandy.... ..o 1
L S 11
Shale, sandy, carbonaceous............c.oiiiiieininaaaa.. 1
0081 e 1 3%
Shale - -
5 64

Sample for analysis.—Sample 9488 was taken 72 feet from entrance
on the upper side of the gangway. - The bed contains four partings,
which can be separated by careful picking and washing and which
were hot included in the sample. The analysis of this sample is given
Ln page 51. :

Character and quality of the coal.—The coal is pitch black, and has a
brown streak and a vitreous luster. It is massive and slightly lami-
nated and breaks with an irregular hackly fracture. It contains a
small amount of moisture and does not weather on exposure to the
air. The analysis shows a rather high amount of ash, but the heat-
ing value is high enough to make the coal of commercial value, and
ity should compare favorably with the coal from other mines in the
.immediate neighborhood. Coking tendencles are apparent in coal
taken from this prespect. :
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OCCIDENTAL.

Occidental, two slope mines and one drift, at Bayne, on a spur of
the Northern Pacific Railway. No. 27.

Operator: Occidental Colliery Co., Seattle, Wash.

Kind of coal: Bituminous.

Coal beds.—Sixteen beds of coal and calbonaceous material,
numbered in descending -order, are reported in this group. Beds
Nos. 1, .2, 3, 4, 5, 6, and 14 have been developed at different times.
At the time of the visit to the mine the openings on Nos. 4 and 5
were closed, and these beds could not be sampled: The beds strike
N. 45° E. and dip about 38° SE.; both beds and partings are about
uniform in thickness throughout the workings. The following sec-
tions were measured at the places where the samples were obtained:

Sections of coal beds in Occidental mine.

No. 9479, bed No. 1. No. 9480, bed No. 2.
Shale. vt in. | Shale, black, carbonaceous. ¥t In.
Clay and coal, irregular streaks... 1 *gﬁall’ brigh;. . b ---------- 11
*¥Coal. . .ooeeiiiii e 1 5 ale, sandy, brown, varies
Shale, slightly bony, altered % ui) to 3% inches............ 1
locally to “niggerheads”... "~ 3} oal. ...l 2
*Coal, bony. . ...o.oi.oio... 1 Clay, soft, pale yellow, varies
*Coal, bright................. 4 1 from 1 to 5 inches........ 23
Coal, bony. . *Coal o ooiiiii i 3
6 103 Shale, brown, carbonaceous. . 3
No. 9478, bed No. 3. *Coal, bright. . .... s 1 5
: Shale, brown................ 3
Shale, carbqnaceous. *Coal, bright. . ........... .. 5%
*Coal, slightly bony near cen- Ft. in. '
R T .5 3 9
Oli(;rr ! 1 No. 9475, bed No. 3.’
*Coal, hard, bright.......... 1 11 Sha*le, black. o Ft. in.
Shale. oo 2 % J(;O(Il ....................... 113
S Bone....ooiiillll
*Coal. oo 1 #Goal 5
Shale, black................. ... 8% Bopo. e 3
10 (L
) 5 9 *Coal. ..o 1 9‘}
No. 8481, bed No. 6. *(S}ha:e ----------------------- 1?
oal. .o
Shale, black, carbonaceous. Ft. in. Shale, sandy................ 3
*Coal........... s 1 2% *Coal...............: e 5
“Sulphur’ band............. 1 | Shale, floor. —
*
ggall‘ T 1 g% No. 9477, bed No. 14, }
*C, o'j,le’ T BEY - ceeeee ;| Shale, carbonaceous: Ft. in.
....................... "
Shale, brown, soft. *gzzll’ Zl:fid’b};zlly """"""" 1 }
Shale, smooth. Coal Yoroomameeenns 2 9
3 7 | fOoal......... RECERRPRRRRIS
No.9476, bed No.14. *gﬁai’ hard, bright............ 1 ;5
ale. oot
Coal, bony. Ft. in. *Coal. oo 8%
*Coal, hard, bright........... 1 6| Shale, carbonaceous.
Shale. 4 A 6 13




118 COALS OF THE STATE OF WASHINGTON.

Preparation for market—Coal from the beds No. 2 and No. 3
is picked, and then washed through a small jig at a dump house near
the entrance to mine No., 3. Numerous ‘‘niggerheads” occur in
bed No. 2; the largest of these are separated from the coal in the
mine, and the others are removed at the bunker. Coal from bed

No. 14 is hand picked at another dump house at the entrance to

the slope of bed No. 14, or what is known as the new mine.
Samples for analysis—Sample 9479 was taken from the abandoned
workings on bed No. 1 on the side of an air course 550 feet from the
entrance to the first water level and on the counter gangway 250
feet above the water level gangway. The bed contains a layer of
bony shale, altered locally to ‘‘niggerheads,” which may be separated
from the rest of the coal and was not included in the sample. The
coal is overlain by about a foot of irregular bands of clay and coal,
which will come down to some extent in the rooms and must be
removed at the bunker. Sample 9480 was taken on bed No. 2,
about 70 feet up a chute 310 feet from entrance to the gangway.
The bed contains several partings, which can be separated by careful
picking and washing and which were not included in the sample.
The roof is of carbonaceous shale, and is not mixed to any extent
with the coal in mining. Sample 9478 was taken from bed No. 3
about 100 feet above the first level on the manway 30 feet north-
east of the slope. The bed contains two partings which can be
removed by picking and washing and which were not included in
the sample. Sample 9475 was taken from the same bed about 660
feet up the rise from the first level in chute 7. The bed contains
four partings, which can-be separated in- preparation for market
and were therefore not included in the sample. Both roof and floor
are firm and do not mix with the coal in mining. Sample 9481 was
taken from the south side of an old air course on bed No. 6, about
112 feet from the surface. The air course is located about 300 feet

northeast from chute 7 on bed No. 3. Two partings which occur

in the bed can be separated from the coal in preparation for the
market, and were not included in the sample. The roof of the mine
is firm and is not mixed with the coal in mining, but the bed is
underlain by 24 inches of soft shale which parts from the floor with
the: coal and must be removed at the bunker. Sample 9477 was
" taken from bed No. 14 at the New mine about 200 feet down the
"slope and 30 feet to the west, where a small room had been opened
to supply the boiler with fuel. A parting near the bottom of the bed
can be separated and was not included in the sample. The roof and
floor are firm and are not mixed to any extent with the coal. Farther
west and southwest along the gangway the bed is badly crushed,
and the roof -and floor become mixed to a considerable extent with
the coal, introducing impurities which must be removed at the bunker.
Sample 9476 was taken from the same place as sample 9477, and is

Y
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composed of coal from the 1 foot 6 inch bench of good coalin the lower
portion of the bed. Analysis 9491 was made of a composite sample
containing equal parts of samples 9476 and 9477. The analyses of
these samples are given on pages 51-52.

Character and quality of the coal.—The coal from beds Nos. 1, 2, and
3 and the lower part of bed No. 14 is pitch black and has a dark-brown
streak and a vitreous luster. It is massive and very slightly laminated
"and breaks with an irregular fracture. It contains a small amount of
moisture and does not crumble when exposed to the sun. This coal,
except that from the lower bench of No. 14, contains about the same
amount of ash as most of the coal in the vicinity of Bayne. Gas
occurs in the coal.in such quantities as to make necessary the use of
“safety lamps after shooting, or after the workings have stood vacant
for some time. The coal is bituminous, and is used to some extent
as blacksmith coal, as it will coke in the forge. It has about the same
heating value as the better grades of coal from the immediate vicinity.
The coal from bed No. 6 and from the upper bench of bed No. 14 -
is grayish black, and has a dark-brown streak and a dull luster. It
is banded and laminated, and breaks with a splintery fracture.
It contains a small amount of moisture and does not weather when
exposed to the sun. More ash is present in it than in the other sam-
ples obtained at this mine, and its heating value is correspondingly
lower. This coal is bltummous shows good coking tendencies, and
is of about the same value as that obtained from the beds of mine

No. 1 at Ravensdale.
BIG SIX.

"Big Six, a drift mine about 14 miles east of Bayne, on & spur of the
Northern Pamﬁc Railway. No. 28.

Operator: Bix Six Coal Co., Seattle, Wash.

Kind of coal: Bituminous.

Coal bed.—This mine, which has been closed for some time, is located
on what has frequently been called the Pocahontas bed. The bed
strikes N. 12° W. and dips about 31° E. The main rock tunnel to
the bed is badly caved and was not considered safe at the time of the
visit. The main bench of the bed could not be sampled, but a sample
of the upper bench was obtained from a small drift made near the fan
house on the outcrop of the bed, where the following section was taken:

Section of the Pocahontas bed in Big Sixz mine.

No. 9278,
Shale, hard, carbonaceous. : Ft.
0L, o« e 1
Shale, brown. .. ... ... e
*Coal. oo

H»A'r—"s—'mclp

Shale, carbonaceous, sandy....... R
Shale, sandy. '

w
[
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Sample for analysis—Sample 9278 was taken about 30 feet from
the entrance to the drift. The bed contains two partings of shale,
which can be separated from the coal by careful picking and washing
and were therefore not included in the sample. A foot or two of
shale separates it from the main or Jower bench of the bed. The
analysis of this sample is given on page 52.

Character and quality of the coal—The coal is pitch black, gives a
dark-brown streak, and has a vitreous luster. It is massive and
dense and breaks with an irregular fracture. It is low in moisture
and does not crumble when exposed to the sun. The ash content is
about the same as that of the average coal in the same region. The
coal is bituminous, of fair grade, and is reported to make good coke.
It has about the same heating value as the better grades of coal from
the same region.

PROSPECT AT PALMER JUNCTION.

Prospect at Palmer Junction, on the Northern Pacific Railway.
No. 29.

Kind of coal: Bituminous.

Coal bed.—The coal bed appears to belong to the group exposed at
Durham on the north and at the Big Six mine on the south. It
strikes S. 2°W.and dips 38° E. The total thickness of the bed between
hanging and foot walls is 30 feet 3% inches.” A’ drift has been driven
on the stml\e in the upper part of the bed to a distance of about 160
feet. A section of the bed follows.

Section of coal bed in prospect at Palmer Junction.

Shale, sandy (hanging wall). Tt.
Shale, black, carbonaceous
Coal, bony... :
Shale, brown
Shale, carbonaceous, with slrmgers of coa.l ................
Coal, bony..
Shale, Gray. ... ..cueriii i
Shale, carbonaceous, with stringers of coal ...... . ........
*Coal, bony (sample 9288) .. c.ooii i 1
Shale, hard, gray. ... ill., -
*Coal, bony (sample 9288) .. ceeiee

INE=)

[N =r]
=

W UL =3
=

o0 =
=

Shale, GIay. . ..ottt
Coal, DOny .o e
Shale, brown. .. ... .. . iiiiiiiaaa.
Coal, bony. ..o e .
Shale, brown, carbonaceous........ ... ... ............. 3
Shale, carbonaceous, with strmgers of bony coal and bright

C i

(<]
(S

il
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. Ft. in
Shale, brown, carbonaceous. ... ... ...oiiiiiiiciiiiaaaann. 3%
L7 ) 1
Shale, DIOWI. .. ..ottt 5
Sandstone, COArse. .. ooeeen it -
Shale, carbonaceous, with lenses of coal................._. 1
Shale, brown. .............. 3%
(077 S o 2%
Shale, sandy. ... .ot 1
Coal. .o 1
Sandstone, 80ft. .. ... 7
C0al, POOT. . e e 5
Coal. . 2%
Coal, POOT. .o 33
Shale, sandy. ... ... ... -
Shale, sandy..... ... ... i 3%
Coal, crushed. ..o e 8%
07 U 7
Shale, brown, with irregular lenses of coal................. 84
Coal. . SR : 24
. “Niggerhead” .. .. ... ... P 5
Coal....... PO e e e 33
Shale, carbonaceous, with stringers of coal........_........ 11
Coal, bony...... S hevveneann 1
Shale, sandy.. ... ... 1
Coal, bony.....ooooiiiii oL s 31
Shale, soft, brown. ... ... ... ... ... ... 6
1) T 3%
Coal, DONY . oo -6
Coal, very poor, bony (coal in thin lenseq).. e 1 9%
Sandstone. . ...l 3%
Shale, sandy black....... ... .. ... . © 3%
Shale, black, carbonaceous...... et 1
Coal........... e e i 1
Coal, DONY. ot 5
L7 1 33
Shale, carbonageous, with stringers of coal................ 8%
T00Al, POOT . e eaeeen e et et e 1
Shale, hard, sandy............... ... . e 31
Shale, 80ft. ..o 1
Coal, lens about 2 feet long. ... .. ... ... ... .. ... 1
Shale, carbonaceous, with lenses of coal.............o. ..., 9%
Coal, very badly crushed.......... ... ... ... 6
Shale, black, hard, carbonaceous....................o.... 31
107 ) 5
Shale, carbonaceous, w1th irregular lenses of coal.......... 4
Shale (footwall). —_—
30 7

Samples for analysis—Samples 9288 and 9482 were taken from the
surface of the bed just above the entrance to the drift, after about 6
inches of the coal had been removed. Sample 9288 was taken from
the upper bench, which contains a small parting not included in the
sample. Sample 9482 was taken from the lower bench. The analyses
of these samples are given on pages 52-53.
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Character and quality of the coal.—The coal from these two benches
is pitch black, and has a dark-brown stréak and vitreous luster. It
is banded and laminated, and breaks with an irregular splintery

. fracture. It contains a small amount of moisture' and does not
weather when exposed to the sun. The amount of ash is very large,
formmg about one-third of the total weight of the coal, and the heat-
ing value of the coal is so greatly reduced in consequence that it is
only about the-same as that of the lowest grade of coal in the State. .

PROSPECT SHAFT EAST OF RAVENSDALE.

Small prospect shaft about 34 miles east of Ravensdale. No. 30.

Kind of coal: Bituminous.

Coal bed.—About 5 feet of the coal bed is exposed in the bottom
of the shaft. The bed has been disturbed by local movements so
that the sections on both sides of the opening do not agree, and the
dip and strike are somewhat uncertain; as near as could be deter- -
mined from the present opening the bed strikes about N. 80° W. and
dips from 80 to 85° S. The following sectlon was taken on the west
side of the opemng

Section in Prospect shaft 3% miles east of Ravensdale.

No. 9202, .
Shale. Ft. in.
*Coal.ooeeein e 1 9%
Shale, and carbonaceous shale............. ... ... .. 2
S 07 9%
Clay, lens. . ..o e e 1
*Coal.c........... e e e e 5
Shale, carbonaceous. .. ........oooeiiiiiii 21
*C0al. e . e ... 1 5
*Coal, bony ................................................ 7

Shale.

- 5 43

Samples for analysis—Sample 9292 was taken at the place where
the section given above was measured. The bed contains three part-
ings which can be separated from the coal, and these were notincluded
in the sample. It is overlain by crushed shale, which will mix with
the coal in mining. The analysis of this sample is given on page 53.

Character and quality of the coal—The coal is pitch black, and has
a dark-brown streak and a vitreous luster. It is slightly banded and
has an irregular conchoidal fracture, resembling that of the McKay
coal, and this circumstance, among others, has led to the belief that
this may be the McKay bed. The coal contains a rather large amount
of moisture and a moderate amount of ash, so that its fuel value is
- considerably lower than the McKay. It has about the same heating
value as the average coal from the Ravensdale N o. 1 mine, and may
be & continuation of one of these beds.
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PROSPECT DRIFT NEAR BARNESTON.

Prospeéct drift run 70 feet, near Barneston, on the Northern Pacific
Railway. No. 31.

Kind of coal: Natural coke(?).

Coal bed.—The bed upon which this drift is run is one of a group of
coal beds exposed in a small ravine west of the north end of the horse-
shoe loop on the railroad. All the beds are more or less affected by
igneous intrusions, and in some places they are almost completely
burned out. The following section was taken about 10 feet from
the entrance to the drift.

Section of coal bed in prospect drift néar Barneston.

No. 8111,

Igneous rock. ) Pt i
* Shale, black, with thin streaks of coal.................... 1 2%

Tgneous rocK. . ..o oot 6
* Shale, with streaks of coked coal............. ... ... ... 3

4 8

Sample for analys'bs —Sample 9111 was taken where- the -above
section was measured. Both the hanging wall and footwall of the
bed are of a porpltyritic igneous rock which appears to be rhyolite
or andesite. The parting in the middle of the bed appears to be of
the same material, but it is much decayed and can be readily broken °
in the hand. This parting follows about.the same position in the
bed for a distance of 30 feet from the entrance. It then turns abruptly
and lies immediately under the roof. The analysis of this sample
is given on page 53.

Character and quality of the coal.—The coal has been altered by
igneous action.  The upper bench of the bed is changed almost entirely
to natural coke, and the lower bench is partially altered. The analy-
sis indicates a large amount of fixed carbon and a small amount of
volatile matter. The coal contains a high percentage of moisture,
nearly all of which is given off when exposed to the sun. This mois-
ture appears to fill the poreé spaces in the coked part of the bed, and
has probably been absorbed from the adjoining rocks. Nearly one-
third of the weight of the coal is ash. It has a low heating value,
and considering the uncertain nature of the igneous intrusions in this
v1cm1ty the bed is of no economic 1mp0rtance

DENNY-RENTON.

Denny-Renton, tunnel and drift mine at Taylor, on the Columbia
& Puget Sound Railroad. No. 32.

Operator: Denny-Renton Clay & Coal Co., Seattle, Wash.

Kind of coal: Bituminous.

Coal bed.—Five coal beds are exposed in this tunnel, which is being -
operated for several large shale beds that are of special value in the
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manufacture of brick and terra cotta. The coal beds are worked in
conjunction with the shale in order to supply fuel for burning the clay.
In descending order the beds are known as Nos. 2, 3, 4, 5, and 6.
They strike N. 70° W. and dip from 60 to 70° S. The formation
is badly broken by igneous intrusions which follow the coal beds for
some distance, parallel them in the shale, or cut across the coal at
various angles. Wherever the igneous rock comes in contact with
the coal it is altered more or less to natural coke. The igneous
rock is either rhyolite or andesite, and is more orless decomposed.
It makes excellent brick of delicate tints, and is used when encoun-
tered in the coal beds, so that the cost of mining the coal is not
increased by its presence. The following sections were taken where
the samples were obtained: : '

Sections of coal beds in Denny-Renton mine.

No. 9173, bed No. 2. No. 9176, bed No. 3.
Scale, carbonaceous. ¥t in. | Shale, carbonaceous. Ft. in.
*Coal......o..ooilllL 3 8% * Coal, slightly bony........ 6
Coal, bony. Shale, brown, hard..... ... 1
* Coal, one-third * badly
No. 9172, bed No. 4. squeezed....oveeoain.. 8%
) Shale, hard............... 2%
Shale, black. R * Coal,, lime in joints........ 11
Shale, carbonaceous............. 2% Shale. brown 1
S 2 S| G T
Shale. ‘91 Shale, carbonaceous (poor floor).
‘ 1 : 3 9%
No. 8175, bed No. 6. No. 9174, bed No. 5.
Shale, carbonaceous. Ft. in. | Shale, black, carbonaceous. Ft. in
* Coal, irregular streaks of *Coal.......... S 111
“sulphur”....... s 2 2% “Niggerhead”............. 3
Shale, brown.............. 1 *Coal ...l 111
*Ooal..... L. 2 5 | Shale, black, carbonaceous (poor
Shale, black, carbonaceous (poor floor). :
floor). 4 1
4 8} No. 519-D, bed No. 4.1 —
No. 518-D, bed No. 5.1 *Coal... ........ . 2 34
Ft. in. - Coal,bony....ccoeieao. ... 4
*Coal........ ... .0 i 5%
Shale. ..o 1 No. 520-D, bed No. 5.1 2T
*¥Coal...oooniiiiii 1 1 0. 5= Bed Jo. 8 Pt in
“Rash”. . ... il 13 *C0ale o 5
*Coal............ 2 1 * Shale and sandstone. .. . .. }
Coal, bony. *00al. 5%
3 10 Shale and sandstone. . .. .. 1
*Coaloeo oo 13
“Rash”. 2}
*Coal..ooooiiil 1 11
3 2%

1 Washing and coking tests of coal, Bull. Bureau of Mines No. 5, 1910, pp. 13-14.
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Preparation for market.—The coal from all the beds is mixed at
the bunker and picked by hand. The small coal is then washed
through a Jeffery tub washer, so that most of the partings and all
the “sulphur” balls are removed from the coal.

Samples for analysis.—Sample 9173 was taken from bed No. 2
in a small crosscut from bed No. 3 about 2,600 feet due north of the
south quarter corner of sec. 3, T.22 N., R. 7 E. It is overlain by car-
bonaceous shale and underlain by bony coal, both of which mix to
some extent with the coal in mining and must be separated. Sample
9176 was taken from bed No. 3 about 50 feet west of the place where
sample 9173 was obtained. The bed contains three layers of shale,
which can be separated by careful picking and washing and which were

- not included in the sample. The roof and floor are of carbonaceous
shale; both are more or less crushed and break off very readily.
"The floor of the mine is especially poor, and some places as much as
a foot of the shale mixes with the coal, so that the output from this
bed should be very carefully picked and washed. Sample 9172 was
taken from bed No. 4 in chute 29 of the east gangway. The bed is
overlain by about 2 inches of carbonaceous shale, which breaks with
the coal and must be separated at the bunker. Sample 9174 was taken
from chute 27, about 45 feet above the east gangway on bed No. 5.
A layer of pyrite near the center of the bed can be separated at the
bunker, and this impurity was not included in the sample.  The bed
also contains scattered through the coal small nodules of pyrite,
which may be removed by washing. The roof of this mine is of strong
carbonaceous shale, but the floor is badly broken carbonaceous shale,
and this shale mixes with the coal in mining.

Samples 518-D, 519-D, and  520-D were taken in 1908 by Karl M.
Way in connection with two cars of coal shipped from this mine to the
United States Geological Survey for testing purposes. Sample 518-D
was obtained from coal bed No. 5 at a point in the mine 2,400 feet
northeast of the drift mouth. Sample 520-D represents the same
bed of coal and was obtained at a point 3,000 feet northeast of the
drift mouth. Sample 519-D was obtained from coal bed No. 4 at
a point 1,500 feet northeast of the mouth of the mine. Sample
585-D represents a car of run-of-mine coal from bed No. 4, and 586-D
represents a car of the same kind of coal from bed No.5. Sample
6485 was taken from bed No. 5. Sample 9175 was taken from
chute 5 about 25 feet above the east gangway on bed No. 6. The
bed contains one shale parting and numerous small nodules of pyrite
which can be separated by careful picking and washing and were
not included in the sample. The roof of this bed is of carbona-
ceous shale, and is fairly firm. The bottom is of badly broken car-
bonaceous shale which slabs off to a depth of about 1 foot in places
and must be separated from the coal. The analyses of the samples
are given on pages 53-54.
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Character and quality of the coal.—The coal from beds Nos. 4, 5;
and 6 is pitch black, gives a dark brown streak, and has a vitreous
luster. 'Itis minutely jointed, banded, and laminated, and breaks with
an irregular fracture. It contains a small amount of moisture, and
does not weather on exposure to the air. It has a moderate amount
of ash and the same heating value as the average coal from the vicinity
of Bayne and Occidental. Coal from bed No. 3 resembles that from
Nos. 4, 5, and 6. Owing to .its higher amount of ash, it has a cor-
respondingly lower heating value than other coals from the same
mine. This coal has also a greater amount of sulphur than that
found in the other beds. The coal from bed No. 2 is pitch black
has a reddish-brown streak and a slightly vitreous luster. It is
massive, banded, and laminated, and breaks with an irregular
splintery fracture. It contains about the same amount of ash as the
other beds and compares in heating value with coal from mine No. 1
at Ravensdale.

PROSPECTS SOUTHEAST OF ISSAQUAH.

Prospects in the Tiger Mountain district, about 6 miles southeast
of the Northern Pacific Railway at Issaquah. No. 33.

Kind of coal: Bituminous.

Coal beds.—The beds are exposed on the north side of a ravine in a
densely wooded country. Their relation to beds'in other parts of the
county is not definitely known, foi they are more orless broken by
faults and intrusions of igneous rock and the outcrops are very
limited. The beds strike N. 43° E. and dip 44° NW. The following
sections were measured where the samples were obtained:

" Sections of coal beds in prospects in Tiger Mountain district.

No. 9290. ‘ o No. 9289.

Shale, compact. ' Ft. in. | Sandstone, massive, white. - Ft i
Shale, slaty..................... 6 | Shale, carbonaceous.............. 5
#00aleeeeieiiae .22 *Coal.. 4
Clay, dark plastlc ......... 2 Shale, brown, soft ........... 3
*Coal.. cee.... 1 8% *Coal.. et 2
Clay, Whlte plastl(, ........ 11 _ Pyrite ................. R 1
Coal, dirty.................. 11 *Coal .o 9
Clay, shaly................ 3 Clay, brown................. 2
Sandstone, massive, white, —_— *C0al. e 6
6 73 Clay. e oe e 1

: *Coal. 4

Clay, sandy .......... teeane 2

Coal.. e 6

Sandstone, massive, Whlte T—;
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Samples for analysis.—Sample 9290 was taken from the larger and
better of the two beds. The coal is so badly crushed that it could be
crumbled almost to a powder in the hand. . A parting of clay which
occurs near the center can be separated from the coal and was not
included in the coal. Sample 9289 was taken a short distance down
the stream from No. 9290 in the other bed. This bed contains
several thin partings which can be separated from the coal, and they

were not, therefore, included in the sample The analyses of these
" samples.are given on page 54. 4

Character and quality of the coal.—The coal from the prospect
highest on the creek is pitch black, with a black streak and a vitreous
luster. It is massive and dense, and breaks with an irregular fracture.
It contains a moderate amount of moisture, probably absorbed from
the overlying soil, which is given off readily on air drying. It has a
moderate amount of ash and compares in heating value with the
average bituminous coal of the State. The coal from the lowest
prospect is-pitch black and has a reddish-brown streak. It is banded
and laminated, and breaks with an irregular splintery fracture. It
contains about the same amount of moisture and a greater amount
of ash than that of the other bed and a correspondingly lower héating
value. The amount of sulphur in the coal is greater than that of
most of the Washington coals. Both coals should be classed as
bituminous. :

PROSPECT SOUTHWEST OF PRESTON.

Prospect about 1 mile southwest of Preston. No. 34.

Coal bed.—The bed is very poorly exposed, and its relation to
other beds in the vicinity is not known. The following section was
taken at the end of a small drift run on the bed about 25 feet.

Section in prospect sowthwest of Preston.
No. 8546.
Coal and shale, mixed. Ft.
*Coal, badly broken. ... ... i 34
" Coal and shale mixed. ’

Sample for analysis.—Sample 8546 was taken from the bench of
crushed coal here exposed. The joints of the coal were filled with
mud from the overlying soil and the sample was washed to remove
the mud. It was sealed in the can while still wet and the analysis
should show a higher amount of moisture than if the sample had
been dry. The analysis of the sample is given on page 54."

- Character and qual@ty of the coal.—The coal is so high in ash and
sulphur that it is of no economic value. The relation of volatile
matter to fixed carbon indicates that this is a semibituminous coal,
but taken as a whole the bed can hardly be considered more than
carbonaceous shale.



128 COALS OF THE STATE OF WASHINGTON.

NIBLOCK.

- Niblock, a series of water level drifts about 14 miles southwest of
Snoqualmie, on a spur of the Northern Pacific Railway. No..35.
. Operator: United Collieries Co., Seattle, Wash.

~ Kind of coal: Bituminous (cokmg)

Coal beds.—Four coal beds have been worked at this mine at dif-
ferent times. The mine has not been in operation for several years,
but it will probably be reopened in a short time. At the time of the -
writer’s ‘visit beds Nos. 3, 4, and 5 were the only ones from which
samples could be obtained. The coal measures strike N. 13° E.,
and dip rather steeply to the west. Bed No. 4 lies about 100 feet
stratigraphically above No. 3, and bed No. 5 about 60 feet above
No. 4. The followmg sections were measured where the samples
were obtained :

Sections of coal beds in Niblock mine.

No. 10031, bed No. 3. No. 10083, bed No. 5.
t. in Ft. in
Coal, very finely jointed.......... 1 Bone.....iooeeiii i 2
Shale, soft- ... ... 6| *Coal, bright...................... 19
Shale and clay, mixed........... 8| BONG..eeeuuiaieii i 1
*Coal, bright, clean.......... 4 *Coal, clean, bright. ............. 10
Shale, carbonaceous. Shale, carbonaceous............. 2
6 2 *%Coal.cueeiieieeciii i 2B
‘ No. 10032, bed No. 4. COAl, DONYeeeeeeeaaee e 4
Sandstone, shaly. ¥t in. | Coal, soft....... PO 1
*Coal, clean, bright......... 1 1%
Clay - oo 3 5 .10
*Coal, clean................ 1 4
Shale, carbonaceous........ 3}
ol €17} U 84
Shale, black, carbonaceous, with 3 34
coal, bottom.

Preparation for market.—The beds are too highly inclined and the
coal too finely jointed and broken to admit of the separation of impuri-
ties in the mine. The coal was picked and washed at the bunker, and
the best washed coal was used at the coke ovens on the property.. A
new bunker and washer is being installed by the United Colliery Co.
at Seattle, and to this bunker all the coal will be shipped for cleaning
and preparation for the market after it has passed the picking table.
Much of the coal will be manufactured into briquets.

Samples for analysis—Sample 10031 was taken from bed No. 3
about 25 feet up a chute 500 feet from the entrance to the highest
water level on this bed. The bed is overlain by soft shale mixed with
clay, and by a layer of finely jointed coal. A good sample could not
be obtained from this upperlayer of coal, and therefore only the main
bench of coal was sampled. The bed is overlain and underlain by
soft carbonaceous shale, which mixes to a considerable .extent with
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the coal, and must be removed in preparing the coal for the market.
Sample 10032 was taken from bed No. 4 on the middle water level
where the rock tunnel from bed No. 5 to bed No. 3 crosses bed No. 4,
at a point about 800 feet from the entrance to the tunnel on bed No. 5.
The two partings in this bed can be separated by careful picking and
washing, and were not included in the sample. Sample 10033 was
taken from bed No. 5 at the junction of the main rock tunnel to No. 5
with the gangway on the coal, at a point about 160 feet from the
entrance to the mine. The bed contains several partings, which can
be separated from the coal by careful picking and washing and which
were not included in the sample. The analyses of these samples are
given on page 55.
Character and quality of the coal.—The coal from this mine is pitch
- black, with a nearly black streak and a vitreous luster. It is dense
and breaks with an irregular cubical fracture, but owing to its minute
joints it crumbles very readily, so that the proportion of lump coal
is very small. The amount of moisture is small, and the coal does
not slack when exposed to the air. Samples from bed No. 5 show a
large amount of ash, but it is possible that much of this ash may be
removed by very careful washing. The coal is considered one of the
best coking coals in the State, and has also been used not only in
"making coke, but to some extent as blacksmith coal.

KITTITAS COUNTY.

The extent of the Roslyn coal bed on the northeast side of the field
is well known, for it has been worked nearly the full length .of the
field along this side of the synclirie in the mines of the Northwestern
Improvement Co., but the southwest edge of the field is covered by
gravel, and the geology of the coal-bearing formation is therefore
obscure. One bed of known workable thickness underlies the
Roslyn ‘bed, but its extent and value have not been determined.
The structure of the northwest end of the field is believed to be com-
plicated by faults and folds, but it is thought that a part of the struc-
ture can be worked out by careful field examination.

The principal coal bed of this field, the Roslyn, changes consider-
ably in character and quality from the southeast end of the field, near
Clealum, to the northwest end, near Beekman. Near Clealum the
coal is banded and laminated, and breaks with an irregular splintery
fracture, so that it resembles very closely some of the layers of bony
coal which it contains. At the northwest end of the field the coal is
either dense or only slightly laminated, breaks with an irregular
cubical fracture, and is more jointed and more friable than that at
the southeast end. The amount of ash in the clear coal at Clealum is
considerably greater than at Beekman, and the heating value is cor-
respondingly lower. A considerable difference in coking properties

91320°—Bull. 474—11—-9
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is also reported; the coal at Clealum shows only slight coking tenden-
cies, whereas that at Beekman makes a fair coke. Investigation
indicates that this change in coking quality takes place between

“Clealum and Roslyn and coincides approximately with the change in -

the character of lamination of the coal. Of the change in the Roslyn
bed, George Otis Smith ! makes the following statement: ‘‘These
analyses, which were furnished by L. S. Storrs and are given below,

. show the variation in this seam from a lignitic, noncoking coal to a

fairly good coking coal.” The term lignite as used in the preceding
quotation was applied to almost all the western coals now known as
subbituminous, and even to some of the lowest grades of true bitu-
minous coal.

Gas occurs in considerable quantities in the coal and in the over-
lying rocks. It works out gradually as the gangways and rooms are
being driven, or comes from the roof in the form of small blowers.
Several small explosions and two large ones have resulted from the
gas. In some of the mines the workings are very dry; the coal
crumbles readily and makes a large amount of dust, which accumu-
lates on the ribs and mine timbers. This dust, like the coal, is high
in volatile matter, and very inflammable, and will explode with great
violence when mixed with the proper proportion of air. In order
to guard against such explosions, the gangways in most of the lower
workings are sprinkled several times a week. A small gas explosion
at a time when the mine is dry and filled with dust would probably "
produce very serious results. It is the belief of the investigators
of the United States Geological Survey, the State inspector of mines,
and the mine officials that the violent explosion at shaft No. 4, at
Roslyn, on October 3, 1909, was brought about through those
conditions. .

The coal of the Roslyn field is low in moisture, and does not slack
or crumble by weathering during transportation or storage. No
preparation for market is given the coal beyond the separation of the
thicker partings, and the ‘‘sulphur’’ balls in the mine and the picking
of the lump coal at the tipple, but the percentage of ash would be
much smaller if the coal could be thoroughly picked and washed after
coming from the mine. The coal mined by the Northwestern
Improvement Co. is not cleaned except in mining, and carload sam-
ples would doubtless show a percentage of ash considerably higher
than those given in the analyses accompanying this report.

The samples collected from this county by the writer were obtained
in November, 1909. . Analyses of five samples collected from Roslyn
and Beekman by other members of the Survey are included for the
purpose of comparison.

1 Mount Stuart folio (No. 106), Geol. Atlas U.S., U. 8. Geol. Survey, 1904, p. 10; Snogualmie folio (No. 139),
Geol. Atlas U. 8., U. 8. Geol. Survey, 1906, p. 13.
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PROSPECT, NORTHWEST OF BEEKMAN.

Prospect, about 1} miles northwest of Beekman.!

Kind of coal: Bituminous (%).

Coal bed.—The bed strikes N. 55° E and dips 12° SE. It is
believed to underlie the principal bed of the Roslyn field. It is too
thin to be of commercial importance. The following section was
measured at the end of a 25-foot drift driven on this bed:

Section of coal bed in prospect 1} miles northwest of Beckman.

No. 9404.
. Ft. in.
Shale, hard. ... ... . 1+

¥Coal....ooo L el 1 2%
Shale. . ..o 24
L0707 2%

Shale, 801t . ... e 7
3 2

Sample for analysis—Sample 9404 was taken where the above
section was measured. The layers of coal and shale associated with
the main bed were so badly weathered that their behavior under .
average mine conditions could not be determined. The analysis of
the coal is given on page 55.

Character and quality of the coal.—The sample collected was some-
what weathered. A sample of unweathered coal from this bed
would probably show a higher grade of coal than that indicated by
the analysis. The coal should probably be classed as low-grade
bituminous.

LAKEDALE.

Lakedale, a water-level mine 1 mile northwest of Beekman, on a
spur of the Northern Pacific Railway. No. 36.

Operator: Consolidated Coal Co:, Yakima, Wash.

Kind of coal: Bituminous.

Coal bed.—The coal bed worked in this mine strikes N. 80° E.
and dips 10° S. Some investigators have- thought this bed to be
the Roslyn bed or the bed underlying the Roslyn, but comparison
of the section with those of the Roslyn bed given in the following
" descriptions, or with that of the bed measured at the prospect on
the property of the Roslyn-Cascade Coal Co. (p. 136) will show that
this is probably a third bed. Ttis believed to underlie both the Roslyn .
beds exposed farther east. The section followmg was measured at
the place where the sample was taken.

1 Not represented on Pl. TII.
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Section of coal bed in Lakedale mine.

. No. 9405.

Shale, carbonaceous, black. . S

*Coal, bony near center........ .. ... .. ... 1
Shale................ el . .. 63
008l e e e 63
*Shale, hard............... P B 1
*Coal. oo il et .. 7%
*Coal, bony. .o I
B0 ) S 91

Shale, hard, brown. —
-3 7

Preparation for market.—The partings can be removed <to some
extent in mining, but most of the remaining impurities is removed at
the tipple by picking as the coal passes over bar screens.

Sample for analysis.—Sample 9405 was taken 10 feet above the
gangway, about 150 feet from the entrance. The bed contains two
bony layers in the lower part which can not be readily separated from
the coal, and which were therefore included in the sample. The
shale parting between the upper and the lower benches can be sep-
arated in preparation for market, and was, therefore, not included.
Both the roof and the floor are firm and do not mix with the coal.
The analysis of this sample is given on page 55. ‘

Character and quality of the coal.—The coal is pitch black and has
a dark-brown streak. It is massive and laminated and breaks with
a cubical fracture. In general, the coal resembles that of the Roslyn
bed at the west end of the field. It contains a small percentage of
moisture and will not weather while being transported to market.
The high percentage of ash is due to the presence of the two bony
layers of the lower bench. The coal is classed as bituminous.

BEEEMAN.

Beekman, a slope at Beekman, about 3 miles northwest of Roslyn
- on the Northern Pacific Railway. No. 37.

Operator: Roslyn Fuel Co., Seattle, Wash.

Kind of coal: Bituminous. .

Coal bed.—The Roslyn bed is the only one worked at this mine.
In the eastern part of the workings it strikes N. 70° W. and dips 14°
SW. Near the end of the west gangways the bed turns south, so
‘that it strikes S. 75° W. and dips 8° SE. Several partings, which
vary in character and position in different parts of the mine, are pres-
ent in the bed. The roof and floor of the mine are very firm, and do
not mix with the coal in mining. Shale occurs in a layer 1 or 2 inches
. thick between the coal and the roof and mixes to some extent with
the coal, but can be separated in mining.and in preparation for market.
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The following sections were measured at the points where the samples

were taken:

Sections of Roslyn coal bed in Beekman mine.

No. 9411,
Ft. in.
Shale.....oooooo . 2+
Shale, soft................. - 1
*Coal...ooooiieeeeeaaas 103
*Shale, little ‘‘sulphur”.... 1
o) UOTU 1 23
Shale, hard............... %
*Coaleeoeiniiiiiii 3
*Shale, hard............... $
*Coal.............. s 21
. Shale, hard............. .- 1
*¥Coal...ooeeeieieiieaioo 1 8%
Shale, hard............... 1
*Codl. ...l 24
Shale, sandy.
7 24
No. 9412.
Ft. in,
Shale........ ... 14
*Coal. oo iiiiii i 2 6 -

. *Shale, brown, carbonaceous T
*Coal.oooeiieinii it 2
“*Coal, bony................. by
*Coal.......... ... 113
*Shale.eoeeienana ... 1

(0 F ¢
Shale, hard. _—

4 63+
No. 9413.
Ft. in
Shale..ooeeeenini i loa, 24
Shale, streak of coal............ 1
*Coal.......ooo....... 1L 1
*Coal, bony.. .............. 1
*Coal.......oieeeiiianl 301
Shale, hard............... 1
*Coal. ..o 2
Shale, hard, carbonaceous. _—
6 63+

‘No. 9414,

Ft. in.
Shale............. . ... .. ..., 1+
Shale, soft.................o... 1

*Coaleeooiiiiaii .. 2 5
*Shale, hard............... 3
*Coal. ...l 33
*Shale, hard............... $
{077 D 1 9%

Shale, hard....... PRETETEE 1
*Coal. ..o Tl 2%
Shale, hard.................... 3%
6 3+

No. 9415,

Shale. . Ft. in.

Shale, soft..................... - 1%

C*Coal......oiiiiiioiaoo L 3%
*Shale, bony............... 3
*Coal.covvnviiianiaiiil 1 24

*Shale, bony............... %
*Coal.oooiaeeiiii .. 3
*Sandstone, ‘‘sulphur” band P
*Coal..oooveenieiiiitt. 5.
*Shale, bony............... 1
*Coal...ooeveeeeailoioo. 1 9%
Shale, bony........cooooiioL. 4
Shale.
. 5 6%
No. 550-D.1
Ft. in
*¥Coal. oo 1
*“Mother coal”............. +
*Coal.oeeeiiiiniii il 2 3
Shale.:....ooooaiiao 1
*Coal. . 4
Shale.....cocoiieniiaat. 4
*Coal..oooooii 6%
Shale.................... 3
*Coal. ..ol 1 13
Shale..ccooeeiniiii it 3
*Coal.ooeeeii i 2
Shale.
4 9
No. 551-D.1
Ft. In.
*00L. e et el 2 9%
Shale, hard............... 3
*¥Coalewoee i 110
Shale.................... 3
o) U 14
Shale _
4 104

1 Washing and coking tests of coal: Bull. Bureau of Mines, No. 5, p. 16.
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Preparation for market.—Only the larger “sulphur’’ balls and local
enlargements of the partings are removed at the mine. At the tipple
the coal is passed over shaking screens having 1§-inch and 3-inch
perforations; the oversize is picked as it is loaded into the railroad
cars, and the undersize from the 13-inch and 3-inch screens are sold
as steam coal and as egg coal, respectively.

Samples for analysis—Sample 9411 was taken on the gangway of
the second level west between rooms 26 and 27. At this place the
bed contains five thin partings, three of which are over one-fourth
inch in thickness and can be separated from the coal by picking. These
three partings were therefore not included in the sample. Sample
9412 was collected at the end of the gangway on the second level east
near the property line. Three thin partings were found at this place,
but they resemble the coal so closely that they can not be readily
separated, and were therefore included in the sample. Sample 9413
was collected 150 feet beyond room 21 on the gangway of the third
level east. One parting of bony coal near the bottom of the bed was
removed from the sample. Sample 9414 was obtained between rooms
17 and 18 on the gangway of the third level west. The three shale
partings do not differ very materially from the coal, and it was
thought that by removing the largest of these partings the resulting
amount of ash in the sample would represent the amount of ash in
the coal after picking. Sample 9415 was obtained at the foot of the
slope, about 250 feet below the fourth level gangway. Several thin
partings in the bed could not be separated readily by picking and
were included in the sample. Sample 9410 was obtained from the
surface of a railroad car after the coal had passed through the shak-
ing screen with i-inch perforations. The best coal from the mine is
much jointed and breaks very readily, so that a considerable percent-
age of the output passes through 13-inch holes. The fragments of
the partings as they come from the mine are too large to pass through
these holes, and in consequence examination of the coal on the sur-
face of the car shows almost clean coal and a very small percentage
of shale or bone. It is believed that the shale partings can be better
separated from the fine coal by the shaking screen than by washing
or picking. Analysis 9459 represents a composite sample consisting
of equal portions of all the samples collected by the writer from this
mine. Samples 550-D, 551-D, and 693-D were taken by Karl M.
Way, of the United States Geological Survey; sample 550-D from
the face of the main slope, 1,000 feet southwest of the entrance to the
mine, sample 551-D on the second level west, 1,300 feet southwest
of the entrance, and sample 693-D from a car of coal shipped to Den-
ver, Colo., for testing. The analyses of the samples are given on .
pages 55-56. : ' )

Character and quality of the coal.—The coal is pitch black and has a
dark-brown streak. It is massive and slightly laminated and breaks
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with a cubical fracture. If the coal is so carefully picked as to
remove all nodules or lenses of pyrite over 2 inches in maximum
diameter and one-half inch in thickness, the picked coal should con-
tain a very low percentage of sulphur. It has a heating value nearly
as high as that of the best coal of King and Pierce counties, and
equals in this respect much of the Alabama and Kentucky coal.

BUSY BEE.

Busy Bee, strip pit 24 miles northwest of Roslyn. No. 38.
Operator: Busy Bee Coal & Improvement Co., Roslyn, Wash.
Kind of coal: Bituminous.

Ooal bed.—The coal bed lies only a few feet beneath the surface
throughout most of this property. A steel scraper, operated by wire
cables from a logging engine, has replaced the ordinary horse scraper
previously used in removing the material overlying the coal bed. A
sample of the coal was taken and the following section of the coal
bed measured where the cover had been about 6 feet thick:

Section of Roslyn coal bed in Busy Bee strip pit.
No. 9406.

Sandstone, yellow. Ft. in

Shale..eoeene e P 3 2%
Coal (weathered)........................... U 7

F00al. e e 9%
Coal, soft, with layersof shale........... ... ... ... ... 1
F00al. i 1 3
Shale. ..o 1

*00a). L e 3%

Shale. .. .o e e %

HF00al e e 9%
G0l -, 7

7 8%

Preparation for market—The coal is passed over a 2%-inch bar
screen. The oversize is picked and sold as lump , and the undersize
is sold as steam coal.

Sample for analysis—Sample 9406 was taken where the section
given above was measured. The three partings can be removed from
the coal by picking and were not included in the sample. About 7
inches of the upper portion of the bed was weathered and was not
included in the sample. The lower 7 inches of the bed was not
exposed. The analysis of the sample is given on page 56.

Character and quality of the coal—The coal is pitch black and has a
dark-brown streak. It is massive and laminated and breaks with a
cubical fracture. This sample is lower in ash and has a hlgher heat-
ing value than any sample collected from the Roslyn bed in other
parts of the field, but this fact does not necessarily mean that the
coal is better here than elsewhere, because the entire thickness of the
bed was not sampled. '
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PATRICK—M KAY.

Patrick-McKay, slope 2% miles northwest of Roslyn on the North-
ern Pacific Railway. Nos. 39 and 40.

Operator: Roslyn-Cascade Coal Co., Belhngham Wash.

Kind of coal: Bituminous.

Coal bed.—The Roslyn bed is the only one at present operated on
this property. It strikes N. 75° W. and dips 9° SW. The lower 2
inches of a 3-foot layer of shale between the bed and the overlying
sandstone breaks after the coal is removed and is thrown into the
gob, but the rest forms a good roof throughout most of the mine.
The floor is firm and does not mix with the coal. A second bed 3%
feet thick is exposed 260 feet vertically below the outcrop of the
Roslyn bed on this property and in prospects to the east on the north
side of the ridge northeast of Roslyn, but the prospects were caved
and neither sections nor samples could be obtained. The following
sections of the Roslyn bed were measured at the points from whlch

"the samples were taken: :

Sections of Roslyn coal bed in Patrick- McKay mine.

No. 9418, . ) No. 9416.

. Shale. S ) Ft. in. | Shale. . Ft. in,
*Coal...........o.illL. 13 Shale, 0] L 23
*¢“Sulphur” band........... 1 *Coal......ioiiiiiii. 1 2
*Coal. . ..ol 11 * “Sulphur” band........... 1
* “Sulphur” band........... Trace *Coal. ...l 1 3
*Coal......o.....l 3 *Shale, hard................ 1

Shale, hard........_....... 1 *Coal. ...l 23
*Coal. ... ... 1 10 Shale........coooiiia. .. 1
Shale. " *Coal. ... .. ...l 1 3%
No.oalr. 4 6| Shale. : 3
Shale (good roof). Ft. in. No. 9407, lower bed.
Shale................... e 2% | Sandstone, yellow, massive. Ft. in.
*Coal....... ... ...l 1 2 |Shale...ooo...oooiiiill.. 4
*“Sulphur”............ ... Trace. Coal, bony................ 1 5%
*Coal.........ooiill. L. 1 3% Sandstone....... e 13
*Coal, bony.......... e % *Coal. ..ol 8
*Coal....... ... 2 Shale, hard................ : 3
Shale...................... 1 | *Coal....ooooiiiiiil 1 53
*Coal.... ...l 1 5% Shale....oooooai ot 33
Shale, hard..................... 1 Shale, hard................ 2
Shale. ) *Coal. oo 9
4 6 | Shale
8§ 11

Preparation for market.—The coal is passed over bar screens with
$-inch and 13-inch spaces. The oversize is picked and sold as lump
coal, while the undersize is sold as steam coal.

. Samples Jor analysis—Sample 9418 was taken on ‘the gangway of
the first water level west at the entrance to room 18. Two ““sulphur”
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bands, too thin to be separated by picking, are present, but a parting
of bony shale in the lower part of the bed can be xeq,chly removed by
- picking and was not, therefore, included in the sample. Sample 9416
was taken from the west side of the slope, 50 feet above the entrance .
to the first water level east. The lowest shale parting.of the bed,
which is the only one that can.be readily separated in preparation
for market, was not included in the sample. Sample 9417 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. The lowest shale part-
ing is the only one which can be separated by picking, and this parting
_ is therefore not included in the sample. Analysis 9460 was made of
a composite sample consisting of equal parts from samples 9418, 9416,
and 9417. Sample 9407 was taken from the lower bed on this prop-
erty, about 1,300 feet north of the center of sec. 6. The coal occurs
in two benches separated by 5% inches of shale, which can be used as
a “mining.” The bony coal overlying the upper bench has been con-
sidered to be of workable quality, but judging from its weathered
appearance it probably contains more than 40 per cent of ash, and if
mined and sold with the two other benches the coal from these
benches would probably lose much of its commercial value. This
bench may, however, prove to be of economic value in other parts of
the field. The analyses of these samples are given on pages 56-57.

Character and quality of the coal.—The coal of the Roslyn bed is
pitch black, massive, and very slightly laminated and breaks with an
irregular fracture. It has about the same heating value as the coal
from the same bed in the northwest end of the field. The coal of the
lower bed is pitch black, massive, and slightly laminated and breaks
with an irregular fracture. It contains a small amount of moisture
and dees not slack when exposed to the sun, but analysis of the coal
shows a somewhat larger percentage of ash and sulphur than the aver-
age of the Roslyn coal. It resembles the best coal of the Roslyn bed
in the western end of the field.

ROSLYN NO. 3.

Roslyn No. 3, incline, slope, and shaft mine at Ronald, 1} miles
northwest of Roslyn, on the Northern Pacific Railway. No. 41.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal bed.—The Roslyn bed, which is the only one worked in this
mine, has about the same thickness here as elsewhere in the field.
About 3 feet of shale lies between the bed and the overlying sand-
stone. Of this layer the lower 2 to 6 inches breaks after the coal is
removed and is thrown into the gob, but the remainder forms a good
roof tluoughout most of the mine. The floor of the mine is firm and
does not mix with the coal. The sections following were measured
at places where the samples were obtained.
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Sections of the Roslyn coal bed in Roslyn No. 8 mine.
No. 9428. No. 9431,

Shale. . Ft. in. | Shale. F.t. in,
Shale, crushed. Shale, falls easily (gobbed)........ T
*Coal........oooiillL 23 17 #Coale..iiiiiiiii. 13
‘“Sulphur” and shale........ 1 *¢Sulphur” band. .......... 3
*Coal.....o.ooiiiiiillt 6 F00al. . oo 1 33
* Coal, shaly, crushed........ 1 Shale. - . o oo 3
*Coal.......o il 1 4 *Coal. . oo . 33
Shale 13 tShale, hard................. 3
) No. 9429, *Coal...........ooiiillL. 1 8%
Shale. : Ft. in. |- *Coal, bony ........... ..., 3
Shale, crushed................... 1 *Coal..........o.oiille 5%
*Coal........ e, 1 3% | Shale. C—
*4“Sulphur” band........... % No. 9438 5 9
Coal. .. e e 11 Shale. Pt .
Shale (little ‘‘sulphur’’) % Shale. soft 1
KGol oo o | S
« Shale........ccoo.ooooini. 3 * Coal with “‘sulphur’’ band... %
Coal....................... 1 5% *C0al oo 1 3
Shale. , PR Shale. ..o 1
No. 9430. *Coal..............illll 3
Shale. . : Ft. in. *Shale, hard......... . 1
*Coal......... ...l 18 *Coal. oo 1 5%
*“Sulphur” band........... 1| Shale, hard....... L 1
#¥Coal.. ... o..o.o.lilll.. 91} Shale.
Shale.........cooooiiiiot. % 4 3%
*Coal.............. 110
Shale, hard, carbonaceous.
4 43

Preparation’ for market.—The partings that separate freely from the
coal in the mine and the rock that falls from the roof are thrown into
the gob when the cars are loaded. The coal is not picked at the
tipple, because it is clean enough for locomotive use.

Samples for analyses.—Sample 9428 was taken on the old fifth
water-level gangway west, at the entrance to room 48. One
parting near the center of the bed can be separated by picking and
was not included in'the sample. Sample 9429 was taken on the old -
sixth water-level gangway, between rooms 6 and 7, east of new slope
3. The two lower partings can be removed from the coal by picking
and weré not included in the sample. Sample 9432 was taken from
the first level west, about 150 feet from the gangway up room 3 of
the fourth battery. Three bands of impurities are present, of which
only the center one is large enough to be separated by picking; this
parting was not-included in the sample. Sample 9431 was taken
from the face of room 12 of the third battery on the first level west,
100 feet from the gangway. Only a part of the shale from the four
partings in the bed can be separated by picking. An additional 5%
inches of coal at the bottom of the bed in this part of the mine is
spoken of by the minersasa ‘‘swamp.” Sample 9430 was collected on
the east side of the manway between the foot of the shaft and the
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third level, 150 feet up slope from the base of the shaft. The lower
parting can be separated by picking, and was not included in the
sample. Analysis 9463 was made from a composite S‘mele contain-
ing equal portions of all the samples collected from this mine. Analy-
ses are given on page 57.

Character and quality of the coal.—In general the coal is pitch black,
massive, and slightly laminated, and breaks with a cubical fracture,
though a part of it is slightly banded and breaks with a splintery
fracture. It has about the same heating value as that obtained from
other mines in the northwest end of the Roslyn field. '

ROSLYN NO. 2 SLOPE.

Roslyn No. 2, drift and slope mine at Roslyn, on the Northern
Pacific Railway. No. 42.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous. _

Coal bed.—This mine 1s operated on the Roslyn bed, which strikes
about N.70° W. and dips about 12°8. At the top of the bed a layer
of shale 3 feet thick separates the coal from a massive layer of
sandstone. Fragments of this shale, the largest a foot in thickness,
break after the coal is mined and are thrown into the gob. Occa-
smnally they break with the coal and must be separated before the
mine cars are loaded. The floor is firm and does not mix with the
- coal. . The following sections were measured at the places from which
the samples were taken:

Sections of Roslyn coal bed in Roslyn No. 2 slope.

. -No. 9433. No. 9435,
Sandstone. Ft. in. | Shale. Ft. In.
Shale. . .eeeeaieneianiiinan. 7 | Shale, soft............ ... ... 2%
Shale, carbonaceous............ 2% *Coal....... o . 1
* Coal, streaks of “‘sul- T Sulphur” band mixed
phur” ...l 2 6 with coal.. . 3
Shale................... 1 *Coal.....oooitil 1 3
*Goal...ooon 3 Shale...ooeeeereeenenenn.
Shale... . ............... 1 *00al 3
*Coal.................. 110 *
Shale, hard. _— * ghalle, SOt 3
5 63 oal. ...
No. 9434, Shale.................. .. 3
Sandstone. : *Coal.....oooiiiiiil 1
Shale (good roof). . Ft. in # Shale 3
Shale (put in gob)....... i 1 S 7
¥ Coal, streaks of “‘sul- Shale.
phur”. ...l 1 1y 4 9
* Shale, ‘‘sulphur” band . Trace No. 9436.
* Coal, streaks of ‘‘sul- Shale. Ft.in
phur”...c.oooeunnnn. 1 3 *Coal.veeeiiiiii, 2 6
*Shale. oo, Trace. * “Sulphur” band........ 3
*Coal................... 4 *Coal.......o...o.ill. 1
Shale 1 Shale......o....o.. oL 1
*Coaleeo oot 2 *Coalewoeeaeen i 1 6
Shale. (7
5 (0 4 2%
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Preparation for market.—The partings which separate freely from
the coal in the mine and the rock ‘‘falls”’ from the roof are thrown
into the gob when the cars are loaded. The coal is not picked at the
tipple, because it is clean enough for locomotive use. ;

Samples for analysis.—Sample 9433 was taken on the fifth level
west from slope No. 2, about 250 feet up room 7 of the second block.
Both shale partings of the bed can be separated by picking and were
not included in the sample. Sample 9434 was taken on the sixth
level west from slope 2 on the'side of the barrier pillar separating
this mine from mine No. 3, and 360 feet up the rise from the gangway.
Only the lowest shale parting is of sufficient size to be separated by
picking, and this parting was not included in the sample. Sample
9435 was collected on the sixth level west from slope 2 on the gangway
between rooms 2 and 3. The bed contains five partings, and it
- would be difficult to remove more than half of the impurities resulting.
from these partings. In order to obtain a representative amount of

ash the lowest parting and one-half of the first parting below the top
were separated from the sample. Sample 9436 was taken from the
side of the slope between the eighth and tenth levels, west from shaft
4, about 10 feet below the air course below the eighth level. The
lower part of the bed -was not exposed on account of rock ‘‘falls,”
and the condition of the mine atmosphere was so poor that time
could not be taken to obtain a full section. The lower parting,
which is the only one of sufficient size to be separated by picking,
was not included in the sample. Analysis 9464 was made of a
composite sample consisting of equal parts of samples 9433, 9434, 9435,
and 9436. The analyses of these samples are given on page 58.

Character and quality of the coal.—The coal is pitch black, massive,
and slightly banded, and breaks with an irregular fracture. The coal
in the upper part of the bed contains thin irregular lenses of ‘‘sulphur,”
which could probably be easily separated from the coal by washing.
These lenses were excluded from the samples, which, thérefore, give

"small amounts of sulphur in the analyses. The coal has about the
same heating value as that obtained from other mines in this part of
the field.
ROSLYN NO. 2.

Roslyn No. 2, incline at Roslyn, on the Northern Pacific Railway.
No. 42. . .

. Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous. _

Coal bed.—This mine is operated on the Roslyn bed, which strikes
N. 50° W. and dips about 12°S. About 3 feet of shale separates the
bed from the overlying sandstone. The lower 2 inches of this shale
breaks after the coal is removed and is thrown into the gob. The
remainder forms a good roof throughout most of the mine. The floor

“of the mine is firm and does not mix with the coal. The following
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“sections were measured at the places from which the samples were

obtained:
Sections of Roslyn coal bed in Roslyn No. 2 mine.

No. 9444.

No. 9442, :
Shale. Ft. in. | Shale. Ft.  in.
Shale, soft.................... 2% *Coal....o.ooiii ... 2 3
*Coal............. P 2 3% -t “Sulphur” band......... 3
% Shale.......c............ Trace. *Coal................. ... 3%
*Coal..o v 5 tShalee..ooooiviinenan.. 1
Shale, hard.............. 2 |- *Coal............ ... ... 3%
*Coal.............. R 1 3| tfShale................... P
Shale _ *Coal.oo .ol 1
) 4 4 | Shale, hard, carbonaceous...... 13
No. 9443, . ‘
Shale, hard. Ft. in | Shale, yellow. ;
Shale, soft.................... : 23 . No. 2451, 5%
*Coal......... e 2 3% Ft. in.
TS F| % Goaleemoioeorreee. 2 103
¥Coal..........oillL 2 Parting............. . 3
* Shale, “sulphur”........ Trace. | * Coal. o oconememneeneennn. .. 1 2%
*Coaloooiiiii it 5% : _
* Shale.. 1 4 1
*Coal.......oooiiiiil 1 5
Shale, yellow.
4 7

Preparation for market.—Partings and impurities which separate
readily from the coal are removed at the mine, and the coal is used by
Northern Pacific Railway locomotives without further picking at the
tipple. ,

Samples for analysis.—Sample 9442 was taken from the eighth level
about 15 feet west of the east rope slope. The lower parting of the
bench was not included in the sample. Sample 9443 was taken from
. the seventh level west on the gangway at the entrance to room 80.

All the partings in the bed are so thin that they can not be readily
-separated from the coal and were, therefore, included in the sample.
Sample 9444 was taken on the tenth level east, 75 feet beyond room
43. By careful picking about half the material in the partings could
be separated from the coal, and therefore only half of each parting was
included in the sample. Analysis 9468 was made of a composite
sample of equal parts of all the samples collected by the writer from
this mine. Sample 2457 was collected by M. R. Campbell in 1905,
about 6,000 feet from the entrance to the mine, and does not include
one parting which occurs at this place. Analysis 3098 was made from
a car sample of lump coal shipped for testing purposes from mine No.
2 at about the time sample 2457 was taken. The analyses of these
samples are given on pages 58—59.

Character and quality of the coal.~~Most of the coal is pitch black
and massive, and breaks with a cubical fracture; the rest is slightly
banded, and the fracture is somewhat splintery. It has about the
same heating value as coal from the other mines in this vicinity.
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A. & E.

A. & E., a drift and slope mine 1 mile northeast of Roslyn. No. 43.

Operator: Yakima-Roslyn Coal Co., Roslyn, Wash.

Kind of coal: Bituminous.

Coal bed.—The mine is on the Roslyn bed, which strikes N. 70° W,
and dips 11° S. About 3 feet of shale lies between the coal bed
and the overlying sandstone. The lower 2 inches of the shale
breaks after’the coal is removed and is thrown into the gob, but
the rest forms a good roof throughout most of the mine. The floor
of the mine is firm and does not mix with the coal. The following
section was measured: '

Section of Roslyn coal bed in A. & E. mine.

. No. 9402. .
Shale. ) Ft. in.

Shale, 80ft. .. ... ..o 2%
FO0al. o el 2 5
Clay. oo 3
077 ) 23
Shale, black. . ..oooeoo . b
FC0al. o il 1 8

Shale, dark.

: 4 7.

Preparation for market.—Partings, roof fragments, and other im-
purities which can be readily removed when the mine cars are
loaded are thrown into the gob. At the tipple the coal is passed
over a 3-inch bar screen, from which the oversize is sold as lump
and the undersize as steam coal.

Sample for analysis.—Sample 9402 was taken 160 feet up the
ninth room from the slope where the section given above was meas-
ured. Both the shale partings can be removed by careful picking,
and were not included in the sample. The analysis of this sample
is given on page 59. :

Character and quality of the coal.—Most of the coal is pitch black,
massive, and slightly laminated, and breaks with a cubical fracture.
The remaining part is slightly banded and: has a somewhat splintery
fracture. It has about the same heating value as coal from the
other mines in this vicinity.

ROSLYN NO. 6.

Roslyn No. 6, a series of drift mines at Roslyn, on the Northern
Pacific Railway. No. 42. '

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal bed.—The mine is on the Roslyn bed, which strikes N. 65° W.
and dips from 7 to 10° SW. About 3 feet of shale lies between the
coal and the overlying sandstone; the lower 2 to 6 inches of this
shale breaks after the coal is removed, and is thrown into the gob,
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but the rest forms a good roof throughout the major part of the
workings. The floor of the mine is firm and does not mix with the
coal. The following sections were measured at the places where the
samples were taken:

Sections of Roslyn coal bed in Roslyn No. 6 mine.

No. 9439. T No. 9441. :
Shale. Ft. in. | Sandstone. ) Ft. in.
Shale, soft................. ... 2} | Shale, slate-colored............ 2 1
*Coal.. .. .oooiiiiiiiiLt 2 6% *Coal, lenses of ““sulphur”.. 2 8
1“Sulphur” band. . . ...:.. 3| . Shale..................... 3
C*Coal. .. ieii B *00ali..e.eiiiiiiinnn 3
Shale.....ooooeeniii... 3 Shale..................... 1
FCoal.. ..ol 1% *Coal, lenses of “‘sulphur”.. 1 6%
Shale.................. .. 1 | Shale, sandy. .
*Coal.... .. e 11 6 8
*“Sulphur” band........... Y
*¥Coal.. oo vviinienii i, 6
Shale, hard....... et 6%
No. 9440 5%
Shale. Ft. in.
Shale, soft................ e 2%
¥Coal.. .. .....o.l.L. 2 33
Shale................t. .. 1
*¥Coal.....ooviveeaa .. 23
*Shale, carbonaceous...: ... 1
*Coal........... DU 4
Shale, hard................ 2
*Coal.. ... .ol 1 8
Shale, hard.
. 4 11§

Preparation for market.—The partings and impurities which sepa-
rate readily from the coal are removed in the mine, and as all the -
coal is used for locomotives it needs no further picking at the tipple.

Samples for analysis.—Sample 9439 was taken from the stump
pillar between rooms 1 and 2 on the seventh level. In order to
remove an amount of impurities equivalent to that which could be
separated by careful picking, the two center partings, half the coal
~ between them, and half the upper parting were.not included in the
sample. Both the shale partings were removed from sample 9441,
which was taken at the east. end of the seventh level, and the.top
and bottom partings were removed from sample 9440, taken from
the east end of the fifth level. Analysis 9466 was made of a com-
posite sample containing equal parts of all of the samples collected
from this mine. The analyses of these samples are given on page 59.

Character and quality of the coal.—Most of the coal is pitch black
and massive, and breaks with a cubical fracture, although a part is
slightly banded and has a somewhat splintery fracture. The coal
has about the same heating value as that of the other mines in this
part of the country.
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ROSLYN NO. 4.

Roslyn No. 4, a shaft 640 feet deep at Roslyn, on the Northern
Pacific Railway. No. 44.

Operator: Northwestern Improvement Co., Tacoma, Wash,

Kind of coal: Bituminous. :

Coal bed.—This mine is on the Roslyn bed, which strikes N. 7 O° Ww.
and dips 15° SW. Fragments from the lower 2 to 6 inches of a layer
of shale about 3 feet thick separating the coal from the overlying
sandstone break -off after the coal is removed and are thrown into
the gob. The rest of the shale forms a good roof throughout the
greater part of the workings, and the floor of the mine is firm and
does not mix with the coal. The following sections were measured
at the places from which the samples were taken: ‘

Sections of Roslyn coal bed tn Roslyn No. 4 mine.

No. 9437, : } No. 9438.
Shale. Ft. in. | Shale, roof. : Ft.  in.
Shale, gobbed........... e, © 7 | Shale, gobbed................... 9%
Coal, streaks of “sulphur”. .. 2% *Coal.. ... ... ............ 1 3%
*Coal, .thin streaks of ‘“sul- " Shale, containing  “‘sul-
phur”. ... Ll ... 2 B} " ophur”...oll. 1
Shale.....ooooeeeinaaa ... 1 *C0AL. - - e 1 5%
*¥Coal.. .. ... ... ... 3 *¢Sulphur” band............ $
Shale...................... % *Coal..... ...l 13
Shal*coal ...................... 2 ) Shale......coooveao.... 1
€. *Coal... ..ol 2
5 7% Shale —
No. 2458 Ft. in 5 10%
*Coal.. ..o ... 1 4%
“Sulphur” band................ %
*Coal. . .. ...l 1 4
Coal and shale................. 4
*Coal. . ..o 1 9%
4 104

Preparation for market.—The partings and impurities which sepa-
rate readily from the coal are removed in the mine, and as all the coal
is used for locomotives it does not need further picking at the tipple.

Samples for analysis.—Sample No. 9438 was taken from the gang-
way on the eleventh level west, near the center of the second battery;
the top and bottom partings are not included in the sample. Sam-
ple 9437 was taken from the gangway on the eleventh level east,
between rooms 3 and 4 of the second battery, both partings being
removed. Analysis No. 9465 was made from a composite sample
containing equal portions of these two samples. Sample 2458 was
collected by M. R. Campbell in 1905 from room 3 of the second bat-
tery, on the ninth level west, about 2,000 feet from the bottom
of the shaft. Two partings occurred in the bed at this place,
neither of which was included in the sample. The analyses of the
samples are given on pages 59-60.
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Character and quality of the.coal.—The coal is pitch black and mas-
sive and breaks with a cubical fracture. . In the mine it is under
considerable pressure from the roof and is worked without shooting.
It has about the same heating value as coal from the other mines in
this part of the field.

ROSLYN NO. 5.

Roslyn No. 5, a slope mine 14 miles southeast of Roslyn, on a spur
of the Northern Pacific Railway.. No. 45.

Operator: Northwestern Improvement Co., Tacoma, Wash.

. Kind of .coal: Bituminous.

Coal bed.—The mine is on the Roslyn bed, which strikes N. 45° W,
and dips from 20 to 30° SW. The coal is separated from a massive
overlying sandstone by about 3 feet of shale, of which fragments
ranging up to a foot in thickness break off after the coal in mined and
are thrown into the gob. Occasionally they break with the coal and
‘must be separated from it before the mine cars are loaded. The
- floor is firm and does not mix with the coal. The following sections
were measured at the places from which the samples were taken:

Sections of Roslyn coal bed in Roslyn No. 5 mine.

" No. 9427. No. 9423,
Shale. Ft. in. | Shale. Ft. in.
Shale, with streak of coml ...... 1 *Coal...oooeeern il 2 8 -
*Coal.. B A 1 *Bone..ooevieeniiiiiiiiiia 1
“Sulphur” b'md ............ 1 *C0alet e 3
Coal, crushed.. 1 Clay, soft............ooo... 3
Ola,y 1 *Coal..cooooeeeaoaiilo L 8%
*Coal...eeeeeeeeeeeeaeonooo. 111 | Shale.
Shale, hard. Y No. 9426 4 9
No. 9424, % Shale. Ft. in.
Shale. . Ft. in. | Shale, soft... .. ... ... . ... ...

" *Coal.. U B § *Coal..oooeiieeiii i 1 2
*Sandstone and sulphur” .. P *Sandstone, “sulphur’ band. 3
*Coal (middle 3% inches is *Coal..oooiee ... 1 6

high in sulphur).... ... 17 *“Sulphur” band............ 1
Sandstone and “‘sulphur”.. 3 CFC0al i 2
*Coal....oooiiiii 1 Clay, soft................o.. 1
o “Shale...coeveeeeiaonn.. 1 L0717 2
*Coal....oooeienn [ 2 5 |- *Coal,bony.....c......... )
Shale, carbonaceous.’ *Coal. oo it 1 7
o No. 9425, 5 3% Shalesmle, hard................ 5
Shale. Ftooin | 5 43
*Coalooeweeeiiiiiiiiiil 1 3
*“Sulphur” band, irregular. Trace
*Coal......... e 1 2%
*Sulphur”.. ... 3
a0 Y R
Clay.eeeeeeieicca oot 3
*Coal.ooooioiiiiii 2 3%
Shale, hard, cmrbomceous _—
4 11%

91320°—Bull. 474—11—10
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Preparation for market.—The partings -and impurities which sepa-
rate readily from the coal are removed in the mine, and as all the coal
is used for locomotives it needs no further picking at the tipple.

Samples for analysis—Sample 9427 was taken from the barrier
pillar between mine No. 5 and old mine No. 1, at Roslyn and on the
gangway of the first level west of slope 5. A 3-inch parting of.
crushed coal, clay, and pyrite, which occurs in the center of the bed,
was not included in the sample. Sample 9423 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. The lower parting in the
bed can be separated by picking, and was not included in the sample.
Sample 9424 was taken on the third level west at the entrance to
room 50. The two lower partings in the bed can be easily separated
from the coal and were therefore not included in the sample. Sample
9426 was taken on the third gangway east at entrance to room 42.
The bed contains four partings, all but one of which would be diffi-
cult to separate from the coal by picking, and only the second
parting from the bottom was removed in the sample. Sample 9425
was taken from the air course below the fourth level, about 30 feet
west of the slope. Only the lower parting could be Separated by
picking and therefore was not included in the sample. - Analysis
9462 was made of a composite sample containing equal parts of all
the samples taken from this mine. The analyses of these samples
are given on pages 60-61.

Character and quality of the coal.—The coal in this mine is pitch
black, massive, and slightly banded. In general it breaks with an
irregular fracture, though a part of it has a tendency toward a splintery
fracture. It has about the same hefntmcr value as coal obtained from
the mines at Roslyn. ,
ROSLYN NO. 7.

.~ Roslyn No. 7, a slope mine one-half mile northwest of Clealum, on
a spur from the Northern Pacific Railway. No. 46.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal bed.—The mine is located on the Roslyn bed, which strlkes
about N. 65° W. and dips from 20 to 30° SW. The overlying sand-
stone is separated from the coal by about 3 feet of shale, of which
the lower 2 to 6 inches breaks after the coal is removed, and is thrown
into the gob. The remaining shale, however, forms a good roof
throughout most of the mine, and the floor is firm and does not mix
with the coal. The following sections were measured at the places
where the samples were taken: :
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Sections of Roslyn coal bed in Roslyn No. 7 mine.

No. 9422, No. 9421.

Shale. - Ft. in. | Shale. - Ft. in.
*Coaleeiieeeia e 1 2 *Coal.....cooeeaiiil 2
Shale...................... % “Sulphur” band............ %
*Coal, streaks of “sulphur”.. 1 6% C *Coal. i) 2
*Shale...................... % Shale...................... 1
*Coal. oo 2 *Coale i 13
Shale...................... 1 “Sulphur” band............ 3
S l*Coal 1 6 tCoal..ooeoeee 1
ale. *
4 6} *ghalle """"""""""" 41"
No. 9420, oal.
Shale. Ft. in. Shale...................... %
Shale, soft...................... T 13 *Coal.........ciii0 1 6
*Coal, crushed............... .4 Shale. ' 4 8t
*Coalo oo iei i 10 No. 9419,
Shale.....coveeiievennneiann, 1 | Shale. Ft. in.
*Coal, partly crushed........ 1 64 | Shale, carbonaceous streaks. . . . .. 1
Coal and shale streaks. ..... 2 08l 9 3
*Coal.ovvinii 2. Shale. o oomee oo 1
*Shale...................... 3 *C0aLe oo 13
*Coal. .o ol 1 8 #Shale. oo
Shale : *(S;}Sile ....................... :
b *Coal, banded................ 2
*Coal.ooeereeeiiaeail. 1 6%
Shale.
4 5}

Preparation for market.—Partings and impurities which separate
readily from the coal are removed in the mine, and as all the coal is
used for locomotives it needs no further picking at the tipple.

Samples for analysis—Sample 9422 was taken on the gangway of
the second level west, 6-feet up room 40. The upper and the lower
partings of the bed can be separated by picking and were not in-
cluded in the sample. Sample 9421 was taken on the gangway of
the second level east, 15 feet from the barrier between mine No. 7
and mine No. 1 at Clealum. The bed contains five partings, most of
- which can be separated from the coal by careful picking. A parting
of shale, “sulphur’”’ and coal occurs near the center of the bed. In
picking, about half the coal in this parting will be thrown away, and,
accordingly, in sampling, only half the coal and the layer immedi-
ately underlying it was included in the sample. Sample 9420 was
taken in the air course below the gangway of the fourth level west,
about 800 feet west of the slope. The two upper partings in the
bed, which can be separated by careful picking, were not included
in the sample. Sample 9419 was taken on the gangway of the fourth
level east, 330 feet beyond the entrance to room 12. The upper.
parting, which is the only one that can be separated from the coal
by picking, was not included in the sample. Analysis 9461 was made
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of a composite sample containing equal parts of the samples taken
at this mine. The analyses of the samples are given on page 61.

Character and quality of the coal—The coal is grayish black, mas-
sive, and banded, and breaks with a splintery fracture. On account
of the banding, it is difficult to distinguish some parts of the coal from
* bony layers containing a high percentage of carbon. The coal has a
heating value a little lower than the coal obtained from this bed at the
mines further to the northwest. - ‘

SUMMIT.

Summit, incline 1 mile north of Clealum. No. 47.

Operator: Summit Coal Mining Co., Portland, Oreg.

Kind of coal: Bituminous.

Coal bed.—The mine is on the Roslyn bed, which here strikes N.
75° W. and dips 11° 8. -The following section was measured at the
point from which the sample was taken:

Section of Roslyn coal bed at Summit mine.

No. 9403.

Sandstone. Ft. in.
Shale (5 inches to 1 foot 6 inches)....._............o.. ool 11
Shale with streaks of coal............ e 5
*Coal. . i 2 5%
Shale. ... ... il 3
0 N 2
Shale. ... )
*Coal. ... 1 9%

Shale.

5 10

Preparation for market.—The partings and impurities that can be
separated readily at the mine are thrown into the gob. At the tipple
the coal is passed over two 2-inch bar screens, the oversize, after
picking, being marketed as lump coal, and the undelslze as steam coal.

Sample for analysis—Sample 9403 was taken down the gangway
50 feet from the new tunnel about 40 feet below the surface. Both
shale partings of the bed were excluded from the sample. The analy-
sis of the sample is given on page 61.

Character and quality of the coal.—The coal i is grayish black, mas-
sive, and slightly banded, and has a splintery fracture. Its hemtmg
Value is somewhat lower than that of the coal obtained from the same
bed farther to the west. .

CLE ELUM NO. 3 EXTENSION.

Cle Elum No. 3 Extension, incline and drift mine about 1 mile north
of Clealum. - No. 48.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.
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Coal bed. —The mine is worked on the Roslyn bed, which strikes N.
70° W. and dips about 9° S. The coal is separated from massive
sandstone by about 3 feet of shale, fragments of which, the largest a
foot in thickness, break off after the coal is mined and are thrown into
the gob. Occasionally it breaks with the coal, in which event it must .
- be separated before the mine cars are loaded. The floor is firm and
does not mix with the coal. The following section was measured
where the sample was obtained:

Section of Roslyn coal bed at Cle Elum No. 3 Extension mine.

Nv. 9408.
Shale. . Tt. i
Shale, carbonaceous, and bone. .. ... ........ .. ............. 1
L0707 W 2 8
Shale. i 3
o 4
*Shale, hard. .. ... ... ... .. .. S 1
*Coal. . ...l e 1 23
Shale. _—

5 43

Preparation jor market—Partings and impurities which separate
readily from the coal are removed in the mine, and as all the coal is
used for locomotives it needs no further picking at the tipple.

Sample for analysis—Sample 9408 was taken from the air course
which parallels the incline, just below the sixth level, and does not
include the upper parting of the bed The analysis of the sample is
given on page 61.

Character and quality of the coal—The coal is grayish black, mas-
sive, and banded, and breaks with a splintery fracture. The bony
_layer in the bottom of the bed resembles the surrounding coal to such
an extent that it was difficult to separate them and its presence does
not seem to have materially increased the amount of ash in the sam-
" ple. This coal has a heating value a little lower than that of coal
obtained from the same bed in the vicinity of Roslyn.

CLE ELUM NO. 2 EXTENSION.

Cle Elum No. 2 Extension, incline and drift mine about 1 mile north
of Clealum. No. 48.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous. ‘

Coal bed.—The mine is located on the Roslyn bed, which strikes N.
80° W. and dips 9° 8. The coal is separated from massive sandstone
by about 3 feet, of shale, pieces of which ranging up to a foot in thick-
ness break off after the coal is mined and are thrown into the gob.
When they break with the coal, they must be separated from it be-
fore the mine cars areloaded. The floor is firm and does not imix with
the coal. The section following was taken from the place where the
sample was obtained.
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Section of Roslyn coal bed in Cle Elum No. 2 Extension mine.

No. 9409, .
Shale. _ Ft. in.
Shale, slightly carbonaceous .................................. 6
*Coal e a e e ttececaiat ettt et e 1 2%‘
1Shale, hard ............................................ 1
075721 1 3
*Shale, hard. . ........ooo i $
HO0al. o e 11
Shale. oo 3
Coal. .\l 1
Shale. .. 3
077 I 4
*Shale, hard.... ... . .ol 3
*0oal. L oo 1 5

Shale, hard.
5 2

Preparation for market—Partings and impurities that separate
readily from the coal are removed in the mine, and as all the coal is
used for locomotives it needs no further picking at the tipple.

Sample for analysis.—Sample 9409 was taken on the gangway of the
eighth level about 50 feet east from the rope slope. Half the upper
parting and the entire bench near the center of the bed was excluded
from the sample. The analysis of this sample is given on page 61.

Character and gquality of the coal.—The coal is grayish black, mas-
sive, and banded, and has a splintery fracture. It has a lower heating
value than coal obtained from the same bed farther northwest.

CLE ELUM NO. 2.

Cle Elum No. 2, one-half mile north of Clealum. No. 48.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal bed.—The mine is worked on the Roslyn bed, which strikes .
N. 55° W. and dips about 14° SW. The coal is separated from a
massive sandstone by about 3 feet of shale, fragments of which
ranging up to a foot in thickness break off after the coal is mined and
are thrown into the gob. It occasionally breaks with the coal and
must be separated before the mine cars are loaded. The floor is
firm and does not mix with the coal. The following section was
measured where the sample was obtained:

Section of Roslyn coal bed in Cle Elum No. 2 mine. .

No. 9472.

Shale. . Ft. in.
Shale, 80ft. .. ..o 84

F0al. 1 1

““Sulphur’’ band and coal. ...l _ 1
*Coal. . ... ... P e 6%
*Coal, bony. . ... i }

*C0al. - i 7
Shale and coal layers................oo.ooi.... 3%
008l . v et et 1 5%

Shale. .
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Preparation for market.—Partings and impurities which separate
readily from the coal are removed in the mine, and as all the coal is
used for locomotives it needs no further picking at the tipple.

Sample for analysis.—Sample 9472 was taken at the face of the
gangway of the sixth level east. The upper and the lower partings
of the bed can be separated by careful picking and were not included
in the sample. The analysis of the sample is given on page 62.

Character and quality of the coal.—The coal is grayish black, mas-
sive, and banded, and has a splintery fracture. Bony layers in the
coal resemble the coal so much that they can be separated only with

great care.
) CLE ELUM NO. L

Cle Elum No. 1, a shaft mine 250 feet deep at Clealum, on the
Northern Pacific Railway. No. 48.- l

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal bed.—This mine is on the Roslyn bed, which strikes N. 65° W.
and dips 24° S. in the west end of the workings, and strikes N. 55° W.
and dips 31° S. in the east end of the workings. The coal is separated
from a massive sandstone by about 3 feet of shale, of which fragments
ranging up to a foot in thickness break off after the coal is mined and
are thrown into the gob. Occasionally it breaks with the coal and
must be separated before the mine cars are loaded. The floor is firm
and does not mix with the coal. The following sections were meas-
ured at the points from which the samples were obtained:

Sections of Roslyn coal bed in Cle Elum No. 1 mine.

No. 9445. No. 9446.
Shale. Ft. in. | Shale. : Ft. in.
Shale (gobbed). . .............. 94 | Shale (gobbed). . .............. 5
*Coal. . ..oooiiiiiiiiiit 2 *goal. .................... 1 3
Shale....ooeenereenennann. 1 hale..................... 3
O P 1 :gﬁzi -------------------- 1 23
Shale................. ... by *0 Ie ---------------------
fCoal. o oeeeei 2 SEZ(‘} --------------- i’
Shale..................... 4 *Co;i ---------------- 51
*Coal . . ... ...l 5% Shalé """""""""" 1
*Shale, hard........ ... .. 3 *Coal . : 2
*Coal. .. ...l 1 4 Shale R
*Shale, hard..... et 3 ’ . 4 10
*Coal. ..o il 2 No. 9447,
*S‘hale """"""""""" % | shale (poor roof). Ft.  in.
*Ooal. . ovvniiie 1 Clay, soft. . ...ooviennieenn... 1
Shale. P *Coal. . ..o L2 5}
Shale, upper part hard. . .. 1
*Coal. . ..ooviiiiiai... 6
*Shale..................... 1
*Coal. . oevviii it 1
Shale...eeieeeeoennnaainnnnnn. 1 1
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Preparation for market.—Partings and impurities which separate
readily from the coal are removed in the mine, and as all the coal is
used for locomotives it needs no further picking at the tipple.

Samples for analysis.—Sample 9445 was taken from the gangway
on the first level southwest between rooms 32 and 33. Only about
half of the coal between the three upper partings could be removed
by careful picking, and therefore the partings, with the remaining half
of the coal, were not included in the sample. Sample 9446 was taken
from the gangway of the first level southwest, 100 feet from the slope.
The upper and the two lower partings can be separated from the coal
by picking, and were not included in the sample. Sample 9447 was
taken at the east end of the gangway on the first level southeast.
The upper parting can be separated by picking and was, therefore,
not included in the sample. Analysis 9467 was made of a composite
- sample containing equal parts of the samples obtained from this mine.
The analyses of these samples are given on page 62.

Character and gquality of the coal.—The coal is grayish black, mas-
.-sive, and banded, and has a splintery fracture. The bed contains
some partings of bony coal, which are banded and which can be
separated only with difficulty from the coal. The heating value of
the coal is lower than that of coal obtained from the mines on the same

bed farther northwest.
LEWIS COUNTY.

The samples collected in Lewis County were obtained from thiee
fields—the anthracite field on the headwaters of Cowlitz River, the
bituminous field at Ladd, and the subbituminous field near Centralia
and Chehalis. The geologic relations of these fields to one another
has not yet been determined, except that the coal-bearing rocks in
all three fields belong to the Puget formation of the Tertiary system.!
The samples upon which this report is based were collected during
August and September, 1909, and February; 1910. Several samples
obtained during 1908 by J. B. Umpleby, of the United States Geo-
logical Survey, at Ladd and in the vicinity of Glenavon have also been -
included in this report.

Gas is said to occur in the Primrose bed along Summit Creek, in
the anthracite district, and has been seen by the writer bubbling from
some of the coal beds in the bottom of thé creek. In the mine at
Ladd the beds have been cut by igneous rocks in several places, and
gas is especially abundant where these intrusions.occur. In bed
No. 2 gas is found in small quantities throughout the entire workings.

PROSPECT NORTH OF CARLTON. CREEK.-

Prospect on the north side of valley, about 500 feet vei‘tically above
Carlton Creek, in SE. $ NW. % sec. 29, T. 15 N, R 11 E. No. 49.
Kind of coal Carbonaceous shale.

1 Willis, Bailey, Tacoma folio (No..54), Geol. Atlas U. 8., U. 8. Geol. Survey, 1899,
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. Coal bed.—This coal bed occurs in the lower coal group of the
Carlton Pass coal field. An open cut has been made across the face

-, of the bed, exposing a total thickness between hanging and foot walls

of about 9 feet. The bed is'composed almost entirely of black shale
containing very thin stringers of bright coal and several layers of
very badly crushed graphitic shale The following is a section of
the bed:

Section ofcoal (?) bedin SE. 3 NW. ;} sec. 29, T. 15 N, R. 11 E

No 9083, . N
Shale, sandy, carbonaceous. , Ft. in.
*Shale, graphitic..........ooo oo il 1 6
Shale, hard, black......... e eeeeeiataceeeeiieeenaeas 7
Shale, graphitic. ..ot 33
Shale, black, thin stringers of pure coal.................... 2
Shale, black, hard.........o.oiiiiiiiiii i 83
Shale, graphitic...... e 1 7
Shale, carbonaceous, with thin stringers of bright coal ..... 1 11’

Sandstone and shale, with thin layers of carbonaceous shale.

Sample for analysis.—Sample 9093 was taken from the graphitic
shale layer 1 foot 6 inches thick near the top of the bed.

Character and quality of the coal.—The material is badly broken
and shows considerable movement in the bed. When wet, the slick-
ensided faces are very bright and give the appearance of anthracite
coal. This bench was.thought by the writer to contain a high per-
centage of graphite, and has been considered generally by coal pros-
pectors who visited this field to be a high-grade coal. The analysis
in the accompanying table (p. 62) shows that the bench is hardly
better than carbonaceous shale.

PROSPECT SOUTH OF CARLTON CREEK.

. Prospect on hillside south of Carlton Creek in SE. % sec. 1, T. 14 N,
R. 10 E.; about 1,100 feet above the bed of the creek. No. 50.
Kind of coal: Semibituminous. .
Coal bed.—A gangway 90 feet. in length has been driven on this bed
which strikes north and south and dips 60° W. At the end of the
gangway the following section was measured: ’

Section of coal bed in prospect in SE. } sec. 1, T. 14 N., R. 10 E.
No. 9091.

Shale. i Ft. in.
Shale, black. cceeoeeinee e 3 23
Coal, partly graphitic........... ... .. ... il 7
Shale, black, carbonaceous.............. e 1

B 077 S 3 86
Coal, impure - - o iieiiieiiio 1 6

Sandstone.

9 9%
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Sample for analysis.—Sample 9091 was taken from the bed of good
coal 3 feet 6 inches thick, and its analysis is given in the table (p. 62).

Character and quality of the coal.—The coal is very hard and bright,
but contains a few thin stringers of dull coal. It burns on a forge
with a short blue flame and has the appearance of anthracite coal.
Analysis shows that it is very high in ash. It is massive and banded,
and breaks with a conchoidal fracture.

" PROSPECT A, SUMMIT CREEK,

Prospect on.Summit Creek in SE. $ NW. } sec. 13, T. 14 N, R. 10
E. No.51.

Kind of coal: Semibituminous and semianthracite.

Coal bed.—This bed, which is known as the Primrose bed, is
about 20 feet in thickness between hanging and foot walls. A gang-
way has been driven about 50 feet in the lower part of the bed,
which is slightly overturned, dipping 82° and striking north and
south. The following section shows the details of the bed:

Section of Primrose coal bed in prospect in SE. ¥ N W 4 sec. 18, T. 14 N, R. 10 E.

Shale, hanging wall. . Ft. in.
*(1) Coal, with thin layers of bone (sample 9101).......... 2 8%
(2) Coal, bony, with some graphitic-shale. ............... 2 6
*(3) Shale, graphitic (sample 9097).... ... .. .. ... ... 1 5
(4) Shale, black......... ... .. . ...l 8%
*(5) Coal and layers of bony coal (sample 9102)............ 2 1
*(6) Coal (sample 9099).....covuemimeiniiiniian b4
(7) Coal and graphitic shale in alternating layers. ....... 3 11
(8) Shale, black...ceeeueenea et ie e rieiaaaaaaans b2

Sandstone, footwall.

20 3

Samples for analysis.—The section was measured and the samples
taken from the face of an open cut across the bed at the entrance to
the gangway. Bench No. 1, from which sample 9101 was taken,
contains a large percentage of hard, bright coal resembling that from
bench No. 6, but the numerous thin layers of bony coal scattered
through the bed can be separated from pure coal only with extreme

_difficulty, and will increase the percentage of ash in the bed very

considerably. No sample of bench No. 2 was taken, but the coal

" resembles that sampled in bench No. 5. Sample 9097, taken from

the graphitic shale of bench No. 3, shows on analysis that this bench
is too high in ash to be of economic value. Sample 9102, taken from
bench No. 5, contains a large amount of ash, and is too impure to be
of commercial value at the present time. Sample 9099 was taken
from bench No. 6, and represents the best coal in the bed. Sample
9100 was obtained from a layer of the best coal near the center of
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bench No. 6, and represents the best picked coal from the bed. The
analyses of these samples are given on page 63.

Character and quality of the coal.—The coal from bench No. 6 is
pitch black, bright, and very hard. It is massive and breaks with an
irregular conchoidal fracture. In the other benches the coal is not
so pure, is banded and laminated, and breaks with an irregular,
splintery fracture. The coal burns in an open fire with a short blue
flame and, in general, leaves a fairly large amount of ash, though a
sample taken from the best layer in the center of bench No. 6 has a
fuel ratio of 11 and a relatively small percentage of ash.. The analy-
sis (No. 9100) of this sample compares favorably with the analyses of
some of the anthracite coals of Pennsylvania. The percentage of
volatile matter is somewhat higher than in the average Pennsyl-
vania anthracite, but lower than that of the semianthracite coal of
Sullivan County, Pa., which is sold in the market as anthracite.

PROSPECT B, SUMMIT CREEK.

Prospect on Summit Creek, in SE. $ NW. 1 sec. 13, T. 14 N,
R.10E. No. 51.

Kind of coal: Semianthracite.

Coal bed.—The bed is slightly overturned at this place, and has the
same dip and strike as that given for the Primrose bed in the pre-
ceding description. It is separated from the Primrose by 25 feet of
shale. The following section was measured at the face of a drift
. run along this bed 35 feet:

Section of coal bed tn prospect in SE. 3 NW. % sec. 18, T. 14 N., R. 10 E.

No. 9098.

Shale. e Ft. In.
*00al. . ee e, 2 9%
Coal, POOT. ..o e 7
Shale, black. .. ............... e 3
Coal, bony. . ... .. 2 2%

Shale.

8 7

Sample for analysis.—Sample 9098 was taken from the best bench
of coal in the section noted above. The .coal was more or less crushed
and mixed with carbonaceous shale. The analysis of this sample is

given on page 63. 4
" Character and quality of the coal.—The coal is pitch black, bright,
and hard. It is massive and dense, and breaks with a conchoidal
fracture. Analysis shows that the coal contains a very high percent-
age of ash, and although it is classed as a good grade of semianthra-
cite, the percentage of ash in the entire bed is so high that it would
be of little value commercially unless the carbonaceous shale could be
separated thoroughly by crushing and washing.
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PROSPECT .0, SUMMIT CREEK.

Prospect on Summit Creek, in SE. 3 NW. % sec. 13, T. 14 N, R.
10 E., about 350 feet west of the opening on the Primrose bed pre-
viously described. No. 51. :

Kind of coal: Anthracite. ‘

Coal bed.—The coal bed, which belongs to the same group as the
Primrose bed, outcrops very near the level of the creek, and only the
middle of it was exposed in the prospect. It is slightly overturned,
and has a dip and strike practically the same as that of the Primrose.
The following section was measured:

Section of coal bed in prospeét inSE. 3 NW. % sec. 18, T. 14 N., R. 10 E.

No. 8092.
Feet,
(0757 I ) 1 A 1+
008l . 1
Coal, bony. ............ it 14

3+

Sample for analysis.—Sample 9092 was taken from the 1-foot bench
of good coal. The analysis is given on page 63.

Character and quality of the coal.—The coal, which is very bright,
pitch black, and hard, is massive and dense, and breaks with a con-
choidal fracture. It contains a low percentage of ash and has a high
calorific value. The coal is an anthracite and compares favorably
with much of the Pennsylvania anthracite.

SURFACE EXPOSURE EAST OF COWLITZ RIVER.

Surface exposure in SE 1sec. 7, T.13 N,, R. 10 E about 2 miles
east of Cowlitz River. No. 52.

Kind of coal: Anthracite. *

Coal bed.—The coal bed outcropping near the summit of the hill
strikes N. 5° E. and dips 32° W. The bed has a total thickness of
about 18 feet, only 3 feet of which was thought to be pure enough
to be of any commercial value. The remainder of the bed is composed
almost entirely of a hard black shale containing thin stringers of coal.

A drift was run about 20 years ago on a bed outcropping on the
opposite side of the hill, about 200 feet below the outcrop described
above, and it has always been supposed that the drift and the surface
exposure are on the same bed. It was reported that a sample taken
from the drift and analyzed at the New Orleans exposition showed
92 per cent of fixed carbon. It is very clear from the analysis and
physical character of the coal from the surface exposure that the
drift must be on a different bed.

Sample for analysis.—Sample 9090 was taken from the 3-foot bench
of bony coal after removing about 6 inches of coal from the face of
the exposure. The analysis of the coal is given on page 63.
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Character and quality of the coal.—The small stringers of coal, which
are very hard and jet black, and break with a conchoidal fracture,
should probably be considered as anthracite. It would be impossible
‘to separate them from the bony coal in which they are embedded, and
the marketable coal would have about the same percentage of ash as
that contained in this sample.

PROSPECTS NEAR LADD AND GLENAVON.

Prospects in the vicinity of Ladd and Glenavon, Washington.
Nos. 82, 83, 84, 85, 86, and S7.

Kind of coal: Bituminous and anthracite. ~

Coal beds.—On account of the heavy forest covering, the exposures
are very small and the relation-of the beds in each part of the field
can not be definitely worked out from the surface. J. B. Umpleby
examined this area in 1908 and measured the following sections, from
which he obtained the samples.

Sections of coal beds in the vicinity of Ladd and Glenavon.

. No. 6488. . No. 6489, :
Hanging wall: -~ Ft. In. Ha.nglcng lw all. b l;t‘ l:‘
Coal, Shaly .............. 1 -1 0al, very bony............ X

Parting. . ...ooooveeenn. .. 4 Clay, sandy............... 5
*( Coal, very bony............ 11
(07 ) 11
Parting...............oll 2 Clay.........ooooenenenn 3
*Coal ) ) 5 Coal and bone in alternating
Parting.................... 1 Cl:ands """""""""" 10’}
*Coal. . .... . e 7 AQY e
Po’m : : 1 *Coal, bony, dull layers. .... 43
arting...... ... 13 Clay 4
*C (1 .................... 1 1 Y o e e ettt s aa et aennnnen
ngl, Slaby. .o 9 *g;):}l,, hard, dull layers...... ?
Clay, plastic. AR
- Coal, bony. ............... 8
Footwall. ’
oobwa ¢ 7 | Footwall.
No. 6490. o No. 6495 5 9
0. .
Clay, hanging wall. F&. i | Clay, hanging wall. , Ft. in.
*Coal. coveniiii 1 6 *Coal. - - oo 3 6
Volcanic ash............... 1 Parti‘ng..-.: s 5%
*Coa,l: """"""""""" 8% Co*Coal. .. 1 7
Pa,rtmg """""""""" - 9% Pa,rting ____________________ 3
*¥Coal. o oeeeiii .. 1 *00al. - 8
*Pa.rtmg. RS RERARA R 1 Clay, footwall.
Coal. . ...oooioiiiiiil 3 6 5%
Parting.............oo..L. 1 No. 6496. :
*Coal. . ooviiiii . 1 Clay, hanging wall. Ft. In-
Parting............o.o.L. 1 *Coal....ooiiiiil 11
*Coal. ..ol 1 6 Parting.........c...o.o... 111
Shale, footwall. (07 7:) 2 5
71 Parting.......co...oo.... 1
Coal, bony. . .............. 2%
Clay. '

Shale and coal, bony, footwall.

®



158 COALS OF THE STATE OF WASHINGTON.

.Samples for analysis.—Sample 6488 was taken from a drift- 60 feet
long in the SE. } sec. 14, T. 13 N., R. 4 E. All the partings were
removed in sampling. Sample 6489 was taken from a 33-foot drift .
in the northeast corner of the SW. } NE. } sec. 26, T. 14 N.,, R 4 E.
Sampie 6490 was taken from an open cut 10 feet deep in the N E 1 sec.
10,T. 13 N.,R. 4 E., all partings being excluded. Sample 6495 was
taken from an open cut near some small faultsin the SE. } sec. 34,
T. 14 N, R. 4 E. Tt is not certain that the bed is normal at this
point. . Both partings were excluded from the sample. Sample 6496
was obtained from a 26-foot drift in the NW. % sec. 14, T. 13 N.,
R.4 E. The part sampled contained one parting which was excluded
from the sample. The analyses of these samples are given on
pages 63—64.

Character and quality of the coal.—The physical character of the
coal is not known to the writer. Analyses show moderate to very
high amount of ash; the amount' of moisture given off is somewhat
bigh, due probably to moisture on the surface of the coal, which was
not removed before the samples were sealed. The coal does not
slack on exposure to the air. The percentage of fixed carbon is con-
siderably higher than that of volatile matter, in which respect the
coals compare with that from mine No. 1 at Ravensdale. Sample
6496 shows a remarkably small amount of volatile matter, and the
analysis indicates either that the coal is anthracite or natural coke.
With this exception, the samples indicate that this is an impure
bituminous coal.

EAST CREEK-LADD.

East Creek-Ladd, a tunnel and drift mine at Ladd, on the Tacoma
Eastern Railroad. No. 53.

Operator: East Creek Coal Co.; W. M. Ladd and J. Bagley, Ladd,
Wash.

Kind of coal: Bituminous (coking and noncoking).

Coal beds—Two coal beds, Nos. 2 and 3, were being developed
commercially at the time of sampling and a third bed, lying above
Nos. 2 and 3 and called No. 4, was being prospected. The beds
strike N. 85° W. and dip 40° SW. Bed.No. 2, the main commercial
* bed and the lowest in the group, is being worked on the property of
the East Creek Coal Co., and coal is brought to the surface by a
gangway and a rock tunnel through the property of W. M. Ladd
and J. Bagley. Bed No. 3 lies 590 feet west of bed No. 2 and is being
developed in the valley of a small creek southwest of the main entrance
to No. 2. A gangway 250 feet long has been driven on this bed.
A short gangway has been driven on bed No. 4, which is 160 feet
west of bed No. 3, near the entrance to the gangway on No. 3. Sec-
tions of these coal beds at the places where the samples were taken -
are as follows: -
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Sections of coal beds in East Creck-Ladd mine.

. No. 9882, bed No. 2.
. Sandstone.

Ft. in.
6
Shale....oveoemeeeeeeiinn {0 2
Shale, carbonaceous, soft . . ... ... 7-
*¥Coal. . ....oooiiiiiiilLL. 10
Shale, clayey............. 1
*Coal, “‘sulphur” in joints... 1 9
Shale, carbonaceous........ 4
*Coal, calcite veins. . ....... 11
Coal bed................. 3 1
No. 9880, lower bench of bed No. 3.
Coal. Ft. in.
Shale and bony coal............
*Coal. ..ot 3 6%
Coal, bony.
: 4 1

159
i No. 9881, upper bench of bed No. 3.
Shale. Ft. in.
*Coal....oovneni ... 1 8
Shale and bony coal............. 6%
2 %
No. 9879, bed No. 4.
t. In.
Coal, bony, and shale....... 2 8}
*Coal. . oo 1 8
Shale...................... 1
¥Coal. ... ... 1
Shale.................c.o.. 3
Coal, bony. ............... 2%
Shale...................... 3
*Coal. . oovirei 1
*Shale....cooooeieiiiiil 3
*Coal. o ovviieie e 5
Shale
Shale, and coal, bony. —

~

The following sections were measured in this mine by J. B.

- Umpleby in 1908:

Sections of coal beds n East Creek-Ladd mine.

-

No. 6493, bed No. 2.

Clay. Ft. in.
*Coaleoe o iiiiaaii i 93
Parting................... 1
*Coal.ovooevneeniii i 1 11
Parting.................... 1
*Coal. .. 1 5

Clay

4 3%
No. 6482, bed No. 4, v
Ft. in.

Coal, bony.......ccceeeeiii... 16 6
*Coal.coeeeeeeviaaaaocs 1 11
Bone................o.. 2%
*Coal.ooereieenaieaiaaaee.. 20 3%

Shale. ’

20 11

No. 6494, bed No. 8.

£t in,

(072 DO R
Parting........... ... ... 1
Coal.....oooooiei it 8%
Bone....oeiiiianiiiiint - 3%
*Coal.oovoeiniiiiianiiea 4 1
Parting.................... 11

(07171 O - 1
Shale. .
9 3%

Preparation for market—The coal from bed No. 2 is picked at the

bunker and washed through a Howe tub washer.

The coal from No.

3 is picked at the entrance of the gangway and then flumed to the
washer at the entrance to bed No. 2, where it is mixed with the coal
from No. 2 and passed through the washer.

Samples for analysis.—A sample (No. 9882) of bed No. 2 was taken
60 feet up chute 62 from the first water-level gangway. The two
shale partings given in the section can be separated from the bed
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by careful picking and washing, and were not included in the sample.
Two samples were taken at the face of the gangway on bed No. 3—
No. 9881 from the upper bench and No. 9880 from the lower bench.
These benches are separated by 6% inches of shale and bony coal
which is removed from the coal by picking. Sample 9879 was
obtained from the face of the gangway on bed, No. 4. The bed con-
tains several partings of shale and bony coal. It will probably be
somewhat difficult to separate the bony coal from the commercial
parts of the bed, but inasmuch as the lower shale parting in the bed
was not removed in the sampling it was thought that by removing
all the bony coal the resulting amount of ash in the sample would
represent that obtained in the ordinary commercial coal from this -
bed. Sample 6493 was taken from bed No. 2, the two partings of
which were not included in the sample. None of the partingswere
included in sample 6494, taken from bed No. 3. Sample 6492 was
taken from the short drift on bed No. 4 where No. 9879 was taken.
The parting was not included in the sample. Sample 6491, consisting
of two samples of about 300 pounds each of washed coal from bed
No. 2, was taken at the bunker as it came from the washer. Each -
sample was reduced and quartered in the usual manner until 100
pounds were obtained. The two samples were then mixed, ground,
and quartered until the final sample was aboﬁt 4 pounds. ‘It was’
sealed in the can while still wet.

Analyses of the samples will be found on pages 64-65.

Character and quality of the coal—The coal from bed No. 2 is
bright, has a cubical fracture, and is of better quahty than that from
either bed No. 3 or No. 4. It is rather hlgh in ash and produces
coke. of fairly good quality. The joints in the coal are very close
together, and are, in the lower portion of the bed, filled with calcite,
pyrite, and free sulphur. The coal from bed No. 3 is banded and is
heavier than that from bed No. 2, but not nearly so bright or well
. jointed. Both benches of this bed contain coal of similar quality.
The coal, though high in ash, is considered fairly good for railroad and
domesticuse. The coal from bed No. 4 resembles very much the coal
from bed No. 3, but it is higher in ash and therefore lower in heating
value. The coal from all three beds contains a small percentage of
moisture, does not slack during transportation to the market, and
may be classed as bituminous. :

MENDOTA.

Mendota, a slope mine at Mendota, about 6 miles east of Centraha
on the Centraha Eastern Railroad. No. 54.

Operator: Mendota Coal & Coke Co., Centralia, Wash.

Kind of coal: Subbituminous. :
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Coal bed.—Several coal beds are exposed on the property of the
company, but only the one upon which the mine was working was
-sampled. The bed strikes north and south and dips 12° W. The
following sections were measured at the places at which the samples

were taken: ;
Sections of coal bed tn Mendota mine.

No. 10324, ‘ No. 10323,
Ft. in. . Ft. in.
*00al. o 2 241 *Coal.....oooooiiiiiiiiiiiiiiil L 4
" Shale, sandy......... S e 24 | ¥Shale, sandy........ s 3
*Coal... ..ol 1 1 | *Coal.oeviieeiiiiiin e linls, 6%
Shale, sandy.................... 4 | tShale, sandy.................... 3
*Coal.. e e 2 *Coal........oooiiiiaiii...... 8 6
Shale, yellow brown .............. 1 Shale.............. P 1
*Coal.. 2 %008 e e 3
Sha.lc ................ et 3] Shale........................... 3
*Coal, little stringers of bone...... 91 *C0oaleeneiiieieeieieee . 4 2
Shale, yellow-brown.............. 3 .
*C0alenenii e 3 A 10 3
9 8%

Preparation for market.—When the partings are large and separate -
easily from the coal they are removed in the mine. The coal is
picked and sized at the tipple over a shaking screen Wlth 2-inch
perforations.

Samples for analysis.—Sample 10324 was collected 80 feet above
the gangway at the first level north in room No. 2. At this place all
“of the partings in the bed can be separated by careful picking, and
hence they were not included in the sample. Sample 10323 was taken
at the.foot of the slope, 850 feet from the entrance of the mine. -
The bed contains four partings. It would be difficult to separate all
the material in upper two partings from the coal, and therefore about
one-half of each was included in the sample. The analyses of these
samples are given on page 65.

Character and quality of the .coal—The coal is grayish black and
has a reddish-brown streak. It is massive and banded, and breaks
with a conchoidal fracture. It slacks readily upon exposure to the
air, owing to the large amount of moisture it contains—an amount
about equal to that of the coal from the Hannaford mine. - It has,
- however, less fixed carbon than this coal, a greater amount of ash
and sulphur, and a lower heating value. It has considerably less
moisture than the coal in the vicinity of Chehalis and will probably
stand transportation better. It should be classed as low-grade sub-
bituminous. » ‘ '

Irregular lenses of a soft cannel-like coal occur in places in this

mine. When first exposed these lenses are black and give a yellow-
~ ish brown streak, but they turn brown very soon. The percentage
91320°—Bull. 474—11—11 '
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of volatile matter in them is very high, for large pieces can be. easily '

ignited in the hand with a match, and they burn much more readily

than any cannel with which the writer is familiar, with a long, smoky, - A

yellow flame.
RICHMOND.

Richmohd, a slope mine 1% miles northeast of Centralia. No. 55.
Operator: Centralia Coal Co., Centralia, Wash.
Kind of coal: Subbituminous.

Coal bed.—Only one coal bed is developed at this mine. It strikes

N. 40° W. and dips 40° SW. The following section was measured at
the face of the north gangway, just beyond chute No. 10 on the first

level:
Section of coal bed in Richmond mine.

No. 9177,

Ft. in,
L7 1
Shale, hard.. 6
Coal(usedasroof) 81
*Coaloneeeeii e T e 7 8
Coal and shale, carbonaceous 6
L0 ) 1+

11 5+

Preparation for market.—The coal is passed ovér a #-inch screen
and then picked. Only the lump coal is placed on the market.

Sample for analysis—Sample 9177 was cut at the place where the
above section was measured The analysis of the coal is given on
page 65.

Character and quality of the coal.—The coal is brownish black in
color, and has a reddish-brown streak. It is massive and banded,
and breaks with an irregular conchoidal fracture. It contains a very
high percentage of moisture and weathers very readily on exposure
to the air. It should be classed as a very low-grade subbituminougs
coal.

SUPERIOR NO. 1.

Superior No. 1, a water-level mine 1 mile northeast of Chehalis.
No. 56.

Operator: Superior Coal Co. Chehahs Wash.

Kind of coal: Subbltummous

Coal bed.—This coal bed is about 11 feet in thickness. It strikes
N. 70° W. and dips 40° SW. The entire bed of coal, which is the

~same bed as that mined in the Twin City mine of the Twin City
Light & Traction Co. about one-fourth mile west, is mined, but as the
sample from the Twin City mine was taken from the lower bench
very near this mine it was considered that a sample from the upper
bench to supplement the Twin City mine sample was all that was
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" necessary. The following is a section of the upper portion of the bed
. at this mine and that from which the sample was taken:

Section of upper part of coal bed in Superior No. 1 muine.

No. 9942.
Sandstone. Ft. in.
*00ale e e 17
Shale, sandy.- ... 3
R0 1 3
Shale, sandy... ... . L )
a7 P 2
Shale. e ee e e 1
07 1 6
Shale, hard.
Shale. 4 6

Preparation for market.—The codl is passed over a 1-inch bdr screen
at the bunker, picked, and dumped into the bin.

Sample for analysis—Sample 9942 was taken 10 feet east of the
entrance to the tunnel to the bed. The analysis of the coal is given
on page 65. ‘ - '

- Character and quality of the coal.—The coal is brownish black and
has a reddish-brown streak. It is massive and banded and breaks
with an irregular conchoidal fracture. Owing to its high percentage
of moisture, it slacks very readily upon exposure to the air. It is
probably on the border line between low-grade subbituminous and
high-grade lignite.

‘ SUPERIOR NO. 2.

- Superior' No. 2, a slope mine one-fourth mile north of the station
at Chehalis, on the main line of the Northern Pacific Railway. No.57.

Operator: Superior Coal Co., Chehalis, Wash.

Kind of coal: Subbituminous.

Coal bed.—The coal bed is nearly 10 feet in thickness. It strikes
N. 80° W. and dips 54° S. The following section was measured
where the sample was taken: '

Section of coal bed in Superior No. 2 mine.

No. 9941.

Sandstone, soft. . Ft. in.
O DU PO 3 11
077 4 6
*Coal, slightly bony and soft............................ 5%

Shale, carbonaceous, soft...............o.... ... ., 1
*Coal........... e e e e 9
(67071 IR 161 A L. 2

Sandstone. ——9——16 4

Preparation for market.—The coal is passed over a 1-inch bar screen

at the bunkers and then picked,
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Sample for analysis.—Sample 9941 was obtained in chute 5 about
50 feet above the first level gangway. The bed contains one carbo-
naceous shale parting near the bottom, which can be separated by
picking, and was not therefore included in the sample. The analysis
of the coal is given on page 65.

Character and quality of the coel.—The coal has a brownish-black
color, 4 reddish-brown streak, massive and banded structure, and a
conchoidal fracture. It contains a high percentage of moisture,
slacks very easily upon exposure to the air, and is a very low-grade

. subbituminous coal.
: TWIN CITY.

Twin City, a slope mine 1 mile northeast of Chehalis. No. 58.
Operator: Twin City Light & Traction Co. Chehahs, Wash.
Kind-of coal: Subbituminous. .

Coal bed.—The coal bed worked in this mine is the lower part of
the bed worked at the Superior No. 1 mine about one-fourth mile
east. (See p. —.) It strikes No. 70° W. and dips 40° SW. The
following section was measured where the sample was taken:

Section of lower part of coal bed in Twin City mine.

No. 9945.

Shale. Ft. in.
Coal, with thin irregular bands of shale ............... 4 .
Shale oo 6

*FCoal een i 1 7
Shale ............. e e . 33

Bl 070 2 6

Shale ..o 1

Bl €Y 7
*Shale, thinlens ... ... .. .. .. .. ..., 3
B0 Y 3%
ShAle oo 3
RO Y 93
Shale T EE——
10 83

* Preparation for market.—The coal is passed over a bar screen and
picked.

Sample for analysis.—Sample 9945 was taken at the east end of
the first level gangway about 300 feet from the slope. The bed con-
tains several shale partings which can be easily separated by picking
and washing, and these were therefore not included in the sample.
The analysis of the coal is given on page 65.. :

Character and quality of the coal.—The coal is brownish black and
gives a reddish-brown streak. It is massive and banded, and breaks
with an irregular conchoidal fracture. Its percentage of moisture is
high and it slacks very readily upon exposure to the air. It is probably
on the border line between low-grade subbituminous and high-grade
lignite,
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CHEHALIS.

Chehalis, a drift mine 2 miles east of Chehalis. © No. 59,
Operator Chehalis Coal Co., Chehalis, Wash.
Kind of coal: Subbltummous
Coal bed.—The coal bed strikes N. 30° E. and dips 30° SE. The
following section was measured at the place where the saniple was
obtained:
Section of coal bed 1n Chehalis mine.

: No. 9944,
Shale. _ Ft. in.
FO0Le e S 2 10
Shale, soft “mlmng” .................................. 9%
*Coal.. ool 2 93

Preparation for market.—The coal is screened and picked at the
bunker.

Sample for analysis.—Sample 9944 was obtained in the first water-
level gangway 250 feet from the entrance of the mine from a stump
pillar which was then being drawn and which had probably been
exposed in the mine air for some time. A parting of soft shale near
the center of the bed is used as mining and is separated from the
coal by picking. The analysis is given on page 66.

Character and quality of the coal.—The coal is brownish black and
has a reddish-brown streak. It is massive and banded, and breaks
with an irregular conchoidal fracture. It contains a hmh percentage
of moisture and slacks very readily on exposure to the air.  This
coal is on the border line between low-grade subbituminous and high-
grade lignite.

SHELDON.

Sheldon, a slope mine 3 miles east of Chehalis, Wash. No. 60.
"Operator: Sheldon Coal Co., Chehalis, Wash’ '
Kind of coal: Subbituminous.
Coal bed.—The coal bed worked at this slope is about 6 feet thick.
The section measured is as follows:

Section of coal bed in Sheldon mine.

No. 9943.
Ft. in

Coal. oo 24
07 ) 2

Shale, carbonaceous. ....oouei it 2%

Coal. .o 6

Shale, carbonaceous. .....v vttt 2
1 D S 3 5%
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Preparation for market.—The coal is screened over a l-inch bar
screen and then picked. :

Sample for analysis.—Sample 9943 was taken 250 feet east of the
slope and 40 feet up the rise from the. first level. The bed contains
near the middle a parting of 104 inches of carbonaceous shale and coal,
which can be separated from the remainder of the bed by careful-
picking and washing, and this portion of the bed was not included in
the sample. The analysis is given on page 66.

Character and quality of the coal.—The coal is brownish black and
has a reddish-brown streak. The structure is massive and banded,
and the fracture conchoidal. The high percentage of moisture
causes the coal to slack very readily upon exposure to the air. The
coal should be classed as low-grade subbituminous.

CRESCENT. |

Crescent, a water-level mine 4 miles northwest of Littell, on logging
road. No. 61.

Operator: Union Coal Co., Seattle, Wash.

Kind of coal: Subbltummous o

Coal bed.—Several coal beds have been opened at this mine, but
a sample could be obtained only from the main bed. Thls bed
strikes N. 85° W. and dips 40° S. A bench of coal 1 foot 6 inches
thick is left as a roof to support the sand overlying it. Wherever
this roof is broken and the rocks are moist the sand flows into the
mine in large quantities and makes the conditions of operating very
unsafe. This mine was not being operated at the time it was visited.
The following section was measured at chute 17, between chutes 18
and 19, and about 800 feet from the entrance to the first water-level
gangway.

Section of coal bed in Crescent mine.

No. 9940.

Sand. Ft. in
Coal.......... PR 16
FCoal. . e 93
Shale, hard ... ... ... 4
Sl 1 6

®Qhale. . ... 1
. Y 3%
Shale, hard......... ... ... .. .. e 6

Shale, yellow. . ... .. .. 1

Shale, carbonaceous....... e 9%
*Coal. ..ot e e 1 5

Shale. . «ue e %
07 ) 1 33

Shale, carbonaceous.
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Sample for analysis.—Sample 9940 was taken where the section ,
given above was measured. The bench of shale 2 feet 3% inches thick
near the center and small partings of shale in both the upper and
lower benches of the bed should be removed in preparation for the
market, and these were not included in the sample. The large
amount, of foreign material included in the bed, together with that
which mixes with the coal from the floor and the roof, will increase
- the amount of ash in the marketable coal above that shown in the
analysis very greatly unless it is very carefully removed. The
analysis of the sample’is given on page 66.

Character and quality of the coal.—The coal is brownish' black "in
_color, and has a reddish-brown streak. It is massive and banded,
and breaks with a conchoidal fracture. It contains a higher percent-
age of moisture than any other coal sampled in the State, and slacks
very readily on exposure to the air. This coal should be classed as
subbituminous.

PIERCE COUNTY.

The coal fields of Pierce County have been studied by Bailey
Willis and George Otis Smith.! The beds of the north end of the
field were correlated by them on the data available in 1899, and the
extension of the mines since then has essentially borne out their
conclusions. The field has been developed to some extent farther
south, at Melmont and Fairfax, but the relation of the beds worked
in these places to those in the other mines farther north have not been
definitely established.

The work of sampling was done in this county during December,
1909, and January, 1910. Two samples were taken from the Carbon
Hill mine by M. R. Campbell in 1905, and a mine sample and a car

“sample were taken from the same mine by K. M. Way in 1908- A
sample was taken in 1908 by J. B. Umpleby from a prospect about 7
miles east of Ashford. Descriptions of these samples and their
analyses are here given for purposes of comparison.

Gas is present in considerable quantities in some of the mines. At
Burnett and Carbonado safety lamps are used in many of the work-
ings. At the south end of the levels from slope No. 1 on the Wingate

- bed at Carbonado so much gas is encountered along a well-defined

zone which cuts diagonally across the workings that operations
must be discontinued when this zone is reached.

! Willis, Bailey, Report on the coal fields of Washington' Territory: Mining industries, Tenth Census
U. 8., vol. 15, 1886, pp. 759-771.

Wl]hs, Bailey, Some coal fields in Puget Sound (W ash ): Eighteenth Ann. Rept., U. 8. Geol. Survey,
nt. 3, 1898, pp. 399-436.

Willis, Bailey, and Smith, G. O., Tacoma folio (No. 54), Geol. Atlas U. 8., U. S. Geol. Survey, 1899.
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BURNETT.

Burnett, a slope mine at Burnett on the Northern Pacific Rail-
way. No. 62.

Operator: Pacific Coast Coal Co., Seattle, Wash. .

Kind of coal: Bituminous (cokmg) :

Coal beds.—Two coal beds are being worked in the mine—bed
No. 2, which is believed to be the same as the- Wingate bed at Car-
bonado, and another believed to be bed No. 3 of ‘the old workings
and referred to by that number in this report. The southern end
of this bed in the second water level is bounded by a fault and its
relation to the other beds is not definitely known. The beds strike
about N. 20° W. and dip 45° NE. Bed No. 2 varies somewhat. in
thickness in different parts of the mine. Bed No. 3 holds a fairly
constant thickness, but the partings vary. The following sections
were measured where the samples were taken:

Sections of coal beds in Burnett mine.

No. 9891, bed No. 2. _ No. 9890, bed No. 3.
Shale. Ft. in. Ft. in.
Shale, carbonaceous.......... ... 43 | Shale....... R R 0%
*Coal. . .2 2 *Coal.....o.oociinl ] 4
Shale, soft carbonaceous - . 5% Shale........ ERRREE R 2
*Coal.. e _1 6% Shale, carbonaceous......... 2
Shale, carbonaceous ..... e 8% *Coal 13
Shale, hard. ...:................ 6+ Shale.................ooo 8
. : *Coaleoooeneeiie i by
Coal bed.................. 4 2% Shale..oome oo 4
~ No. 9889, upper bench of bed No. 3. ' *Coal..ooenoi 3
Shale..................... 3
Shale, carbonaceous, poor roof.  Ft. in. *008Y - e 4
*oal.oovveeeenieniiicecec o 160 Shalen.aiail.lllL e 1
Shale. ..o 5 %Coal. _ : :
Cozﬁ lWith jrregular lenses of Coal bed. o oo . 4 9
shale............. ... 5 7
Shale. No. 9888, lower bench of bed No. 8.
7 6_ Shale, cairbonaceous, poor roof.  Ft. in.
Coal.. e
Shale ........................ )
*Coal, with irregular lenses of
shale ...................... 5 7
Shale -
7 6

Preparation for market.—No attempt is made to separate the
impurities from the coal in the mine, but at the bunker (Pl. VII, B,
p- 84) the coal is passed over a shaking screen having 1j-inch per-
forations, after which the oversize is picked on a link-belt picking
table by six men and repicked over a 14-inch bar screen before being
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dumped into the bin. The undersize is washed in a Howe-Robinson
tub washer. ’

Samples for analysis.—All the samples taken from the mine were
obtained from the second level. Sample 9891 was taken from bed
No. 2 on the first crosscut 2,200 feet south of the rock tunnel to
bed No. 3. The bed contains a layer of soft carbonaceous “shale
which can be separated by careful picking and washing and was not
included in the sample. The bed is overlain by 5 inches of car-
bonaceous shale which breaks with the coal and must be removed
at the bunker.. Sample 9890 was taken 15 feet above the gangway
on bed No. 3 from the first manway south of the rock tunnel from
bed No. 2. The bed contains six layers of shale, which can be sepa-
rated from: the coal by careful picking and washing and which were
not included in the sample. It is overlain by about 6 inches of
shale, more or less crushed, which mixes with the coal in mining
and must be removed at the bunker. The lower part of the bed as
exposed in this manway was still in the coal. Sample 9898 was
taken from the north end of the gangway on bed No. 3 at a point
1,650 feet north of the rock tunnel from bed No. 2. The sample was
taken on the upper bench of coal, which, together with the 5 inches
of shale underlying it, is frequently left as a roof for the lower bench.
This bench is overlain by badly broken carbonaceous shale, which
makes a very poor roof, for it mixes with the coal and must be re-
moved at the bunker. Sample 9888 was taken from the place where
sample 9889 was obtained but from the lower bench. The bed
contains irregular lenses of shale, most of which can be removed by
careful picking and washing, and only a few of the thinnest were
included in the sample The shale underlying the bed is 1furly flrm
and does not mix with the coal to any great extent.

Sample 9887 was taken from the surface of storage bins in the
bunkers by selecting about 75 pounds of small lumps at random
over the surface of the coal. The coal of this sample was reduced
to about -inch mesh and then quartered. Opposite quarters were
discarded and the remaining coal mixed and ground to the size of
a pea. It was then quartered and reduced in the usual way until
the final sample, about 4 pounds, was obtained. Sample 9886,
which was taken from the surface of the bins and from a loaded
50-ton railroad car, consisted of wet coal direct from the washer;
it was prepared for analysis in the same way as sample 9887, but
was sealed in the can while still moist. The analyses of these samples
are given on pages 66—67.

Character and quality of the coal.—The coal from bed No. 2 is pltch
black, gives a dark-brown streak, and has a vitreous luster. It is
massive and slightly banded, and breaks with an irregular, slightly
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conchoidal fracture resembling that of the Wingate .coal at Car-
bonado and the McKay coal at Black Diamond. The coal contains
a small amount of moisture and does not slack when exposed to the
sun. 1ts heating value is nearly as high as that of any coal obtained
in the State, and it should be classed as a high-grade bituminous
coal. The coal from bed No. 3 is pitch black, and has a dark-brown
streak and a vitreous luster. It is massive and laminated, and
breaks with an irregular splintery fracture. The amount of mois-
ture present in it is small, and it does not weather on exposure to the
sun, but its ash content is greater than that of the. coal from bed
No. 2, and its heating value is correspondingly lower. It is con-
’mdered a good grade of bituminous coal. Both these coals are
coking coals and are used in the manufacture of gas. ‘

BLACK CARBON.

Black Carbon, a drift mine on the Northern Pacific Railway
“about one-half mlle west of Pittsburg, Wash. No. 63 '

Operator: Black Carbon Coal Co,

Kind of coal: Bituminous.

Coal bed.—Only one coal bed has been worked in this mine, and
at the time of the visit the mine was not operating. The bed strikes
N. 15° W. and dips 40° E. The following section was taken where
the sample was obtained:

Section of Black Carbon coal bed in Black Carbon mine.

No. 9892.

Shale. Ft. in
B 11
FSRALE. - e e e e e 1
FO0al. e 8%

Shale. ... 3
e SO 5%
Shale, lens....... ... oL i %
FC0al. e e 1 3%
) N 3
07 5
Shale. .. ool %
H00aL . e . 9%
Coal, bony . ..o 7
Clay, yellow............o.oioaiiiiia.. s PO 3

Shale, black.

Preparation for market—No attempt was made in working this
bed to separate any of the impurities from the coal in the mine. It
was picked at the bunker over a 14-inch bar screen.

Sample for analysis.—Sample 9892 was taken from chute 2%,
about 6 feet above the gangway and 1,250 feet from the entrance
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to the mine. The bed' contains several shale partings, most of
which can be sepamtc‘d by careful picking and washing; the upper
parting, however, is too thin to be separated and was included in
the sample, an analysm of which is given on page 67. :
"~ Character and quality of the coal—The coal is pitch -black, and
has a dark-brown streak and a vitreous luster. The lower bench
of the coal is massive and dense, and breaks with an irregular frac-
ture; the other layers are banded and laminated, and break with an
irregular splintery fracture. The coal contains a small amount of
moisture and does not crumble when exposed to the sun. Although
the percentage of ash contained in it is somewhat high, it has a
sufficiently high heating value to make it a fair commercial coal.

PITTSBURG.

Pittsburg, two slope mines at Pittsburg, on the Northern Pamﬁc
Railway. No. 64.

Operator: Coast Coal Co., Tacoma, Wash.

Kind of coal: Bltummous

Coal beds.—Two coal beds are worked in this mme, the Lady Wel-
lington and the Pittsburg. They strike N. 15° W. and dip 58° to
60° SW. The following sections were taken from the places where
the samples were obtained:

Sections of coal bed in Pittsburg mine.

N;:. 9895, Lady Wellington coal bed. No. 9894, Pittsburg coal bed.

Shale. Ft. in. | Shale. Ft. in.
*Coal. ... .ol 4 11 *Coal . ... il 103
Shale. ¥Bone....................., 3
o *Coal. ...l .1 2%

Shale and hone............. 4

*Coal . ......... ... ... .... 4

Shale, lens ................ 1
*Coal . ............o... 64
Shale...................... 1%
*Coal . ... L. 1 2%
Bone... ...l 1 6%

Preparation for market—No attempt is made to separate the
impulities from the coal in the mine. Coal from the Pittsburg bed
is hoisted and dumped immediately on a 13-inch bar screen, from
which the oversize is hand-picked and the undersize is conveyed by
flume to a washer at the bunkers. Coal from the Lady Wellington
bed is hauled directly to the bunkers, where the lump coal is picked
by hand and the fine coal is washed through two Forrester jigs.
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Samples for analysis.—Sample 9895 was taken from the first cross-
cut between chutes 324 and 33, on the first level of the Lady Wel-
lington bed. Both roof and floor are firm and do not mix with the
coal in mining. Sample 9894 was taken at the face of the gangway
just beyond.chute 134 on the first level of the Pittsburg bed. It
contains several partings of shale and bone, most of which can be
separated from the coal in preparation for market. The upper part-
ing of ‘bone was included in the sample. Both roof and floor of the
bed are firm and do not mix with the coal. Sample 9893 was obtained
by picking small quantities at intervals from the surface of the
washed coal in the bins and on one of the railroad cars. The coal
was still moist when the sample was taken and sealed in the can.

The sample, containing about 65 pounds, was reduced to about

3-inch mesh and quartered. Opposite quarters were discarded and
the remaining sample reduced to the size of a pea. This was again
quartered and reduced in the usual way until about 4 pounds was
left; this amount was sealed in the can and sent to the laboratory.
The analyses of these samples are given on page 67.

Character and quality of the coal.—The coal from both of these beds
~ is nearly pitch black, gives a dark-brown streak, and has a vitreous
luster. It is'massive, banded, and laminated, and breaks with an
irregular, splintery fracture. It contains a small amount of moisture
and does not crumble when exposed to the sun during transportation.
Although it contains a large amount of ash, its heating value is high
enough to make it a fair commercial coal. In almost every respect
it resembles the coal from mine No. 1 at Ravensdale and the more
mpure grades of coal in the vicinity of Bayne.

WILKESON.

Wilkeson, a water-level mine at Wilkeson, on the N orthern Pacific
Railway. No. 65.

Operator: Wilkeson Coal & Coke Co., Tacoma, Wash.

Kind of coal: Bituminous (coking). :

Coal beds.—The coal beds worked in this mine are the same as
beds Nos. 1, 2, and 3 (coking) at the Carbon Hill mine, Carbonado.
The beds are folded along north-south axes so much that in some
parts of the workings they dip to the east and in others to the west.
They strike from due north-south to N. 30° W. and dip from 20° to
60° E. in the parts of the mine worked at the present time. They are
fairly uniform in thickness in different parts of the mine, but the
partings are somewhat irregular. The sections following were meas-
ured where the samples were obtained. -
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Sections of coal beds in Wilkéson mine. "
No. 9905, bed No. 2, No. 9904, upper part of bed No, 2.
Coal. Ft. in. | Shale. Ft. in.
Shale............. e 13 (07 D 1.7
*Coal. ...ooviiieeinnnn.. 1 Coal, bony . ............... 1 6
Shale..oooeevenenan. 1 *Coal, bony and streaks of
*Coal . ... il 93 0722 R 1 5
Shale, hard.............. 3 Coal. ... ...l 93
"*Coal . ... 3 Coal, bony. ............... 3
Shale, hard.............. 1 Coal............. e 5
*#Coal. D 6 Shale, hard................ 1
Shale, hard.............. 3 Coal. ... ... ... 1 8
*Coal . ...l 2 3 Coal, bony . ............... 5
Shale, ‘“‘mining,”” black....... 6 -+ | Shale, hard.
Shale. _— : 7 113
4 14 _

No. 9903, lower part of bed No. 2. No. 9902, upper part of bed No. 3.
Shale. ¥t. in. | Shale, bony.’ Pt in.
Coal.....oooveaaan P B 4 *Coal . . 1
Coal, bony. ............... 1 6 Shale.......o..oooiiiit 6
Coal, bony and streaks of *Coal . ... ... ... ..oll. 1 6

[0721 R 1 5 Shale, hard................ 3
*Coal. oo 94 *¥Coal . ... il 8%
Coal, bony................ 3 Shale, lense................ 1
“*Coal . .... s 5 *Coal . ........ . 4
Shale, hard............. . 1 Coal, bony.......... e 2 5
*Coal . .......... . 1 83 | Shale, hard.
"Coal, bony................ 5 ] 6 6%
Shale, hard. - ' -
7 11%
"No. 9901, lower part of bed No. 3. No. 9900, bed No. 3.

Shale, bony. Ft. in. | Shale, hard. Tt. in.
Coal. .oooiviii . 1 *Coal. ... 11
Shale...........oo..oii... 6 Shale........ooooil.. 6
(07 S 1 6 *Coal . cooviiiiii 1
Shale, hard.........0...... 3 Coal, bony. ....«.......... 1
(07%) 8% *Coal. ...oiieiiii 6
Shale, lense................ 1 Bone..................l.. $
Coal . ..........o.......... 4 *Coal. ... 7

*Coal, bony . ..veuiean ... 2 5 *Coal, impure. ............. 1 9%

Shale, hard. : Coal, bony ... ............ 3%

' 6 6%
. 5 8%
No. 9899, bed No. 7.

. Ft. in.

Coal . ...l 1L 6

Shale, hard................ 6

¥Coal . .. ... L. 3 6

Coal, bony........... et 7

Bone. -
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* Preparation for market.—No attempt is made to separate the part-
ings from the coal in the mine. At the bunkers the coal is passed
over a shaking screen with 1}-inch perforations, after which the best
lump coal is sent thr ough a crusher and mixed with the washed coal
from the first set of jigs, while the poorer grade of lump is stored in a
separate bin and used for steam coal. - The screenings are passed
through five Forrester jigs, and are then rewashed through another
set of jigs before being used for coke. The tailings from the second
set of washers are stored in a separate bin and are used for the boilers.
The equipment in use is capable of handling about 400 tons of coal a
day. A new bunker, with a revolving dump and a Shannon jig, was
being installed at the time the workings were visited. In this bunker
the coal will be passed over a bar screen having 53-inch spaces, from
which the oversize will be picked and used for domestic coal and the
undersize passed over a shaking screen with 3-inch perforations.
The oversize from this second screen will be hand picked and con-
veyed to the bin for steam coal; the undersize will be again passed
over a screen with $-inch mesh. Oversize from the -inch screen is
to be washed through a Shannon jig and the concentrates used for
steam coal, and undersize will be washed through an improved Howe
tub washer and used for coke. When the bunker is completed the
capacity of the plant will be about 800 tons a day. ,

Samples for analysis.—Sample 9905 was taken from bed No. 2 about

50 feet up chute 105, on the southeast gangway. The bed contains
several shale partings which can be separated at the bunkers, and
these were not included in the sample. Soft shale, which breaks very
readily, overlies the bed and necessitates the use of a fairly firm layer
of coal as a roof. The bed is underlain by 6 inches of black shale,
which is used as a ‘‘mining” and is removed by washing. Sample
9904 was taken from the upper part of bed No. 2, at the face of the
gangway on the east water level, which, on the day the sample was
taken, was 1,200 feet west and 1,500 feet north of the southeast cor-
ner of sec. 34, T. 19 N., R. 6 E. The bed is overlain by about 3 feet
of bony coal and coal, which is badly crushed in this particular part
of the mine and makes a very bad roof. Sample 9903 was taken from
the bench underlying that from which No. 9904 was obtained, at the
same place. This bed contains two layers of shale and bony coal that
can be separated at the bunkers, and these were not included in the
sample. It is underlain by 5 inches of bony coal, which mixes to
some extent with the good coal in mining and must be removed at the
bunkers. Sample 9902 was taken from the upper part of bed No. 3,
about 50 feet up chute 19 on the southeast gangway. Three layers
of shale are contained in the bed, but these impurities can be removed
at the bunkers, and they were not included in the sample. Hard
~ carbonaceous shale, which is crushed in some parts of the mine and

mixes to some extent with the coal, overlies the bed, Sample 9901
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was taken from the lower part of bed No. 3 at the place from which
sample 9902 was obtained. The bed is underlain. by hard shale,
which is broken to some extent in parts of the workings and mixes
with the coal. Sample 9900 was taken from the south end of the east
gangway on bed No. 3, at a point about 3,000 feet north and 1,650
feet, west of the southeast corner of sec. 34, T. 19 N., R. 6 E. The
bed contains several layers of bone and shale which can be sepa-
~ rated at the bunkers, and which were not included in the sample.
Bony coal and shale, which mix to some extent with the coal’and are
removed at the bunkers, lie both above and below the bed. Sample
9899 was taken from a portion of bed No. 7 exposed in the roof of the
gangway about 100 feet south of the rock tunnel from the west parting
to the east gangways, and at a point about 650 feet west and 600 feet
south of the north quarter corner of the section noted above. The
“bed is overlain by hard shale and coal, and underlain by bony coal,
all of which are more or less crushed and mix with the coal in mining.
The layer of coal next above the bed would probably be worked with
this bed in mining. Sample 9898, consisting of about 100 pounds,
was taken in small quantities and at random from the surface of the
storage bins containing the rewashed coal, which is used in the coke
ovens. The coal in the sample was broken to about 4-inch mesh and
reduced by the usual method of quartering to a sample of about
25 pounds, which was then ground to about the size of a pea and
quartered by the usual method until the final sample of about
4 pounds was obtained. The coal was wet when sealed in the can.
The analyses of these samples are given on pages 67-68.

Character and quality of the coal.—The coal from this mine is pitch
black, gives a dark-brown streak, and has a vitreous luster. Most of
the coal is minutely jointed and crumbles readily, so that the per-
centage of lump is very small. The texture of the coal is dense, and
it breaks with a cubical fracture sometimes slightly irregular. It
contains a small amount of moisture, and does not slack on exposure
to the sun. Pure coal from the mine is probably low in ash and high
in fixed carbon, and should have a very high heating value. Some
of the benches, however, have considerably more ash than others
and correspondingly lower heating value. The washed coal is used
as a blacksmithing coal and is considered one of the best blacksmithing
and coking coals in the State. The coal is fair bituminous, of about
the same quality as that obtained from bed No. 3 at Burnett.

GALE CREEK,

Gale Creek, a slope mine at Wilkeson, on the Northern Pacific
Railway. No. 66. )

Operator: Gale Creek Coal & Cake Co. Tacoma; Wash.

Kind of coal: Bituminous,
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Coal beds.—The three coal beds at this mine strike about N. 10° W.
and dip from 26° to 60°-SW., are uniform in thickness throughout the
mine, and belong to the same group as that worked at Wilkeson and
Carbonado. The mine had not been in operation for several months
previous to the writer’s visit. The following sections were taken
where the samples were obtained: '

Sections of coal beds in Gale Creek mine.

No. 9908, bed No. 1. No. 9910, Queen coal bed.
Shale. Ft. in. ' )
Shale, slate-colored, fissile....... 1 | Shale, hard. Ft. in.
s . *Coal. ...l 11
Coal. ... ..........o..... 1 9
* Shale, carbonaceous......... 3
Coal, soft. .. ... ...l $ %
% (6771 N 1 4
Coal. ... ...l 1 6 Shale —
Shale, hard, black. : ' : 3 6
. 3 4%
No. 9909, bed No. 2.
Shale. Ft. in.
Bone, soft. ... ... ...l 1
*Coal. . ............. e 3
Shale, carbonaceous, ‘‘mining”’. . 6
Shale, with bands of shale and
coal. '
3 7

Preparation for market.—No attempt was made when the mine was
operated to separate impurities in the mine. The coal was passed
over a 14-inch bar screen at the bunkers, after which the lump coal
- was picked by hand and the screenings were washed in a Jeffery tub
washer. .

Samples for analysis.—Sample 9908 was taken from bed No. 1 about
10 feet south of the auxiliary slope to the old No. 1 opening and in the
first-level air course. The bed has one parting of soft coal which can
not be separated from’the hard coal and was included in the sam-
ple. The bed is overlain by about an inch of fissile shale which loosens
from the roof after the coal has been drawn and mixes to some extent
with it. The floor of the mine is a hard black shale, which is firm and
does not mix with the coal. Sample 9909 was taken on the second level
gangway of bed No. 2 in the new mine, about 100 feet south of the rock
tunnel from this bed to the Queen. The bed is overlain by 1"inch of
soft bone, which mixes more or less with the coal, and is underlain by
6 inches of carbonaceous shale, used as a ‘‘mining”’ and separated
from the coal in preparation for the market. This bed has been con-
sidered the same as bed No. 1, but the workings on the two beds have
not been connected and the relations between them have not been
definitely established. Sample 9910 was taken from the Queen bed
on the pillar between chutes 3 and 4, on -the second level gangway
north. The bed contains a shale parting near the center which can
be removed in preparing the coal for the market and which was not
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included in the sample. Both the roof and the floor of the mine are
firh and do not mix with the coal. Analyses of these samples are
given on pages 68-69.

Character and quality of the coal.—The coal from these beds is
pitch black, with a dark-brown streak and a vitreous luster. Tt is
massive and laminated and breaks with a cubical fracture, occasion-
ally slightly irregular. It contains a small amount-of moisture and
does not weather on exposure to the sun. All three beds have a
fairly low percentage of moisture, but are somewhat higher in sul-
phur content than the best coal in this region. They have high
heating values and should be classed as bituminous coal of high
grade.

WILLIS.

Willis, a slope and water level mine at South Willis, on the North-
ern Pacific Railway, about 2 miles from Wilkeson. No. 67.

Operator: Commonwealth Coal Co., Wilkeson, Wash.

Kind of coal: Bituminous.
~ Coal beds.—These coal beds parallel the beds worked at the Wil-

keson and Gale Creek mines, but are higher in the series. They
strike about N. 10° W. and dip about 56° E. Two beds were being
worked at the time the writer visited the mine, but the higher bed,
which is known as No. 1, is not in its normal position and was not
sampled. The following sectlon was taken where the mine sample
was obtained:

. Section of Wz’ndsor coal bed in W’illis mine.

’ : No. 9908.
Shale. . ¥t

in.
Shale, carbonaceous ....... ... . ... it 3
F 0L, e 4 4
: Coal, soft, impure ...... .. ..o 2%
Shale................. e e e 9%
Shale, sandy. ... ... 1 6
Sandstone. : ' . L ———
7 1

Preparation for maiket.—The coal from both the Windsor bed and
from ‘bed No. 1 is passed over a 1}-inch bar screen at the bunker.
The oversize is picked and used solely as lump coal.® The undersize
is washed in a Robinson-Howe tub washer.

Samples for analysis.—Sample 9906 was taken from the Wmdsor
bed 25 feet beyond chute 11 on the lower water-level gangway. The
bed is overlain by carbonaceous shale and underlain by soft impure
coal, botn of which mix more or less with the coal and must be sepa-
rated at the bunkers. Sample 9907, which was taken from the
bunker containing washed coal, was composed of about 60 pounds
of coal taken in small quantities and at random from the surface of

91320°—Bull. 474—11—12
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the coal in the bins. The coal in the sample was reduced to $-inch
mesh and quartered.. Opposite quarters were discarded, the remaining
sample ground to the size of a pea, quartered, reduced in the usual
way until the final sample of about 4 pounds was obtained. The
analyses of these samples are given on page 69.

Character and quality of the coal—The color of the coal is pitch
black, the streak dark brown, and the luster vitreous. It is massive
and somewhat banded, and breaks with an irregular fracture. Mois-
ture is present only in small amount in this coal, which does not
slack on exposure to the sun, but the ash content is high. In gen-
eral, the coal has about the same heating value as that from Pitts-
burg, which appears to be on beds of the same group. It is classed
as a rather impure bit_uminous,coal.

BRIER HILL.

- Brier Hill, a water-level mine, about one-fourth mile west of
Wﬂkeson on the Northern Pacific Railway. No. 69.

Operator: Brier Hill Coal & Coke Co., Wilkeson, Wash

Kind of coal: Bituminous.

Coal bed.—The coal bed upon which this mine was Worked belongs
to the group which occurs at the Gale Creek workings, but lies near

-the crest of the anticline on the opposite side of the syncline. The

bed strikes N. 5° E. and dips 20° W. No work was being done on
it at the time it was visited by the writer. The following section
was measured where the sample was obtained:

Secmon of coal bed in Brier IHill mine.
No. 9897.

Shale.’ * - , " Ft.  in.
Shale, BArd. . o oo oo e 13
*Coal, banded....... ... ... ... 6
Bl 5 73 oV Y 2
*Coal, banded.......................lllllL 6
- *8hale, hard. ... ... ... %
* Coal, banded .......................................... 2
Shale, hard....... ... .. 13
*Coal, banded........o.oii 3 1%
Shale. :
. . ) . 4 9

Preparation for market.—The bed has a low dip, and some of the
impurities can be separated in the mine. = In preparation for ship-
ment the coal has been picked at the bunker.

Sample for analysis—Sample 9897 was taken on the water-level
gangway 500 feet south of the entrance of the mine. The bed con-
tains several layers of hard shale and bony coal, much of which
resembles the coal so closely that it can not be readily separated.
Only the lowest parting in the bed was excluded from the sample.
The analysis of this sample is given on page 69.
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Character and quality of the coal.—The coal from this bed is grayish
black and has a dark-brown streak and a dull luster. It is massive,
distinctly banded, and laminated and breaks with a splintery fracture.
It contains a small amount of moisture and does not slack when
exposed to the sun. On account of the large amount of ash the
heating value of the coal is about the same as that of an average
subbituminous coal ‘but it should be classed as very impure bitumi-
nous coal.

SNELL.

Snell, a slope mine about 2 miles southeast of Wilkeson. No. 68.

Operator: Pacific Coal & Oil Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal bed.—One coal bed was worked at this mine when it was in
operation. It had been closed for some time when the writer visited
the place, and the slope was flooded nearly to the water level, and
as most of the water-level gangway was caved in it was difficult to
obtain a good sample. The bed strikes about N. 10° W. and dips
75° E., and is believed to underlie the beds worked at South Willis.
The bed is somewhat disturbed where the sample was taken, and a
full section could mot be obtained. The section at this point is as
follows: '

Section of coal bed in Snell mine. '

No. 9896.

Shale. i Ft. in.

Shale, carbOnACeOUS. 2. ..o\ ettt 2%
0 7

L] P 3
7 A AU 1 5
Shale, black........oooo o i 1

Sandstone.

Sample for analysis.—Sample 9896 was taken from the roof of the
first water-level gangway 75 feet from the entrance and about 10
feet beyond the slope. ‘A layer of clay near the middle of the bed
can be removed, and was not included in the sample. The bed is
overlain- by about 2 inches of carbonaceou$ shale, “which mixes with
the coal and must be separated from it in preparmg it for the market.
A thin partlng of black shale separates the coal at this point from a
bed of massive sandstone underlying it. This sandstone was re-
ported.to be a lens in the main coal bed which had increased from a’
thickness of a few inches in the northern part of the mine to several
feet at this place so that only the upper -bench could be worked.
The analysis of the coal sample is given on page 69.

- Character and quality of the coal.—The coal in this bed is pitch
‘black, gives a brown streak, and has a vitreous luster. It is minutely
jointed, and can be readily crushed in the hand. The structure is
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slightly banded -and laminated, and the fracture irregular. Analysis
shows a slightly high percentage of ash, but this may be due to
impurities which were mixed with the bed during the movement
which crushed the coal. It contains a small amount of moisture
and does not weather on exposure to the sun. It is reported to be
one of the best blacksmithing coals in the State, and should be
classed as a bituminous coal of fair quality.

CARBON HILL.

Carbon Hill, a series of drift and slope mines at Carbonado, on
the Northern Pacific Railway. No. 70. ‘

Operator: Carbon Hill Coal Co., San Francisco, Ca,l

Kind of coal: Bituminous.

Coal beds.—More than a dozen coal beds have been worked at
different times in this mine. Ten were being worked at the time
of the writer’s visit, and nine were sampled. Carbon River cuts
diagonally across the beds, approximately along the line of a large
fault which separates the more regular southern part of the forma-
- tion from the folded part on the north. The strike of the beds on
the south side of the river is fairly uniform, nearly north and south,
and they dip from 60° near the north end to about 20° at the south
end. North of the river the beds are somewhat closely folded, and
locally they are offset by small faults. The beds were not numbered
in reference to their position in the formation. Three slopes have
been driven; one on the Wingate bed on the southwest side of the
river, known as the No. 1 slope; another on the Wingate bed-on
‘the north side of the river, known as the No. 6 slope; and a third,
called the Electric slope, on bed No. 1 at the end of a long rock tunnel,
known as Mine No.1 North. All the remaining openings are shghtly
above the river, and are spoken of as water levels. The beds and
their partings are fairly continuous throughout the workings, but
about one-half mile south of slope No. 1 the Wingate bed is offset
by a diagonal dike and shows a different section south of the dike.
The following sections were measured where the samples were
obtained:

Sections of coal beds in Carbon Fill mines.

No. 9570, bed No. 11. No. 9564, bed No. 5.
Shale, black (poor roof) Ft. in. | Shale. Ft. in.
- *Coal.. AU B | *Coal. o oooiiiiiii 1 10
Shale ....................... 33 Shale, irregular......... ... 23
*Coal. ..o 1 3 Coal, impure...... el 3%
Shale....................o. 2% *Coal, crushed................ 2 2}
Shale, carbonaceous...... e 2} | Shale, hard, and some coal ....... 1 3%
*Coal......ooo...o.. et 1
Shale......ooooooiiiiiio... 4 | 5 10
Coal.eue e .3
Shale (poor floor).
N 4 5
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'No. 2460, bed No. 1.
Ft. in
Coal, dirty....coeeeeeieeaann 1
Parting......o....o.oo. 3
*Coal.ioeiiiiiiiia oo 19
Parting. ... 7
*C0al. e 1
Parting......co...oilll. 4
*¥Coal e 8
Parting..............o.l.. 1
*Coaleosooe i L 2
7 %
No. 9565, upper bench of coking bed No. 3.
Shale, hard (poor roof). Ft. in.
*Coal ..o 1 5
“Shale...ooeeiiiiiiiiaa, 1
Coal..oooeeii . 2
Shale... ... .. ... ... 2%
Coale i 3 5
Coal, bony......oo....ooa.... 7
Shale (poor floor).
8 -7}
No. 552-D, coking bed No. 3.
Ft. in.
*Coal.ooeoeeeiii it PR 1 10.
" Shale...ocooiiiiiilt 4
B0 U B 11
Shale..................... B P
*Coal. e 10
Shale........o.............. 1
*Coal. . oo 7
Shale.............oooolL 2
*Coalo.oooooiiiiiiiil 2 4
8 13
No. 9557, coking bed No. 2.
Shale (poor roof). Ft. in.
*Coal.oeoneeeii i 2 7
Shale, hard................. b
*Coal. .o 1 6
Shale.......... ... 1
*O0ALa e 3
*Coal, fine-grained metallic ... 23
*Coal............o... e 2%
Shale, hard................. 1
*Coal, bright, minutely jointed 11%
*Shale........ e P
*Coal, bright, minutely jointed 63
Shale..........oooio... 1
*Coal. oot 2 23
Shale (poor floor).
8 93
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No. 9560, Wingate bed.

Shale, hard. Ft. in.

Shale, hard and very smooth.

No..9558, Wingate bed.

-Shale, black. Ft. in.

Shale, black.

No. 9556, bed No. 9.

.Shale, black. Ft. in.
*Coaloeeee e 3 7
Shale
No. 9572, bed No. 1. .
Shale, black. ) Ft. in.
*Coaleeeeeiiei i 2 9
Shale and broken coal....... 2%
*Coal. oo 113
Shale................... ... 3
*Coaleooreaeei i 5
Shale....................... 2%
*Coalooooeeiii 3
Shale, hard................. %
*Coaloee e 2
Coal, bony................ .. 5
Shale. -
7 4
. No. 9562, bed No. 4.
Shale, carbonaceous. " -Ft in.
*Coaloeeeeii L 1 7
Shale.........oooeiii. .. 3
*Coal, impure................. 3
Shale........ooooiiiao... ¥
#00l e 1 5%
Shale, “sulphur”. ... ... ... %
*Coal. ...l 6
Shale, “‘sulphur”........... 1
00 et 17
Coal, bony.....o............. 1 3%
6 103
No. 9565, lower bench of coking bed No. 3.}
Shale, hard (poor roof). Ft. in
Coal.........oo... U 1 5
Shale....................... 1
*Coal....oioiiiii i 2
Shale............ ... .. 23
*Coaleoeeieiaaa ., e 3 5
*Coal, bony................... 7
Shale. '
8 74
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No. 9569, coking bed No. 1.
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No. 9601, Wingate bed in slope No. 1,

Shale. Ft. in | Shale, hard. © Ft. in’
*Coal, impure................. 3 | Shale, carbonaceous, thin streaks -
*Coal, finely jointed and of coal..i...ooo. il 10

crushed.......... U .1 83 #C0ale e 4 1
Shale, irregular..........0... 1 | Shale, hard. -
-*Coal, finely jointed and ‘ 4 11
crushed...........oooeul... 93 No. 2459, Wingate bed.
Shale, black (poor floor). Ft. in.
i ’ 2 5 *0oaleeeee i 4 11

Preparation for market.—The coal from this mine is prepared for
the market by three processes. The first method is applied only to
dry coal from the Wingate bed, which is passed over a 3-inch bar
screen, the oversize being picked and dumped into the bin for lump.
The undersize is picked by hand to remove fraginents of mine timber
and occasional pieces of shale from the floor or roof, which may mix.
with the coal, and is either sold as unwashed Wingate or flumed to
.the washer which handles the small coal from the wet Wingate dump.
Coal from mine No. 6 and wet coal from mine No. 1 on the Wingate
bed are handled by the second process, by which the coal'is washed
from the mine cars and passed over a bar screen having 23-inch and
1§-inch openings; the oversize is picked twice to remove fragments
of mine timber and impurities of shale and bone, and the undersize
passed through two Robinson-Howe tub Washers Concentrates
from the washer are carried by drags over draining screens having
slits about 0.06 inch in width into bunkers for the washed ngate ‘
coal, and the fine coal which passes through the slits is collected in a
specml settling tank constructed for the purpose. This fine coal is
drawn from the bottom of the settling tank and again carried by
drags over a draining screen, having slits about 0.03 inch wide. The
coal which passes over the end of the screen is called ‘‘birdseye,”
that which passes through the screen is separated in large settling
tanks and is called coal dust. Both the coal dust and the birdseye
are sold in Seattle and Tacoma for use in automatic stokers for large
heating plants. About 50 tons a day of coal dust and birdseye are
saved from a total output of 800 tons. "The coal from the other beds,
all of which is treated by the third method, is passed over bar screens
having 2%-inch and 1-inch spaces. The oversize is picked three
times and the resulting lump is known as Douty lump. The under-
size is passed through a Robinson-Howe washer and is treated in the
same manner as the ngate coal. ‘

A special set of Forrester jigs has been installed for the purpose of
cleaning the coal for coking, but they were not in use at the time of the .
visit. - Plate VIII, 4, shows the town of Carbonado and the new bee-
" hive coke ovens of this company.
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© Samples for analysis—Sample 9570 was taken 500 feet from the
éntrance to the gangway on bed No. 11, and about 40 feet above the
gangway in chute 10. The coal bed is disturbed and considerably
broken at this place. It contains three shale partings, which can be
separated by careful picking and washing, and these were not included
in the sample, but both the roof and floor, and the coal and shale
which separate the bed from the floor, are badly broken and mix
with the coal to a considerable extent in mining, constituting impuri-
ties which must be removed from the. coal in preparing it for the
market. Sample 9556 was taken from the south end of the gangway
about 400 feet from the entrance to the water level on bed No. 9.
The bed is' overlain by fairly firm black shale, which does not mix
with the coal. Sample 9564 was taken at the south end of the water-
level gangway of bed No. 5 about 3,200 feet from the entrance. The
bed contains an irregular layer of shale and some impure coal near
the center, but both can be fairly well separated in preparation for
the malkct and they were excluded in the sample. The bed is over-
lain by shale and underlain by hard shale and thin layers of coal, all
of which are fairly firm and do not mix with the coal. Sample 9572
was taken from the first level on bed No. 1 about 100 feet up
.chute 13 and 600 feet north of the bottom of the Electric slope. The
bed contains several partings which, as they can be separated in prep-
aration for the market, were not included in the sample. The car-
bonaceous shale overlying the bed and the bony-coal underlying it are
fairly firm, although locally they break and mix with the coal to some
extent. Sample 2460 was taken by M. R. Campbell from bed No. 1
on the east dip, halfway between the synclinal point and the anti-
clinal end. All four partings in the bed were removed in sampling.
Sample 9562 was taken from bed No. 4 about 200 feet up chute 14,
north of the entrance to the gangway. The bed contains several
layers of shale, which can be separated from the coal in preparation
for the market, and these were not included in the sample. Thé roof
is of carbonaceous shale and the floor of bony coal, which mix only
slightly with the coal and can be removed at the bunkers. Sample
9565 was taken at the south end of the gangway on coking bed No. 3, -
at a point about 1,900 feet south and 100 feet west of the northeast
corner of sec. 4, T. 18 N., R. 6 E. It was taken from the upper
bench of the bed which is ovexlam by hard shale—a very poor roof,
which, in mining, mixes with the coal to a very considerable extent.
Sample 9555 was taken from the lower bench of coking bed No. 3
" at the place from which sample 9565 was taken. The bed contains
a layer of shale, but as this can be removed in preparing the coal for
the market it was not included in the sample. The lower layer of the
bench is somewhat bony, but is mined with it, and is included in the
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sample. The coal in.both samples from this bed was slightly moist,
owing to seepage from the surrounding rocks, and the samples for
analyses were sealed in the can while still wet. Samples 552-D
and 787-D were taken by K. M. Way. The first-named sample was
taken from the face of the gangway of coking bed No. 3 in the north
workings, about 14,000 feet from the entrance to the No. 1 north tun-
nel. All the partings were separated from the sample. Analysis No.
787-D was made from a car of run-of-mine coal from bed No. 3 north
(coking), after it had been shipped to Denver and before it had been
put through the washer. Sample 9557 was taken from the north end
of the gangway on coking bed No. 2, about 3,200 feet south and 100
feet west of the northeast corner of sec. 4, T. 18 N., R.6 E. The bed
contains several layers of shale, most of which can be separated when
the coal is prepared for the market and were therefore not ineluded in
- the sample. The second-parting from the bottom, however, is very
thin, and was included in the sample. Both roof and floor of the bed are
of badly broken shale; they mix with the coal in mining to a consider-
able extent, and must be separated at the bunkers. Sample 9569 was
taken from coking bed No. 1 at the end of the rock tunnel from coking
bed No. 2. Coking bed No. 1 is believed to be one of the beds
worked at the Wilkeson mine, but it.is very much thinner at this
place, probably on account of I6cal movement along the bedding
planes. The bed contains an irregular layer of shale near thc bot-
tom, which, as it can be removed in preparing the coal for the market,
was not 1ncluded in the sample; the upper part of the coal is some-
what i impure, but was included in the sample. The coal in the two
benches is finely jointed and crushed, indicating considerable move-
ment, and is underlain by a very poor floor of black shale, also badly
broken, which mixes with the coal in mining. Sample 9560 is a
composite of two samples taken from the Wingate bed near slope
No. 1. Half of the sample was taken from the third level at the south
end of the gangway about 40 feet south of the main slope, and the
other half from the same level at the end of the gangway 280 feet
north of the slope. Both roof and floor are hard and firm and do not
mix with the coal. Sample 9558 was taken from the third level in
mine No. 6 on the Wingate bed, about 20 feet north of the slope in
the first crosscut. Roof and ﬂ001 are firm and do not mix with the
coal except where there has been local disturbance.  Sample 9601
was taken from slope No. 1 on the Wingate bed in the tenth crosscut
between chutes 56 and 57 of the second level. The upper part of the
coal bed in this part of the mine is replaced by soft carbonaceous shale
containing thin streaks of coal, which breaks with the coal and must be
separated at the bunkers. Along a definitely marked zone at the
south end of the workings this shale contains a very large amount of
gas.under enormous pressure, which frequently blows out great masses
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of coal. Sample 2459 was taken by M. R.-Campbell from the Wingate
bed on the level 700 feet below the river, near a small fault.

The following samples were taken after the coal had been prepared
for market by picking small lumps or small quantities at random from-
the surface of the bunkers or from the surface of railroad cars. In
preparing each sample the coal was reduced to a $-inch mesh and |
quartered until about 25 pounds was left, after which it was ground
to the size of a pea and quartered in the usual manner until a final
.sample of about 4 pounds was obtained. Sample 9566 represents
about 125 pounds of Wingate lump coal taken from the surface of a
30-ton car. It was still moist when sealed in the can. Sample 9563
consisted originally of 80 pounds of dry Wingate coal passed over a
3-inch bar screen, sample 9567 of about 245 pounds of washed Wingate
coal taken from the surface of the bunkers and from several railroad
cars, and sample 9561 of 150 pounds of washed coal taken from the
" surface of 12 loaded railroad cars. It was raining at the time sample
9561 was taken, and the coal was sealed in the can while still wet.
This sample probably consists for the most part of coal from the Win-
gate bed, but it may contain some of the Douty coal. Sample 9559
represents about 215 pounds of Douty washed coal taken from the
bunkers and the surface of several railroad cars, and sample 9571 about
172 pounds of Douty lump coal taken from the Douty bin and from
several cars which were being loaded. The coal in both samples was
moist when sealed in the cans. For sample 9568, about 95 pounds of
coal dust was taken from the surface of ‘a railroad car containing about
equal proportions of “birdseye’ coal and coal dust just after it had
been loaded. The sample was thoroughly mixed and quartered in the
usual manner. The sample contained a very high percentage of mois-
ture, most of which was retained after passing through the washer and
was given off in air drying. The analyses of the samples from this
mine are given on pages 69-72.

Character and quality of the coal.—The coal from this mine is pitch
black, gives a dark-brown to black streak, and has a vitreous luster.
It is massive and dense, and breaks with an irregular, hackly fracture.
The coal from the Wingate bed breaks with an irregular, slightly con-
choidal fracture along the lines of minor joints, resembling in this re-
spect the coal of the McKay bed. The coal has a small amount of
. moisture and does not slack when exposed to the sun. Coal from the
Wingate bed has a fairly small amount of ash and a heating value nearly
as high as that of any coal in the State; coal from the other beds con-
tains generally a greater amount of ash and is somewhat lower in heat-
ing value. All the coals are bituminous and of good grade, comparing
favorably with many of the bituniinous coals of the eastern part of the
United States.
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MELMONT.

Melmont, a slope and drift mine at Melmont, on the Northern
Pacific Railway. No. 71.

Operator: Northwestern Improvement Co., Tacoma, Wash.

Kind of coal: Bituminous.

Coal beds.—Three coal beds are exposed in.the mine, and the lower
two were being worked at the time the mine was visited. Bed No.1,
the highest in the group, is not now being worked. No. 2, the middle
bed, is being mined on a short water-level gangway.” No. 3, the
main bed of the mine, is worked at the present time in the first level.
The beds strike N. 30° W. and dip 42° SW. Bed No. 3 is fairly uni-
form in thickness throughout the mine. The rocks of the entire
region in which this mine is situated are very badly broken; joints
occur close together and extend through both roof and floor, so that
the blocks between the joints slide upon each other and cause a very

strong squeeze in all parts of the workings. The following sections

were made where the samples were obtained:

Sections of coal beds in Melmont mine.

No. 9579, bed No. 3. No. 9578, bed No. 3.
Shale (poor roof). - Ft. in. | Sandstone. ' Ft. in.
*Coal, broken except lower . Shale (poorroof).............. 4+
1 foot 3% inches. . . . .. -5 5 Shale, carbonaceous, soft. ..... 1 5+
*Shale.................... 1 *Coal. ...... P, . 4
*Coal. ... ... 11% o Coal..........l.l.. 2
——— | Shale —
6 5 11 5+
No. 8576, upper bench of bed No. 2. No. 9580, lower bench of bed No. 2.
Shale roof (poor). _Ft. in. | Shale roof (poor). Ft. in.
Shale, carbonaceous, soft...... = 4} Shale, soft, carbonaceous. . . ... 4
*Coal . ... ... ........... 3 6 C%C0al. - 3 6
Dirt, black................ 4 Dirt, black................ 4
003/]. ..................... 5. 3% Coal. .o . 5 3 %
Shale..................... 24+ Shale..................... 2%+
Coal. — Coal. N
9 8+ | . 9 84+
No. 9577, bed No. 1. )
Shale, hard. ) Ft. in.
Shale, soft.......... e 11
*Coal .................... 7
Shale.........o.ooooou.. 1
#Coal ..ol 64
Shale.................... 1 5
*Coal. ..ol 11
Coal, soft, clayey........ 1
*Coal. . .................. 6 .
Shale, with thin layers of bony
. coal.

3
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Prepamtwn for market.—No attempt is made to separate impuri-
ties from the coal in the mine. At the bunkers the coal is passed
over a shaking screen having perforations 2 inches in diameter, from
which the oversize is picked on a link-belt picking table and conveyed
to the bunkers, and the undersize sorted through a set of revolving
screens. The dlﬂerent sizes from these screens are washed through

a Forrester feldspar jig.
~ Samples for analysis.—Sample 9579 was taken from bed No. 3 on

the first level north 50 feet above the gangway in chute 73. The bed
" contains a thin parting of shale which can not be readily removed in
preparing the coal for the market, and it was therefore included in
the sample. Both roof and floor are badly jointed at this place and
" mix with the coal to a considerable extent. Sample 9578 was taken
from bed No. 3 on the first level north about 200 feet up the rise in
the pillar between chutes 56 and 57. The workings were subjected
to a very heavy squeeze at this point and only part of the bed could
be sampled. The bed is overlain by 14 feet of carbonaceous shale,
very badly broken, which mixes to a considerable extent with the
coal. The cap rock of shale which overlies this carbonaceous shale
is also very badly broken, and makes a very poor roof. The floor of
the mine is of shale and is probably broken like the roof. Sample
9576 was taken from the upper bench of bed No. 2 on the first water-
level gangway north, 25 feet above the entrance to chute 2. The
bed is overlain by an irregular layer of soft carbonaceous shale that
‘mixes with the coal in mining and must be separated at the bunkers.
The roof of the mine is also very poor and mixes to some extent with
the coal. Sample 9580 was taken from the same place in the mine
from which sample 9576 was obtained, from the lower bench of bed
No. 2, which is separated from the upper bench by about 4 inches
of black dirt that must be removed at the bunkers. The lower bench
is underlain by a thin layer of shale which mixes to some extent with
the coal. Analysis 10412 was made of a composite sample consisting
of equal parts of the samples taken from bed No.2. Sample 9575
represents about 200 pounds of coal taken from eight railroad cars,
obtained by collecting small quantities at regular intervals from the
surface of cars just loaded from the bunkers. The coal in this sample
was reduced to 3-inch mesh, and then quartered and reduced in the
usual manner until about 25 pounds remained. This was ground to -
the size of a pea and quartered and reduced until the final sample of
4 pounds was obtained. The coal was wet when taken from the sur-
face of the cars, and was sealed in the cans while still moist. Sample
9577 was taken from the north end of the first water-level gangway
on bed No. 1 about 100.feet from the main rock tunnel. The bed
contains several partings of shale and impure coal which can be sepa-
rated from the coal in preparation for the market, and which were not
included in the sample. At this point the bed is overlain by about
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a foot of soft shale, which makes a poor roof, inasmuch as it mixes to
a considerable extent with the coal. The analyses of these samples
are given on pages 72-73. .

Character and quality of the coal.—The coal from bed No. 3 is pitch
black, gives a black streak, and has a vitreous luster. It is dense
and breaks with an irregular fracture. Joints break the bed very
badly, so that it produces a very small amount of lump coal. The
coal contains a small amount of moisture and does not weather on
~ exposure to the air. It contains, however, a somewhat large amount
of ash that can not be separated from the coal in preparation for
the market. Coal from beds Nos. 2 and 3 is grayish black and
dense, and breaks with an irregular fracture. It contains a greater
" amount of ash than bed No. 3 and a somewhat lower heating value.
All these coals coke and are used as blacksmithing coal. They are
of about the same quality as those at Carbonado, with the exception
of the Wingate, and are regarded as a good grade of bituminous coal.

FAIRFAX.

Fairfax, a drift and slope mine at Fairfax, on the Northern Pacific
Railway. No. 72. r

Operator: Tacoma Smelting Co., Tacoma, Wash.

Kind of coal: Bituminous (cokmg)

Coal beds.—Three beds were examined in the mine and sampled
The lower bed, known as the blacksmith bed, was not being worked
at that time. The middle, or bed No. 3, was being worked on the
first level,-and the upper, or bed No. 7, was being worked on the water
level. The beds strike N. 30° W. and dip about 75° NE. Bed No.
3 is the only one at present worked to any considerable extent. Both
the roof and floor of the bed are very firm, but they are not uniform.
In some places the bed is only about a foot in thickness, and in other
places it is nearly 4 feet. The following sections were taken where
the samples were obtained:

Sections of coal beds wn Fairfax mine.

No. 9607, bed No. 3. 4 . No. 9609, blacksmith bed.
Shale, very hard. Ft. in. (South end of gangway.]
*Coal, slightly bony ........ 3 | Shale. Pt in.
¥Coal. ..o 6 | Shale, carbonaceous............. 2%
Shale, hard ................ I *00al. " o 1 ¢
*Coal. ... ... . ...l 2 11} | Qhale.
Coal, bony. ..«............ 3 : 1 113
Shale, hard, flinty.
. 4
No. 9608, bed No. 7. v 3
Shale'(poor roof).
*Coal, broken. ............. 5 3% -
Shale, hard................ 4
*Coal. oo 2 8

Shale (poor floor).

8 4
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Preparation for market.—At the bunkers the coal is passed over a
shaking screen having 13-inch perforations. The oversize is hand
picked to remove the shale partings and other impurities, then
passed through a crusher, and thence conveyed to the washer. The
undersize is washed through a Jeffery-Robinson washer and rewashed
through two jigs. C '

Samples for analysis.—Sample 9607 was taken from bed No. 3
80 feet below the north water level in chute 8. The bed contains
one shale parting, which can be removed in preparation for market
and which was not included in the sample. Both roof and floor are
very hard and_do not mix with the coal in mining. Sample 9608
was taken from bed No. 7 at the end of the water-level gangway,
about 75 feet south of the rock tunnel from bed No. 3. It contains
a parting of shale near the center, which can be removed and which
was not included in the sample. Both roof and floor are very poor;
they mix to considerable extent with the coal and must be removed
at the bunkers. Sample 9609 was taken from the blacksmith bed
at the south end of a short gangway from a rock tunnel about 500
feet along the main gangway from slope No. 3. The bed varies in
thickness and the coal for the sample was taken in two places within a
few feet of each other. Both roof and floor are hard and do not mix
with the coal except where local lenses of shale occur under the roof.
Sample 9574 was made up from about 75 pounds of washed coal from
the bunkers, which had stood in them under cover for some time.
Small quantities of coal, all in fragments less than three-fourths of
an inch in diameter, were taken at irregular intervals from the sur-
face of the coal. The coal was thoroughly mixed and quartered in
‘the usual manner until about 20 pounds were left; this was ground to
the size of a pea and quartered until the final sample of 4 pounds was
obtained. The analyses of these samples are given on page 73.

Character and quality of-the coal.—The coal from this mine is pitch
black, and has a black streak and a vitreous luster. It is massive
and dense, and has a hackly fracture. It is very much broken in
the bed and crumbles readily in the hand. Owing to its good coking
qualities, nearly the entire output is coked in the ovens at the mine.
A small amount, however, is sold occasionally for blacksmithing coal,
for which purpose it-is considered one of the best coals mined in the
State. All the Fairfax coal is low in moisture and does not slack
when exposed to the air, but that from bed No. 7 contains so large
an amount of ash that, unless it can be thoroughly removed by
washing, the coal will be of little value in the manufacture of coke.
The coal from the blacksmith bed and from bed No. 3, however, have
heating values riearly as high as any coal in the State. These coals
are considered. to be very good bituminous coal.
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MONTEZUMA.

" Montezuma, a number of drifts about 1 mile south of Fairfax, near
the Northern Pacific Railway. No.73. . ' '

Operator: Evans Creek Coal & Coke Co., Seattle, Wash.

Kind of coal: Semibituminous (coking). ] .

Coal beds.—The four coal beds exposed in this mine are numbered
in descending order. No. 1 is not being worked at the present time.
All the beds are very thin, and if it were not for the steepness of the
dip it would be very difficult to mine them. The beds strike nearly
porth and south and dip from 65° to 70° W. Most of the beds are
fairly regular where they are not offset by faults. In a few places
beneath some of the beds occur small lenses of coal, which can be
mined with the rest of the bed. The following sections were measured
where the samples were taken:

Sections cf coal beds in Montezuma mines.

No. 9602, bed No. 1. v " No. 9603, bed No. 2.
Shale. Ft. in. | Sandstone. Ft. in,
Shale, soft...................... . 3% | Shale, hard, with streaks of coal.. 7
*Coal. o o - 9% | Shale, soft, carbonaceous. ....... 2
* Shale, hard.................. -3 *Coal. ... ... ... 1 4
*Coal. . ...l 3 2 Shale.................. 1
Clay, yellow, soft. ....... e 6 “*Coal. ...l o101
Shale. Shale, soft, carbonaceous. . 2%
5 1 *Coal. . .................... 21
No. 9605, bed No. 3. Shale. hard.
Sandstone, flinty. Ft. in. ’ ! 3 8
Shale, hard.................... 1 6" No. 9606, bed No. 4.
*Coal, bright. . ............ 1 6 |, _ Ft. .
*Coal, crushed............ 1 Shale, ‘carbonaceous............ 5
*Coal, slightly bony........ 31 *Coal, small ‘‘niggerhead”
Shale........ e "3 near center (local). . .... 1 11
Coal and bone. ... ... .. 1+ *Coal, slightly bony........ 83
Sandstone. Shale.............ooooeie 1
5 T+ Coal . ... ... ... ... 4
8 3

Preparation for market.—Coal from beds Nos. 3 and 4 is washed
and stored apart from the coal from bed No. 2.  All coal is passed
over a shaking screen having 13-inch perforations, from which the
oversize is picked and used as domestic and steam coal, and the
undersize washed through feldspar jigs and flumed to a bunker at:
-the railroad track, where most of it is used in the manufacture of
coke. A small percentage of the washed coal is sold for blacksmith-
ing coal. ' ‘

Samples for analysis.—Sample 9602 was taken from bed No. 1 at
the entrance to chute 4, on the north water level. At this place the
bed contains one shale parting which can be removed in actual
mining, and this parting was not included in the sample. The bed is
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overlain by soft shale and underlain by soft clay, both of which mix
with the coal in mining and must be separated at the bunkers.
Sample 9603 was taken from bed No. 2, 5 feet above the first counter
in chute 36. The bed contains two layers of shale, which can be
removed without much difficulty and which were not included in the
sample. It is overlain by bony coal and soft carbonaceous shale that
mixes -with the coal and must be separated from it at the bunkers.
Sample 9604 was made up from 165 pounds of coal from bed No. 2
collected in small quantities at random from the bunker at the rail-
road track. It was thoroughly mixed and quartered and reduced
until about 25 pounds was obtained; this was then ground to the
size of a pea and mixed, quartered, and reduced until the final
~ sample of about 4 pounds was procured. Sample 9605 was taken
from bed No. 3 about 5 feet above the gangway in chute 11. This
bed contains a layer of slightly bony coal near the bottom which
can not be separated, and the entire layer was included in the sample.
The main bed at this place is separated by a parting of shale from a
lower bench of coal and bone, which is mined in part of the workings.
Sample 9606 was taken from bed No. 4 just above the second counter
on chute 6, at which place the bed is underlain by a local pocket of
coal about 4 feet thick, an enlargement of a layer normally about
6 inches thick. The pocket coal was not included in the sample.
Sample 9613 represents about 140 pounds of washed: coal collected
in small quantities at- random from the surface of a bunker in which
the coal from beds No. 3 and No. 4 is stored. The sample was pre-
pared for the laboratory in the same manner as sample 9604. Analy-
ses of these samples are given on pages 73-74. ’

Character and quality of the.coal.—The. coal from all four beds is
pitch black, gives a black streak, and has a vitreous luster. It is
massive and dense, and breaks with a hackly fracture. Because of
its minute jointing it produces a very small amount of lump. It
contains a very small percentage of moisture and does not weather
when exposed to the sun. Bed No. 2 contains more ash than the
other beds, and the amount of ash in the washed sample shows that
this can be removed only with difficulty. The coal is considered a
good coking coal and is used to a large extent as blacksmithing coal.
Bed No. 3 is considered to be the best blacksmithing coal in the mine,
and is reported to equal any blacksmithing coal in the State. The
coal has a fairly high heating value and should be classed as a good
grade of bituminous-coal. -

' MASHEL,

Mashel, a tunnel mine located at Ashford, on the Tacoma Eastern
Railroad. No. 74.

Operator: Western Steel Corporation, Seattle, Wash.

Kind of coal: Bituminous (coking).
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Coal bed.—One coal bed is worked in this mine at the end of a long
rock tunnel, which was drivea to intercept the lower part of a bed
known to outcrop along the crest of the ridge north of Ashford. The

bed strikes N. 5° W. and dips about 38° E.; it is disturbed by a fault . .

and the workings have not reached its normal position. The follow-
ing section was taken at the end of the gangway about 4,400 feet
from the entrance to the mine: '

Section of coal bed in Mashel mine.

Shale, crushed. ) Ft. in.
*Coal (sample 9885) . . ... ....... S R 9%
Shale, black. . .. ..o it 5
*Coal (sample 9885) . .. . .. 7
" *Coal, bony (sample 9885)..... e 2%
*Coal (sample 9885).. .. ... ..l -1 3
o Shale. ...l 3
*Coal, with few irregular layers of shale and bone (sample
L 5 1
Bone. o
15 6}

Samples for analysis.—Sample 9885 was taken from the upper
bench of the bed, which contains one parting of black shale that can
be removed by careful picking and washing and was not included in
the sample, and a layer of bony coal that can not be easily separated
and was included in the sample. The bed was overlain at this place
by shale so badly crushed that several feet break during mining and
mix with the coal. Sample 9884 was taken from the lower bench of
the bed, which is separated from the upper bench by about 3 inches
of bony shale that can be separated from the coal. The analyses of
these samples are given on page 74. ‘

Character and quality of the coal.—The coal is pitch black, has a
brown streak, and a vitreous luster. It is massive, and, in some parts
of the bed, slightly banded. Most of the coal breaks with an irregular

“bright fracture. Although it contains a percentage of ash so high
that the heating value of these two samples was greatly reduced, this
impurity may possibly be removed by very careful and refined
methods of washing. The coal appears to be a very good bituminous
coal, and if a large percentage of the ash could be removedit would
make good coke. ’

PROSPECT EAST OF ASHFORD.

An open cut in the SW. § sec. 20, T. 15 N., R. 7 E., about 7 miles
east of Ashford, Wash.

Kind of coal: Semibituminous.

Coal beds.—The coal bed strikes N. 73° W. and dips 15° SW.
The section measured by J. B. Umpleby is as follows:
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Section of coal bed in SW. } sec. 20, T. 15 N., R. 7 E.

. No. 6486. )
Shale. ' Ft. in.
Bl 077 Pt 6
Parting. . ... i 2
*00al. e 8
Parting. ...l il 1
(07 Y PRt 4
Parting. ... 10
B0 1 9
Shale. .. o v e 2 6

6 10

Sample for analysis.—Sample 6486 was taken by J. B. Umpleby
in 1908 from the place where he measured the section given above.
All the partings were separated from the sample, the analysis of
which is given on page 74.

Character and quality of the coal.—The physical propertles of the
coal are not known by the writer. The ratio of volatile matter to
fixed carbon, however, is higher than in any coal commerc1ally de-
veloped in the State, and the amount of ash in the coal is so high as

-to reduce its heating value to that of a low-grade coal.

- SKAGIT COUNTY.

- Numerous coal prospects and several old mines occur in the vicinity
of Cokedale and Hamilton, in Skagit County, but none are being
developed commercially. at the present time. Owing to the fact that
funds for the investigation were limited, the writer was unable to
visit this region to obtain samples.. Two samples of the Fairhaven
coal from Cokedale (No. 80) were analyzed by the Bureau of Equip-
ment ' of the Navy Department at Washington, D. C., and these
analyses are given on page 76 of this report. Although the coal is
reported to be a good cooking and steaming coal, the Cokedale mine
has not been in operation for several years. Gas occurs in some of
the beds and makes mining very dangerous.

* THURSTON COUNTY.

The coals of Thurston- County are either subbituminous or on the
border between subbituminous and: lignite. All the mines worked at
present are in the southern part of the county, between Tenino and |
Centralia. The relief of the region is low, and the outcrops are ob-
scured by gravel, soil, and dense undergrowth. The geology of the
coal-bearing beds has not been worked out, and their extent and

1 Reports of the efficiency of various coals, 1896-1808, sections relating to coal from the annual reports of
the Chief of the Bureau, 1902-3, and recent chemical analyses of cozl at the navy yard, Washington,D.C,,
1906, pp. 97 and 98.

91320°—Bull. 474—11——13
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relations to each other are not known. Dips of the beds at all the
‘mines in this county visited by the writer are very low. The samples
~were collected during July and September, 1909, and February, 1910.

HANNAFORD NO. 1. -

Hannaford No. 1, a slope mine at Tono, Wash., on a spur of the
Oregon-Washington Railroad and Navigation Co., off the main line
near Centralia. No. 75."

Operator: Washington Union Coal Co., Centralia, Wash.

Kind of coal: Subbituminous.

Coal bed.—Only one of the several coal beds exposed is mined at
the present time. The bed is nearly horizontal, dipping only 4° NE.
A slope has been driven about 1,500 feet in the lower portion of the
bed, and two levels have been run to the north and three to the south.
The mine has thus far been worked almost entirely in the lower
bench of the bed, but the upper bench has been taken down in one
or two rooms on the second level south and the company intends
eventually to mine the entire upper bench. The following sections
were measured at the places where the samples were taken:

Sections of coal bed in. Hannaford No. 1. mine.

Nos. 9089 and 957.3, upper bench. . No. 9095, lower bench. .
Shale. Ft. in. Shal:éoél o
(O F U S T
Shal C(_)al... 1 Shale, clayey.............. 1
N *Coal..cooiieenii i 1 9
4 6 *Clay, irregular layer........ |
: *Coal..ooeiiiiiieieiaaao. 3 23
No. 9094, lower bench.” )
Sha:le. - Ft. in. . : 6 5
#Coal...oooceeeeeea..... 1 3 ] : '
S 3 No. 9096, lower bench, -
) *003.1.............',....4.,.. 1 8% Shale. .o ) 1.‘
*Clay..:....' """""""" - B3 *Coaliwvoveeeriiieeiniaail. 1 2%
Coal... 9% Shale, brown............... 1 .
_*Shale, brown.......co...... 1}‘ o) . 1 114
*Coal...oooniiii 18 Shale; carbonaceous..-. . ... 3
. *Shale...........o. : Pl *Coal.. ... T3
*Ooalweveuniiiiiiiinins 3% *Shale...ooeenneeeinna... 3
o : C#Coali. i 1 93
5 1 Shale..................... 3
' *Coal..oocverannnn.. eeann 4
6 6%

Preparation for market.—The coal from this mine is shipped as
run-of-mine, and no attempt is made to separate the shale unless it -
parts readily from the coal in the mine or is of greater thickness than
at any point from which the samples were taken. The entire output,
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aside from the coal consumed at the mine and in the company town,
is used for steam coal by the Oregon-Washington Railroad & Navi--
gation Co. and its connections.

. Samples for analysis.—Samples 9089 and 9573 were taken from the
upper bench, about 150 feet up the slope, in room No. 7 of the second
level south. The 1-inch shale at the bottom of the bed forms a part--
ing between this bench and the lower bench, which is the one worked
in other parts of the mine. Sample 9095 was taken 200 feet from
the gangway in room No. 12, on the first level south. The upper
parting of this bench, which is the more regular, can be separated by
picking, and was not included in the sample. Sample 9094 was col-.
lected at the entrance of room No. 12, on the first level north. The
_coal was slightly moist, owing to seepage from the overlying rocks,
and was sealed in the can before it had a chance to dry; the analysis
of this sample should therefore show a slightly higher percentage of
moisture than the analysis of a sample in a normal condition. The
bench at this place contains four partings, of which most of the upper
two and part of the lower two can be separated from the coal by
careful picking. In order to obtain a representative amount of ash,
only the lower two partings were included in the sample. Sample
9096 was taken at the entrance to room No. 8, on the second level
north, at which place the bed contains four distinct partings. In
order to obtain a representative amount of ash in the sample, the
third parting from the top was included. Analysis No. 8752 was
made from a mixture of samples of run-of-mine coal from the lower
bench of Hannaford No. 1 mine, taken at Pittsburg from two cars
which had been on the road from three to five weeks. The analyses

of these samples are given on pages 74-75. '

Character and quality of the coal.—The coal is black in color and has
a reddish-brown streak. It has a slightly banded structure and
breaks with a conchoidal fracture. Because of its high moisture con-
tent, the coal weathers very readily when exposed to the sun, but it
will stand transportation for some distance when shipped in closed
cars. It should be classed as subbituminous coal.

Samples 9089 and 9057 were taken from the same place in the
mine, but there is a very notable difference in the heating value and
the amount of moisture of the air-dried samples. Sample 9089 was
taken-on July 21, when the coal was being mined from the upper
bench in this room, and was exposed for a few hours during trans-
portation to the office, but it was sealed immediately thereafter and
was forwarded to the laboratory in an air-tight can. Sample 9573
was taken by removing the surface coal and cutting a fresh channel
at the side of the old channel from which No. 9089 was taken. Pre-
vious to the time when it was obtained, September 29, it had been
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exposed to the mine atmosphere for about nine weeks. A comparison
of the amount of moisture in these two samples as received and in
samples as received from the other parts of the mine indicates that
only a little moisture evaporated from either sample 9089 or sample
9573 during exposure to the atmosphere. The moisture in these two
coals, as shown in the samples as received and in the same samples
air dried, indicates that, although the total amount of moisture was
the same, its relation to the coal had been changed so that it could
not be dnven off at the ordinary temperature used in the regular -
method of air drying. .
PERTH.

Perth, a slope mine about 3 milés north of Centralia, on a logging
road. No. 76. '

Operator: Perth Coal Mining Co., Centralia, Wash.

Kind of coal: Subbituminous.

- Coal bed.—Although several coal beds are exposed at thls mine,
the bed now being worked is the only one from which a sample could
be obtained. This bed strikes N. 35° W. and dips 20° SW. The
section was measured at a point 120 feet north from the foot of the
slope and 40 feet up the rise from the first level gangway.

Section of coal bed in Perth mine.

 No. 9178,
Shale, compact, slate colored. Ft.- in.
{07 Y AP 10
Clay, yellow ............................................ 33
077 1 33
Clay, yellow. ... . 3
008l i 7
Clay, yellow ............................................ 5
L0707 2 8%

Shale, black, sandy. :
54

Preparat@'on for market.—Shale from the roof is separated from the
coal in the mine, and the coal is screened and picked by hand at the
tipple.

- Sample for analysis—Sample 9178 was taken Where the section
given above was measured.

Three partings of yellow clay, all of cons1derable thlckness occur
in the bed and must be separated in mining. When exposed to the
air for a short time they swell to about one and one-fourth times their
- original thickness and become very soft and spongy. All three part-
ings were excluded from the sample. The roof is of compact shale,
which breaks off in large irregular slabs and mixes with the coal.
The analysis of the sample is given on page 75. .
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Character and quality of the coal.—The coal is brownish-black and
. has a reddish-brown streak; it is massive and banded, and breaks
with a conchoidal fracture. Owing to'its high moisture content, which
causes it to slack readily when exposed to the air, this coal should
be classed as low-grade subbituminous coal.

BLACK BEAR.

Black Bear, a slope mine about 2 miles southeast of Tenino, on a
spur of the Northern Pacific Railway. No. 77.

Operator: Tenino Coal & Iron Co., Tenino, Wash.

Kind of coal: Subbituminous.

Coal bed.—The coal bed from which the sample was taken was
exposed in an abandoned mine east of the present slope. It was.
taken about 30 feet'up the first room on the first level west of a
slope sunk about 150 feet from the portal of the old gangway. The
face from which the coal was obtained had been exposed to the
weather for several years. The section measured is as follows:

Section of coal bed in Black Bear mine.

. No. 9939, ~ .
Shale. ) Ft. in.
Shale, carbonaceous......... .. .. ... il 3%
B0 21
Shale, spongy, varies from 1 to 24 inches................... 1
*C0al. e 8%
Shale, 8pOngY. ..o i 2 .
F00al . .o e 5
Shale. ..o i %
H00Al. e 2 5
Shale. _
6 2%

Preparation for market—The coal from this mine is prepared for
market by screening and hand picking.

Sample for analysis.—Sample 9939 was taken where the section
given above was measured. All three shale partings can be separated
from the coal and were. therefore not included in the sample. The
sample was taken from the old workings, because a fault had been

~encountered in the new slope. The section of the bed exposed there
~was not typical. The analysis of this sample is given on page 75.

Character and quality of the coal.—The coal is brownish black and
has a reddish-brown streak. It is massive and laminated and breaks
with a conchoidal fracture. It contains a high percentage of mois-
ture, and weathers on exposure to the air; probably 4 or 5 per cent
of moisture had been removed from the coal by the circulation of
mine air at the time it was taken, for it appeared to be slightly weath-
ered. Like sample 9573, taken at the Hannaford mine, the condition
of the moisture contained in the coal had apparently been modified
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in such a way that it could not be driven off by the usual method of
air drying. This coal should probably be classed as low—grade sub-
bituminous.

KING (GREAT WESTERN)..

King, or Great Western, slope mine, 3 miles southwest of Tenino,
on a branch of the N orthern Pacific Railway. No. 78.

‘Operator: King Coal Co., Tenino, Wash. :

Kind of coal: Subbltummous

Coal bed.—The coal bed lies very nearly horizontal. At the
entrance to the main gangway it dips very slightly (1° to 2°) to the .
east, while at the far end of the gangway the bed has about the same
_ dip in the opposite direction, so that the gangway passes through a
syncline near the center of the workings. The bed is thin, and is
subjected to considerable pressure, so that a great deal of rock work
is necessary in the gangways to keep them open. The following sec-
tion was measured at the place where the sample was taken: :

Section of coal bed in King mine.

: . No. 9987.

Sandstone, white. . ‘ Ft. In.
Shale, hard. .. .. ... i 2%

077 7
Shale, with irregular lensesof coal. ..................... 33

77 4

Shale........oiiiiiiii i e 1

*O0al . . e 1 6

Shale, brown . ..... .. . .. 1

*Coal . ...l i 1 1

. Clay, yellow, soft.......... ... ... e 4

- Shale.

Preparation for market.—Impurities are for the most part removed -
at the bunker, where the coal is picked and washed.

Sample for analysis.—Sample 9987 was taken in room 10, about
100 feet up the rise from the twenty-fifth level north. Several part-
ings of shale which occur in the bed may be separated from the coal
by careful picking and washing, and they were, therefore, excluded
from the sample. The analysis of the sample is given on page 75.

Character and quality of the coal.—The coal is brownish-black, and
has a reddish-brown streak. It is massive and banded, and breaks
with a conchoidal fracture. Owing to its high percentage of moisture,-
it slacks on exposure to the air, although not so readily as.some of the
other coals from the same region. Minute lenses of pyrite are prob-
ably responsible for a percentage of sulphur somewhat higher than
that of other coals of this locality. The coal should be classed as
low-grade subbituminous.
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. WHATCOM COUNTY.

The coals of Whateom County have been mined in the vicinity of
Lake Whatcom for many years. The only mine of commercial
importance operating at the present time is the Blue Canyon mine
(No. 79) at Park, near the shore of Lake Whatcom, which was not
visited by the writer on account of the limited appropriation. The
coal from this mine has been analyzed by the Bureau of Equipment
of the Navy Department at Washington, D. C., and is given on page
76 of this report. It has a fixed carbon content equal to that of any
of the high grade bituminous coals of the State, and a small amount
of ash and moisture. Unless it is too badly jointed, the coal should
hold up well in transportatmn to market.
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