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CHAPTER I. 

I 1TRODUC'l''ION. 

GENERAL STATEMENT. 

Until recently the coal fields of southwestern Washing­
ton have been of interest becanse o_f the ease with which the 
local demands for industrial and household fuel cot1ld be met, 
rather than £or the volwne of production. 

In addition to the increased demand for local coals, the 
recent advances in the development of processes of coal prep­
a1·ation which make use of subbituminous and lignite coals 
have stimnlated the coal mining industry in this area and em­
phasized the need of more accmate data on the character o.f 
the coal i:;eams and the extent of the field. 

The earlier geologic work on these coal fields involved the 
careful measurement and desc1·iption of known seams with 
but little attempt to determine the areal or structUTal features. 
A bibliography of the literature on the geology of tJ1is area 
so far as it has come to the attention of the writer is added in 
the appendix. 

'l'he aim of the present study was to collect and correlate 
as far as possible the available data from all sources, to verify 
and supplement them by field work, and thus to make readily 
accessible whatever facts might be of value in commercial or 
scientific fields. 

L\ base was compiled from the original land survey plats, 
the soil maps, and the topographic sheet of the Chehalis 
quadrangle. Mines, prospects, and exposures were tied in to 
section corne1·i:; as far as possible by pace and compass tra­
verses, and plotted on tl1e base. The field work comprised a 
hasty survey of the various districts with practically 110 de­
tailed study. In general only the known or easily accessible 
exposures were examined, the requirements being to obtain 
data sufficient for a general classification map over a i-ela­
tively large area. 

With few exceptions the mines which were in operation 
wbile the field work was in progress were visited, the searns 
measured and sampled for analysis and the methods of mining 
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noted. The discussion of this last named featul'e, however, 
has been made as brief as possible since the methods followed 
in this district are quite similar to those in use in other dis. 
tricts of the state. For detailed description of these the reader 
is r eferred to BuJletins 3, 9 and 10 of the Washington Geolog. 
ical Survey publications. A number of small operators are 
represented in the £ield and individual practice in mining and 
preparation of the coal vary somewhat in details. 'l'he factors 
of greater thickness of seams, relative simplicity of structure 
of the coal-bearing strata, and physical character of the coal 
make the mining problems simpler in this field than else· 
where in the state. 

Naturally a difficult area to study because the extensive 
allnviaJ deposits and the vigorous vegetation combine to hide 
the rocks most effectually, the lack of accm·ate locations has 
made the structural interpretations doubly hard. While plant 
and animal remains are £airly common, their character is such 
as to render them of mt1e value as horizon markers. 'l'he lack 
of detailed study over large a1:eas makes it impossible to verify 
any but tlte major featw·es of either structw·e or stratigraphy, 
so that futlU'e study will doubtless show some areas now­
classed as igneous to be sedimentary, and vice versa. 

GEOGRAPHY. 

The region trnder consideration iucludes the south cen­
tral por tion of Thurston County, most of Lewis County and a 
sfrip tlu-ough Cowlitz County, along the Cowlitz River to the 
Columbia. (See Figu!'e 1) . 

'!'his area may be roughly described as compri.sing two 
adjoinjng rectangles; t11e western, 55 miles north and south 
by about 40 miles east and west; the eastern, 20 miles north 
and south by 30 miles east and west. 'l'he first contains most 
of Townships 8 to 16 Nor th, in Ranges 5 West to 2 East; the 
second includes Townships 12 to 15 North in Ranges 3 to 7 
East, Willamette Meridian. Fartl1er to the east and entirely 
separated from the area above described lie two small fields 
which do not appear on the general reconnaissance map, Plate 
I, but are mapped as Plate XXIll. 

The eastern portion of the area is served by the Tacoma 
Eastern Railway- (Chicago, Milwaukee & St. Paul Railroad) 
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with terminus at Morton, on the edge of the fertile bo~tom 
lauds of the upper Cowlitz Valley. The more thickly settled 
western portion is traversed by the Northern Pacific, 
Great Nortl1ern, Oregon-Washington Railroad & Navigation 
Company and the Chicago, Milwaukee & St. Paul lines. 
Of the man~· towns in this part 0£ the area, Centralia is the 
largest, while Chehalis, the county seat of Lewis County, 
KeL<so, and Castle Rock are important centers. The growing 
demands of these places and of neighboring cities have been 
an important £actor in the development of the coal mini!}g 
industry in southwestern Washington. 

C 
3 

e 

1 Svper,orl\6Z KJE-;C,.,,..,,f 
2 Sheldon // Howell 
" Fords Pro,no IZ Leonord 
4-Honnot"crd M>I 13 O,.,.,o'e 
s /'1enc:lct'o IS L.,ncoln 
ts F'ree&l(/r/'1 

781.1coo'o 

Fro. 1. Map showing the location or coal mines recently In operation in 
southwestern Washington. 
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tion of the manuscript the writer is indebted to his colleagues, 
Char les E . Weaver, Associate Professor of Geology, ancl Mor­
ris M. Leighton, Assistant P1·ofessor of Geology, at the Uni­
versity of Washington. 

To the mining men throughout the field the writer wishes 
to express his appreciation for unfailing courtesy antl a.ble 
assistance. 

TOPOGRAPHY AND DRAINAGE. 

The area examined in this sm·vey extends from the foot­
hills of the Cascade Mountains on the east to the western edge 
of the Cowlitz Valley and exhibits several topographic types. 

The major topographic element of the eastern portion is 
a rugged spur of the Cascades extending southwesterly from 
Mt. Rainier, with the valleys of the Nisqually ancl Co"·Jitz 
rivers to the north and south respectively. (See Plate Il) . 
Tbe rock masses have been deeply dissected; steep slopes are 
characteristic and all but tl1e majo1· streams have excessi'7e 
gradients. Maximum elevations in this portiou are above 
4,000 feet. Followed westward through the Rainiel' National 
Forest, tl1 is spur shows less relief, a more mature topography 
appearing. Practically all the suxface is forested so that ex­
posures of bed rock are infrequent. (See Plate Ill) . 
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Pl10Lograph oC a r~llef model of western \.Vaahlngton, made by the Burgle Reller Map Eslahllshment, Rochester, N. Y., showing the 
reJoUon ot the field surveyed lo U1e surrounding area. Scale about 23 miles to the Inch. 
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'l'he streams are in well developed channels and common­
ly have built flats or benches of limited extent. These for 
the most part are fertile and cultivated. In the western por­
tion 0£ the area under discussion the many tributaries merge, 
their low divides giving place to the alluvial flats of major 
streams. 'L'he bottom lands are limited in extent, rarely more 
than thr ee miles wide, and frequently interrupted by lo,,· 
ridges or knobs. 

Southward through Cowlitz County t llis last mentioned 
type of topography prevails although the low ridge-like hills 
are of more frequent occmrence, the intervening flats grading 
into the b1·oader flood plain of the Columbia River. 

1'h1t part of Thmston County included in this report 
shows a marked modification of the lowland topography 
through the action of glacial agencies. The relief and irregu­
larities of surface normally developed l.i.v ,,,eathering and 
st1·eam erosion are all but obliterated by the heavy filling of 
drift over an ar ea of some two hundred square miles in the 
northern portion of the field. At the extreme northwest cor­
ner of the field studied, in the vicinity of Bordeaux, the dri.ft 
boundary is marked by the matmely eroded basalt elevation 
known as the Black Hills, which are about 1,500 feet hig h. At 
the western edge of th.e area examined the lowlands are re­
placed by the Willapa Hills, comprising basalt 1·idges ·with 
intervening valleys largely underlain by Tertiary sediments. 

The dl'ainage of this region is well developed for the most 
part, the few 1utdrained areas being of very limited extent. 
The Puget Sound, Grays Harbor and Columbia River water­
sheds are separated by divides which in part traverse this 
area, meeting near the westem boundary of the Rainier Na­
tional Forest. 

'£be Deschutes and Nisqually rivers drain the north.eastern 
portion of the area into Puget Sound. 'l'hat part of the Co­
lumbia watershed ly ing within the area is drained by the 
Cowlitz River and its tributaries, the Cispus, 'l'iltoJ1, 'l'outle, 
and Coweman. 'l'he Chehalis River with its tributaries, the 
Black, Skookumchuck and Newauknm, carries the waters of 
the central and western portion of the at·ea to Grays Harbor. 
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Views showing typkaJ vegetal ,•overing In southwesll'rn 'l\"ashlngt,rn. An Important ractor In geoloiocru lleld work In this region 
IA the hetl\') forest CO\'erlng whlch e!Tectually com•eals the underl)•lng rocks over large nrt'R& 



16 Hulletvn No. 19, TV ashington Geolo.c;ical Bnr,vey 

HISTORY OF MINING IN SOUTHWESTERN WASHINGTON. 

The earliest recorded coal discovery in this field was in 
1833 by Dr. 'rolmie, an Englishman in the employ of the Hud­
son Bay Company, who examined coal prospects in the Cow­
litz and 'routle rivers near their junction. In his dailr jour­
nals Tolmie repot'ted his observations on the coal seams an,l 
associated rocks, taking structure data as follows: In the 
ffrst "coal mine" (located probably in tl1e south half or 
Sec. 34, T. 10 N., R. 2 W.) the "direction of the strata to the 
Pole was N. 70° W., dipping a bout 20° . The channel £or 500 
yards below and 200 yards above was rocky." The next loca-

tion (pr•obably a mile OP so up the Toutle) showed similar lig· 
nitic strata trending northeast-southwest, dipping about 25°. 
TJ1ese were covered by layers o_f reddish sandy cla~· "similar 
to tl1ose of the Cowlitz." The second "coal mine" was prob­
ably located about section 16 of t11e same township, and here he 
found a "layer of carboligenous matter 3 or -:l feet thick, lam­
inated and very friable," at the base of a cliff o.f gravels 200 
feet high. The nex.t recorded location was in the same paTt 
of the area, in 1848. '!'here is no record of the coal in any of 
these locations l1aving actually been mined. Later, in 1855, 
coal was discovered in the valley of the Skookumcbuck River 
near the town of Seatco, now called Bucoda, but it was not 
until the seventies, a quarter of a century later, that a com­
pany was organized to exploit the pt·operty. Convict labor 
from the state penitentiary located at Seatco was utilized and 
10,000 tons of coal were mined before the removal of the -peni­
tentiary to Walla Walla led to the abandonment of the enter­
prise some ~-ears later. 

Beginujng about 1890 extensive prospecting was carried 
on in all parts of the field. It was found that the al'ea under­
lain by coal was much more extensive than had been r ealized . 
In a decade coal had been found and claims located over a 
large area from neat· the headwaters of the Cowlitz River on 
the .east to the upper Satsop in the northwest and the Columbia 
on the soutl'l. Many of tht!Se prospects became the scene of 
active exploratory work but the only producing p1·operties 
were those whose location afforded rail transpot·tation or a 
local market. The 1·eports of tb.e coal mine inspector 0£ th is 
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time show the organization of companies lo operate mines 
nca1· Bucoda, Centralia, Chehalis, Castle Rock and othf'r towns 
of this region. 

An examination of the coal areas emphasizes t!J.e large 
number of such enterprises starterl and the extent of the <'X­

plorator.,· work. Certainly much capital and honest endeavor 
went jnto the attempts at development that were made. With 
relatively few exceptions, however, these companies were fol'e­
doomed to loss or failtu·e through the lack of ade<1uate scien­
ti.f.ic clj rec ti on for the work. 'l'Ju·oughout most of the area 
rock c·q)O:mres are so infrequent tliat only by extensive study 
can the unde1:grouud structure be learned. The lack of sim­
ilarity between this and any other coal areas had aided in 
making the ta<ik of exploration one of baffling cliif-icu]ties. 
Doubtless, also, the large number of the coal beds and the 
Ii igh content of carbonaceo1.1s matter tlu·oughout the Puget 
series. together with tl1e localized character of the deµositiou 
of these rocks, has been the cause of much of the unfortunate 
waste in the exploratory work. 

Iu some cases a stud~· of structiu·al relations as revealed 
in the attitude and areal distribution of the different rocks 
shot1Jd have made manifest the improbability of profitable ex­
ploitation. Tn otlier cases, careful preliminary tests would 
have shown that certain of the coals were not of sufficiently 
high gl·ade to make their exploitation of valtte. Again, an under­
standing 0£ the fundamental processes of coal formation 
would have preveuted some hopeless e~l)loration for coal that 
never existed. 'l'hus the earl.v history of the coal mining in­
dustry in tlui;; section is chiefly a record of earnest but hap­
hazard p1·ospecting followed by m1scientilic attempts at cle­
velopment. 

As has been indicated, 1.he1·e is great di£ficnlty in getting 
in£ormat ion in regard to most of the mining operations of for­
mer years. The older gr.ologic reports contain some data, the 
coal mine inspector's reports have some, much can be gained 
from the mining men themselves, but a great deal is Locked ·up 
in the pits, h10nels, and . hafts, whose rotting timbers prohibit 
re-examina tiou. 



CHAPTER II. 

GENERAL GEOLOGY. 

GENERAL STATEMENT. 

Rocks of diverse character are found in the area covered 
in this report, all three of the great rock groups, igneous, sedi­
mentary and metamorphic being represented, but in relations 
not yet well understood. The igneous rocks comprise various 
types of breccias, tuffs, andesites, and basalts. 'rhe last two 
are of most frequent occurrence and in tbe field were not 
usually distinguished. Consequently, unless otherwise stated, 
the term basalt is used in this report in its field sense, cover­

ing all types of dark, igneous rocks of dense or porphyritic 
texture. 

'l'he sedimentaries include conglomerates, sandstones, 
shales, and dolomitic limestones. The conglomerates are of 
rare occuTrence, local in distribution, and are probably in part 
stream-laid. The limestones were found in but two localities 
and have very limited areal extent. 'fhe sandstones and 
shales are abundant, occur in thick series and are of marine, 
estuarine, and in some instances possibly of fresh-water 
origin. fo general they are composed of material poorly as­
sor ted both as to size and mineral constituents, but exhibit 
variations between arkosic sands and pID"e shales. 

'rhe metamorphic rocks have limited areal extent a.ud in­
clude some rocks of possibly sedimentary origin :in wbi~h the 
crystallization is so promfoent as to exclude them from the 
sedimentary class. They are provisionally regarded as con­
glomerates and graywackes, somewhat metamorphosed. It is 
probable that the limestones mentioned above should be placed 
with these rocks stratigraphfoalJy. 

'l'Lte determination of the position of these strata in the 
geologic colunm depends upon their correlation with rocks in 
adjoining areas, to the north and west and east. This corre­
lation is based in part upon the fossil content of certain of 
the beds and in part upon similarity in lithology and struc­
ture. Because of the Jjmited data available in these lines at 
the present tbe age determination must be regarded a~ tenta­
tive. 
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TYPICAL I!JXPOSUJU'oJS OF IGNEOUS ROCKS. 

A. H1u,all dike lntl'uded Into sanclslcme. Newoukum River. 'l'he greater realslnnce or the hmeous rock causes it lo proJect 
alJovP the sediments In the strt>nm 1:h:.tnneJ. 

B. Colucnnu,· structure In II basal t flow. Meskill ([URrry. The columns radiate Crom tl point near the original outer surface 
or the mass. 

C. A itorge-Uke rorlion or U1e Cowlitz channel wh!"re U1e river Is cutting throt1gh an Intrusive andeslte. Near Mayfield. 
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IGNEOUS ROCKS. 

Throughout most 0£ the field, in fact in all parts except 
in a 11ai'l'OW strip from Vader northward to Tenino, igneous 
rocks are fotmd to underlie relatively large areas. In rar,J 
instances carbonaceous beds, and .indeed coal seams, are found 
in the midst of igneous masses, but in the main the presence of 
igneous rocks precludes the possibility of finding workable 
coal semns. In mapp.ing the igneous areas, the location of the 
boundaries has been for the most part only approximate. 
Without doubt sedimentary strata will be found within the 
areas mapped as igneous, but it is believed that the sediments 
so found are not associated with coal seams of value. 

Both intrusive and extrusive types of igneous rocks are 
£ound. In the western portion of the field most of the igneous 
masses are of relatively small dimensions and because of the 
deformation in wh.ich they have been involved the area cov­
ered by any one mass is not large. As a result exposures fre­
quently show small masses or both igneous and sedimentary 
rocks. In many cases the former are evidently interbedded 
flows, in others undoubtedly dikes, (See Plate IV), but in 
the majority of cases conclusive evidence of their relations 
to the sediments l1as not been obtained. No inclication of age 
greater than that of the 'l'ertiary sediments was noted. 

East of Silver Lake, in the southeastern portion of the 
field, is an area nearly i£ not quite exclusively igneous. 'rhese 
masses are considered to be of relatively recent age. Similarly, 
east and southeast of Mineral Lake, in the northeast part of 
the field, the rocks arc in large part igneous. These consist 
of flows and intrnsives in undefined relations to the sediments. 

'rhe igneous rocks show considerable variation in charac­
ter but may be classed roughly into basaltic lavas and pyro­
clastics. 'l'be former greatly predominate, but tuffs and ag­
glomerates are common in the western part of the field, espe­
cially in the lower Cowlitz Valley. 'l'hese usually show a rough 
stratification, -which in the finer tuffs is pronounced. The 
basaltic rocks show wide variation in texture from nearly 
glassy rocks to those containing abundant welliormed crystals. 
Under the mforoscope some of these show predominant horn­
blende, others olivine, others augite, while rarely the feld­
spars are in equal amount with the mafic Jninerals. In colot· 
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A. Hlghly wealhered vesicular basal t overlain by coarse P lelsto<'ene gravels. NeaT 
·west Adna. Because o! the rough stratification assumed during lhe wealh­
erlnl{ process such basalt masses may easily be mistaken for thin-bedded 
sandstone. 

B. Shales ot the Puget series overlain by basalt Near Castle Rock. But !or the 
superior resistance of the overlying basalt thls shale series would not stand 
,tbove the general valley floor. 
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these rocks are quite uniformly dark, nearly black, but with 
a £ai11t bluish or grayish tinge. On weathering they usually 
show a change to buff or tan in early stages, but with more 
complete alteration the yellow of limonite becomes more and 
more pronounced. 

The basalt flows often show a porous structure, the 
vesicles :frequentl y being so abundant as to give the rock a 
spongy aspect. In fresh exposm·es these porous masses may 
show a filling by secondary minerals such as calcite, quartz, 
opal, xeolites, etc. In some cases of weathering these vesicular 
layers assume a peculiar bedded structure, breaking down into 
granular sand-like masses and then may easily be mistaken for 
strata of impure sandstone. Such a case is seen in a cut on 
the Chicago, Milwaukee & St. Paul Railroad, a few mile.:: 
west of West Adua. (See Plate V, A) . 

Spheroidal structure is seen infrequently in fresh ex­
posul'eS, but on weathered surfaces becomes prominent. Col­
umnar stru.cttu·e, however, is very common and some excellent 
examples of thfa interesting featm·e of basaltic rocks are 
fou.ud. The columns are usually straight but occasionally, in 
masses which have cooled unevenJy, the joint planes converge 
toward a point which is near the original outer surface of 
the mass. Fine examples of this are seen in the vicinity of 
Meskill. (See Plate IV B and Plate Y B) . Columns are usu­
ally about two or tln·ee feet in diameter and 20 to 30 feet 
loug. 'l'l10se in the augite andesite of the Skookwnchuck in 
Sec. 14, 'l'. 15 N., R. 1 E., are several times as lal'ge. 

NEWAUKUM SERIES 
{Pre-Puget in Age). 

'l'he oldest rocks found in the area are those in the north­
eastern part, typically exposed in the clrnnnel of the Jorth 
Fodt o.f the Newaukum River in Sec. 19, ·r. 14 N., R. 1 E. (See 
deta.il map, Plate X:VI) . Here the conglomerate base of the 
sandstone series associated with t11e coal (~ee Figure 3a), is 
trncledai11, possibly unconformably, by a breccia of red vol­
canic fragments in a dense black matrix grading into gray­
wacke below, and it, in turn, by a dense resistant conglomerate. 
The distinction between these tv,ro series is based upon the 
fact that the upper conglomerate, -which i,;; thought to belong 
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to the coa1 series, in common with those rocks, -is mal·kedly 
less well cemented than t}le rocks below, and, in addition, con­
tains pebbles of graywacke similar to lhat below. 

In other exposiu·es the rocks of 1 his older series show con­
siderable variation from the sequence and indeed from the 
lithologic cl1aracter noted above. In places the red breccia 
is absent i again, a bed of dense siliceous shale, nearly a black 
slate in character, replaces the g.raywacke. In still other 
places leases of limestone a.re intcrbedded with the graywacke­
conglomerate series. Time did not permit detailed stud~· o.f 
this formation which lies almost wl1olly outside the area of 
the coal-bearing strata. A. repo1't upon the stratigraphy and 
structtu·e of the Newaukum series will be made separal ely 
upon the completion of a mot·e detailed field and laboratory 
examination of these rocks. 

The origin 0£ the conglomerate phases of this older se­
ries constitutes a distinct problem in the s1 ratigrapnic history 
of this area. For present plll'poses, however, it is necessa,·y 
only to point out certain of the characteristics of these rocks. 
In matrix there is not even approximate uniformity; here it 
is sandy, J1ere of graywacke character, here arkosic, an.cl more 
commonly it is best described as po1·phyritic. Tl1e constituent 
pebbles are varied; pot·pbyt ies, quru·tzites, basalts, slates, gran­
ites, etc., have contributed fragments. Tl1 e degree of cementa­
tion is apparently quite uniform and the conglomerates a1·c 
dense, resistant rocks most commonly found causing £alls and 
rapids. (See Plate VI). 

St,·atigraph ically t11ese rocks a Pl~ear to be below the coal­
bearing series and distinctly above certain gtaywackes, while 
commonly there is found in close association with them the 
breccia 0£ peculiar <.:haracter noted above. 

Because of the structure of these older rocks no idea of 
their total thickness was obtained. In no exposure was a 
thickness of more than one hundred feet observed and the 
stratigraphic relation of rocks of different localities was not 
ascertained. The age of this ser:ies is not known but it is 
considered to be pre-Puget and probably pre-Tertiary. It is 
possibly to be correlated with the Peshastin formation of Smith 
and Calkins, in the Mt. Stuart and Snoqualmie areas. 
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TYPICAL EXPOSURES OF NEWAUKUM ROCKS. 

A. Re.slstant gra~,wacke here causes a narrows In lhe stream. 
B. Conglomerate phase on Newaukum River. 
C. Clnnebar creek he.re cuts through basalt which Is 1ntruslve Into the Newaukum bt·eccla. 
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For the purpose of laud classification it was not consid­
ered necessar)~ to differentiate this older series, bc11ce on the 
general reeonnaissance map it is grouped with the igneous 
rocks, thus emphasizing its non-coal character. 

PUGET SERIES. 

'l'he name Puget was given to tbe coal-bearing series of 
western Washington by White•, who placed lhese rocks in 
the lower Eoceue on the basis of their fossil content. 

'rhe rocks of this series have been found in essentially a II 
portions of the field (See Plate I ) although wide areas with­
out outct·ops are frl'quently found, more especially in the ·west­
ern part of the field. It is to be noted that the rocks of the 
Puget series in the western portion are in general less well con­
solidated and c~mented than those jn the eastern portion. 
Hence, while topographfo depressions of the Chehalis and 
lower Cowlitz Valleys may often be fairly interpreted as :treas 
underlain by the weak sediments of the Puget series, in the 
upper Cowlitz Valley this is not the case, as the igneous rocks 
frequently outcrop tu the depressions. 

A great many of the exposures of these sediments are 
maintained as outcrops by the support of associated igneous 
rocks. In general, aside from snch cases, the exposures of 
these rocks arc in excavations made in the development of 
roads, miues, etc., while occasionally slightly more resistant 
strata in the series cause cascades 01· small waterfalls (See 
Plate VII). The mfocral composition is such that. these 1·ocks 
lend themselves l'eadily to the development of soils, whicl1 
support considerable vegetation, with the result that only very 
steep hills sho,v LJare ledges. 

In a general wa.v these rocks are found in relations sug­
gesting that they repres<'nt remnants of originallr adjacent or 
possibly co1rnectecl estuaries. The wide areas mapped as Pleis­
tocene are thougllt to be w_1derlain by Puget rocks and prob­
ably also by later Tertiary strata. While in the westerL1 por­
tion these relations are rather plainly i11dicate<l, the areas of 
Puget rocks in the eastem portion 0£ the field show bnt slight 
evidence o.E connection with those of the west. The general 

•While. A. C. On Invertebrate Fos>11ls trom lhe Pacific Coasl. Bulle­
lln U. S. GeologlcnJ Survey No. 61, 1889, pp, ~9-63. 
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TYPICAL EXPOSURES OF PUGET (COAL-BEARI NG) STRATA. 

A . Road cut in massive shal es which !!how well-developed spher oidal structure due t o weathering. "\>Vest o t" Castle Rock. 
B. Falls on Sca.nti grease C.reek caused by a horizontal conglomerate layer overl ying l ess r esistant sbal es. 
C. West cace or Hercules Quarry No. 2, Tenino. 'l'he lncllnaUon or the 11trata is Indicated by t h e uncut bed near the center. 
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structure of the beds in tlie 'i\Iineral Lake ao.d Ashford areas 
certainly suggests a closer relation with the Puget series of 
Pierce County coal fields to the north. 'l'he presence of small 
isolated areas of coal-bearing strata farther east, near the 
summit of tbc Cascades, however, suggests that the greater 
amount of vulcanism and deformation within the mountainous 
area has caused the lack of apparent connection between the 
eastern and western portio11s 0£ the field. 

Snch wide variations in mineral com position, bedding, 
fossil content, etc., are shown by the Puget series that the 
examination of any one outcrop would probably give im­
pressions as to its character which would be quite unreliable 
for the ptu·poses of comparison with other outcrops. It may 
be well, nevertheless, to indicate exposures which iUustl'ate 
certain phases of the series. 

For a few miles above its junction with the West Fork 
of the Tilton River in Sec. 12, 'l' . 13 J., R.. 4 E., (See Plate 
XX) a small stream from the west cats through the series 
giving excellent exposm·es in its bed, best seen at lo,v water. 
The strata are here lying with rather steep dip, so that some 
9,000 feet measUl'ed stratigrapbicau~, may be observed. In 
the series are found coarse yellow sandstones, usually thin­
bedded; greater thicknesses of micaceons gray sandstone, in 
part massive, and in part thin-bedded; thin-bedded sandstone 
with black carbonaceous streaks throughout; and frequent 
layer.s, often lenticular, of bony or dirty coal, carbonaceous 
shale, etc. The shales are mostly black, usually quite 1·esistant 
so as to appear slaty, but in some places are soft and flaky. 
Occasional gray shales are seen, qujte uniformly thin-bedded. 
Interspersed with the above mentioned series of beds are JlU­

merous masses of igneous rock, mainly a porphyritic basalt, 
in some places showing mineralization by sulphide waters. 
'fhese masses are in part sill-like and in part dikes. There is 
no indication that they are extrusive and the slaty character 
of the shales which are found in association with these massel:! 
may be regarded as a contact effect. 'l'he more massive por­
tions of sandstone frequently show weU developed pot-holes 
Fossils are rare, but near the upper portions of the cascades 
found iu the northwest coruer of Sec. 10, T. 13 N., R. 4 E., one 
distinctly fossiliferous gray sandstone was noted. 'l'his weath-
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ers to a buff from the oxidation 0£ the iron minerals and is 
rat.her prominent in the series at this point. Near the center 
of Sec. 11, iJ1 the same to"·nsh ip, another thin stratum of 
fo. sil-bear ing sandstone was noted. 

A typical small exposm·e is that found on Oleqna Creek 
near ''ader1 just downstream from the Northern Paci.fie Rail­
road bridge, near the center of the southeast quarter of Sec. 
32, 'l'. 11 N., R. 2 W. Here are found massive to thin-bedded 
shales at base overlain bJ' coal two feet thick, then followed by 
shales with gradation to a bony layer in three feet; a peculiar 
spotted clay above ,-rith alternating slrnlr, bony and coal lay­
ers for 6 feet; the coal overlain by a massive sandstone, bluish 

gray in color and cross-bedded ou a large scale. Immediately 
above these . trata are found ma1·i11e bed. of Eocene age men­
tioned below in connection with the uudi-fferentiatccl Eocene­
Oligocenc. 

A third and still d ifferent phase of this series is shown at 
Tenino, in 1'hurston Uouuty (See Plate \ ' II C) where the 
excavations -for several stone quarries have exposed a strati­
graphic thick11ess of about 100 feet. This is a massive sand­
stone phase, almost "Wholly cross-bedded, of medium fine grain. 
lt ·is predominautl,v o.f well-rounded grains, largely quartz, ancl 
shows some muscovite mica, with occasional small pebbles 
of suh-aogular shape, part of which are of tu.ffaceous ma­
terial. Gra.,· when freshly fractured, it ,Yeathers to a clull 
buff, with development of sheeting parallel to the surface with­
out relation to the strat,i-f:icatiou. Some of the quarry expo· 
sures show a somewhat mo1·e argillaceous phase than others, 
these usually weathering to a mol'e distinct yellow because of 
the greater content of iron. 

Plaut and animal remains are not rare and although in 
most cases ouJy fragmentary material is found, some excellent 
specimens of both groups reward caref·ul coll ecting in a few 
places. The fossil content of the series as a whole is not large. 
A few becls are abundantly fossiliferous, some are sparsely so, 
and probably the .greater portion is almost wl10Ily without 
any organic remains. By far the greater part 0£ the. inverte­
brate fossils found in these beds are classed as estuarine and 
at present have little value for correlation purposes. 
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No stratigraphic measurement for this i,:eries has been 
made upon whicb a11,r reliable cs1 irnate or tlH' total thickness 
eau be basetl. Estimates based npon measurements made on 
the north-west extension of these rocks iu Piet·ce Count.,· gave 
a total thickness of between 10,000 and 15,000 fret and there 
is no reason to believe that the total tbidrness in the Lewi 
l'ow1ty area, especially in the eastern portion, is Jess 1 han 
that. Iu the western portion, however, it is probable that the 
clepositiou in Pnget time 1,rnve somewhat lesser thicknesses of 
sediments. 

EOCIDNE·OLIGOCENE (UNDIFFERENTIATED). 

Over a rather large area in the wes1 em portion of the 
field arc found exposures of sediments which differ from thl' 
P11gel strata in being of mariue origin. While containing in. 
sig11ifirant c·oal seams local ly, no workable heels have heen 
fonnd i11 these rotks. 'fher a1·e pl'ohabl,r largely Eocene i11 
a KC, in part <·ontempor,rneous with the P111?et serie ·. 1ml i11 
part later. The bon11tlarics in both the ~'ac1er ancl the focle· 
prndf'ace arcos are iHdefiuite as yet aml al> mapped (Nre 
Plate I ) inchtc1,, some Olig<H'Cllf' strata. A typical <'Xposnre 
of the marine Eucene 1·orks of this field is fountl about h-ro 
miles nol'th of tl1l' F1uo11. tat ion 11t Centralia, where the Nol'th· 
ern Pacific nailt-oad cuts across the stra1a for a tlis1am:e of a 
quarter of a mile witlt hut slight i11terruplioni,;. Witll a nt?arly 
nnifoL·m dip of 62° this ~ives a t hiclarnss exposed of a bo11 l 
1,100 fee t. Examim1tion of this sectio11 emphasizes the shal­
low.,n,ter character of th<'SC brds; the thin heddin~, poor as­
sorting, and iu1erhedding with thin scams or dirt;\· coal are 
evident. 'l'he section is appended: 

Feet. 
Very lhln·bedrled shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Coal, double seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sanclstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Clay. s pheroidally weathered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G 
Sandstone, thln,bedded, fosslliferous, with heavy concretions. ... 7 
Sandstone, cross-bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Shale and yellow sandstone, thin-becldecl . . . . . . . . . . . . . . . . . . . . . . . 17 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale, sanely . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Coal . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . . . .. . . . . . . .. . . .. . . . . . . . . . . . 2 
Shale. thin-bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Sancls, yellowish, pme, medium thin bedded . . . . . . . . . . . . . . . . . . . 71) 
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Feet. 
Concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Sandstone, shaly and thin-bedded at base . . . . . . . . . . . . . . . . . . . . . . . 65 
Concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Coal, dirty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale. thin-bedded ............. . ....... : . . . . . . . . . . . . . . . . . . . . . . lG 
Sandstone, clean, thin-beclded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Sandstone, yellow, clean, thin-bedded and 1n part cross-bedded. . . 88 
Concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale, fossiliferous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
Concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
Sandstone, exposed by slump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176 
Shales, hlghly weathered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Coal, burned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Thin-bedded shales, baked above . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Coal, dirty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shales. thin-bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sandstone, clean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Covered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Shales, thin-bedded with interbedded sandy shales . . . . . . . . . . . . . . 66 

'£otal stratigraphic thickness, In feet ..................... 1,120 

'l' be total tluckness of these strata is only approximately 
known. Estimates based on measured sections of various por­
tions of the field give a minimmn thickness of 5,000 feet. More 
complete data may sbow it to be twice or thrice this amount. 
The intercalated basalt £lows which appear in many exposui·es 
increase the thickness o.E the series considerably. 

OLIGOCENE. 

Bordering the Chehalis River, in the northwestern part 
of the field, is au area of somewhat later Tertiary rocks which 
have recently been placed in tne Lincoln Horizon of the Oligo­
cene. 

No coal has been discovered in th is series of beds and 
thefr marine origin, of which there is abundant evidence, 
makes it unlikely that coal in amount to be commercially im­
portant is contained in it. A total thickness of about 1,000 
feet is exposed iu th is ar ea. These strata and their fossil con­
tent have been described in detail by Weaver• and need not 
be mentioned faU'ther in this com1ection. 

•weaver. Chas. E .. '.the Tertiary Formations of Western Washlngto1,. 
Bulletin Washington Geological Sun·ey No. 13, 191G, p . 166. 
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PLEISTOCENE. 

Throughout the central portion of the field and north­
ward through '1'}1urston County the oldeL· formations are more 
or less completely obscured by the mantle of overlying sands 
and gravels of the Pleistocene age. (See Plate VIII). For 
convenience in mapping, these have been divided into two 
groups called the Early and Late Quaternary. The former 
includes sediments of the Satsop formation•; the latter in­
clude8 deposits of the Va$hon glacial epoch, as well as recent 
alluvium. 

No coal of value has been found in these deposits, but 
there are occasional lenses of lignitic matter. These are per­
haps more common in, though not confined to, the Early Qua­
terna t'Y Rtrata. 

These two gr·oups differ mainly in the amount of weather­
ing they have undergone, to a lesser extent in the degree of 
cementation, and somewhat in the character of the materials. 
Locally the conglomerates of the Eady Quaternary are well 
cemented, comparing very favorably with the coal series sedi­
ments in that respect; the sands are yellow, th in-bedded, and 
well cemented and show abundant muscovite flakes scattered 
throughout. Except for the apparently perfect gradation up­
ward into the undoubted Pleistocene gravels and their position 
in an erosion depression i.u the underlying basaltic 1·ocks be­
low, certain expostu·cs of these deposits might easily be mis­
taken for strata of the Puget coal-bearing series. Locally coal 
seams are present in abundance, insignificant in dimensions 
and of no great purity, buL showing that shallow-water condi­
tions permitting local vegetal accumulation obtained at the 
time of deposition. In general the !'itrata of the Puget forma­
tion show better sorting, finer texture, and a higher clay con­
tent than the . imilar appearing strata of Early Pleistocene. 

'fh ese deposits have been excellently described in cletail 
by Bretz* in several publications and need not be mentioned 
ftU'ther iu tl1 is repo1·t. 

•Bretz. J. H .. Glaciation of the Puget Sound Region, Bulletin Washing­
ton Geological Survey No. 8, 1913. 

Pleistocene oc Western Waslllnglon, Bulletin Geological Soclet~· or 
Ame,·lca, Vol. 2G. J9lli, p. 131. 

Satsop Formation oC Oregon aud ·washlngton, Journal or Geology, Vol. 
25, No. 6, 1917. 
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A. Drift covered surCA.ce or •.rem\lquot Pn,Jrle. 
B. Alluvial flat at Tenino. The ' lower ridge in the backgroun<l Is 

underlain by the Puget sl'rles f,lnd the maln elevation Is main­
tained by U,e basalt or Northcroft Mountain. 

C. Contact or the Puget series and Pleistocene gravels. aenr Canyon. 
This ls one ot the numerous roa d cuts which expose the bony 
coal and carbonaceous shales or the coal series. 
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GENERAL STRUCTURE. 

The .field as a whole l,as not been subjected to severe 
diastropbism and, although the strata of practically all por­
tions are somewhat deformed, dips of more than 45° or 50° 
are relatively uncommon and quite local. 

In so fru.· as the field is a structlU'a l trnit it may be con­
side1·ecl as comprising sedimentary and inte1·calatecl igueous 
rocks "·hich are tlirowu into a series of moderate J:olds with 
rather mti£ormly northwest-southeast trend. Cross-folding 
is apparent in most parts of the field but is relativel~· io.sig-
1'.l..ificaut. In the western half these folds are slight, in some 
portions barely djscernible, but to the east as th e foothills 
of the Ca cade Mountains are reached, the folding is more 
pronounced, becoming CJlLite sharp in the extreme eastern 
to,vusllips. The location of the axes of folding re1111ired more 
time than was availabJc and hence they appear ou the maps 
but rarely. 

Faulting is quite general throughout the field but is in 
the mn.iu very local. While the areal relations in some locali­
ties suggest$ faulting on a lal'ger scale, the details Jlecessary 
to a dcliueatiou wet·e not obtained. 1\Iost of the ll.'actures 
11otecl showt>d displacements of but a fe\\· feet. Ho fat· as 
known. then, faulting is not an important phase of the gen­
eral struc1l1rc. although the presence or absence of cv<'n minor 
rlisloi:<ltions in the strata of the c:oal series is of great im­
porbwce in the coal mining operations. Discussion of this 
minor faulting will be ,1eferrecl to a later chapter. 

- ~ 



CHAPTER III. 

THE COAL BED '. 

DEFINI'l'JON OF GRADES OF COAL RECOGNIZED. 

In view of the persistent differences i1t definition it will 
be of value to precede a discussion of the geades or coal fou nd 
in this field with a brief statement as to the terminologr. In 
accordance with Campbell's• classification, and the current 
u.<iage of the U. S. Geological Surve,\·, the following ranks of 
coal are recognized: Lignite, ubbituminons, bitnrni11ou:, 
semi-bituminous, semi-anthracite, and anthracite. For the pllT­
poses of the present discussion the distinction between the 
highe L· ranks is not of concer111 but that bct,r een the fil'st­
uamcd ranks should be made clear. To t hi~ end the \\Titel' ca11 
not do better than quote 'm ith·i·, who says : "Su!J bitnntinons 
coa l has generally heretofore been called ' black Lignite.· The 
Cl'iteria for the distinction 0£ coal of the snhbituminou:; grnup 
are, in general, (1) grayish black or blaek color; (2) alruost 
universa l absence of a distinct system of joints; (3) high per­
centage of moisture, ~-Ltich j!'i g iven off readily 011 eJq)osure 
to the sun or au:, t his producing the peculiar irl'egular \\'eath­
ering spoken of as 'slacking' and (-:1:) the tendcnc:v of man~· 
of these coals to separate on weathe1·ing into thin plates piu·­
alle] to the bedding. Of tl1ese features the color and the man­
ner of wcatberiJ1g arc the most cbal'actcl'istie. The color dis­
ting uishes the group from lignite; the rnann er 0£ weathering 
separa tes it from bituminous coal. Fresh blocks of sub bi­
tmninoul'I coal, when exposed to the air or to the clit-ect rays 
of tbe sun, tend to breitk up independently of the joint planes 
iuto smalle r and small er fragments having irl'egular facei,. 
'l' he fresh coal has a brig ht luster and an irrcguh11· eo11choidal 
fractur e; the rcsul taut fragments are lusterless and the sm·­
:faccs do 11ot sllow an even fracture of an)· kind. Certain sub­
bitumiuons coals have high heatiug value am1 will stand trans-

•Campbell. ?Ir. R. Contributions to Economic Oeologr. 1907. Bullelln 
0. S. Geological Sur,•el· No. 341, 1000, i,. 12. 

tSmlLh. E. :i,;. Coals or the Str,le of ,va~hlnglon. Bulletin I'.:. >'. Geo­
logical Su1·,·e~· N o. 474, 19ll, pp. 9-10. 
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portation in closed cars without 'slacking,' but will check 
slightly when exposed to the direct rays oi the sun in open 
cars. Such coal is evidently near the border line between the 
bituminous and subbituruinons groups. 

"'Lignite is distinguished from subbituminous coal by its 
color, textm·e and amotmt o:f moistnre. It is brown in color 
or has a distinctly brownish east. The texture is usually more 
or less distinctly woody, although some lignite, notably that 
of Texas, is amorphous. The amount of moist11re is greater 
than that of subbituminous coal and ranges from 25 to nearly 
45 per cent. The lignite of rorth Dakota is typical of this 
group.'' 

GRADES FOUND IN THIS FIELD. 

Foul' ranks of coal are to be found v."ithin the field under 
cliscussion; anthracite, bituminous, snhbituminous and lig­
nite. Of these, the first is confined to a small area in the 
mountainous eastern portion of Lewis County where the strata 
enclo!iiug the seams have been subjeetel1 to severe diastropbic 
and volcanic action. Wl1ile considerable sums of money have 
beeu expended i11 the prospecting and development of these 
scam8 t be1'e has been no coal produced as yet from the area. 

Over a somewhat larger area the coal is of bituminous 
rank. Such c.oals are bright, show close jointing, and break 
with cubical fracture. The ash content is rather high, but 
coa l from some 0£ the seams compa l'cs favorably with the 
eastern bituminous coal aml the product from a .few yields a 
fair quality of coke. Whether this is of such grade that it 
can he used for metallurgical purposes remains for determina­
tion. At the present time these coals are being mined on only 
a snu1ll scale, but h1 view of the present demands the develop­
ment of certain properties is ueing pushed. 

Most of the coal produced in southwestern Washington is 
of s1tbbih11ninous rank, although the distinctions bet\veen 
coals of this rank from seams in various parts of the a l'ea are 
obvious. None of the coals mined is typical brown lignite, in 
fact no coal duplicating the North Dakota ligni tes in appear­
ance has been found. As to chemical similarity, the lack of 
analyses of samples from most of the seams makes a definite 
statement impossible, but so far as data at hand goes, it shows 
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differences in eompositiou equal and corresponcling to the clif­
fe1·ences in ph,\7Sical character. 

'rbose coals fo1mcl in the Vader area ancl some from the 
Centralia-Chehalis area aucl the K elso-Castle Rock area are 
the nearest to the true lignites. These are uuiforml.r black in 
colol', with brown streak, but are of distinctly woody texttu·e 
and have a relatively high moisture content which causes 
them to air-slack to a considerable degree. '!'bey do not stand 
transportation and must be used locally and within a few 
months after removal :from the mine. 

Upon Plate IX have been assembled analyses• typical of 
the coals from various parts of this field, and, for the pur­
pose of comparison1 a few-from outside fields have been aclded . 

.A trian~ular diagram has been used in which tl, e con­
struction all ows the graphic representation of the four im­
-portant elements in a proximate analysis of coal, viz., fixed 
carbon, volatile matter, moisture, and ash. Percentages of 
moisture content are represented by vertical distances in the 
plot, the fixed cat·bon and volatile matter content being plot­
ted from right to left and left to right, respectivel,\'. In all 
cases the distances are measured from the base, representing 
zero oer cent, to the apex representing l 00 per ccut. 

I t is readiJy seen that an analysis totaling 100 pet· cent 
of fixed mu·bon would be represented by a single point located 
at the lower left apex of the triangle, while one showing 50 
per ecnt of fixed carbon and 50 pel· cent of volatile matter 
would be represented by a point on the lower 1ine, zel'O in 
moisture, rn iclway between the ends. Simila.rly an analysis 
showing 50 per cent fixed carbon, 25 per cent volatile matter, 
and 25 per cent moisture would be represented by a poi_nt 
placccl at the intersection of the lines showing these per­
centages. 

An analysis which shows au ash content, on the other 
hand, would be r epr esented by a triangle instead of a point, 
siuce the other three elements would not make a total of 100 
per cent. 'l'hus the size of the triangle formed shows the 
amount of ash present. Any sulphur s110wn by analysis is 
plotted ·wit h the ash, but in only rare instances L" the amount 0£ 
sulphur great enough to alter perceptibly the graphic expres -
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7 3VNl'ffT •C 13760 
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6 LR00• 3 10030 13 MONTANA 6692 

Plot ut proximal@ unalYl!"ll or coal "as r<'celved." For explanation or this method ot 
plotting H<>e Chop. III. 
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sion of the other elements. One example will serve to make 
the diagram clear. Analysis No. 12 is as follows : 

}Ioistur e ..... .... . ... . . . . . . . . . ... . ....... . 
Volatile Matter .. . . . . ... .......... . ....... . 
Fixed Carbon ....... . ..... . ..... . . . .... . . . 
Ash and Sulphur .... . . . ..... . ............ . 

42.2% 
24.5 
26.4 

6.9 

100.0% 

For purposes of comparison, then, the higher the content 
of moisture the higher in the diagram the analysis is shown; 
the nearer the coal is to graphite the farther toward the lower 

left apex it appears; the higher the content of volatiJe matter 
the nearer the right lower apex; and nnaUy, the greater the 
ash content the larger the triangle which is formed. Those 
analyses were chosen for tl1e diagram which would show the 
gradations in composition between the several ranks. Num­
bers 1 to 8 are coals from this field, while the rest are intro­
duced £or pm·poses of compa1·faon. No. 9 is from Renton; No. 
10 :from Carbonado; No. 11 from Beekman; No. 12 from Le­
high; and No . 13 from Glendive. It should be noted that those 
of the second group ar e single analyses taken as representing 
their respective fields rather than "average" or composite 
analyses. Numbers 1 to 4 are unpublished analyses of sam­
ples collected by Joseph Daniels and the writer in 1917; the 
r emainder are taken from Bulletin 22 of the Bm·eau of Mines. 
The composition of the coal "as received" has been plotted, 
thus shoY1ring as nearly as possible the constituents as min ed . 

0£ the coals .from th.is field No. 3 is uppermost in the 
diagram. 'rhis analysis is practically duplicated by tbe others 
from the Centralia-Cl1ehalis field and so may be taken as fair­
ly typical of the district. While the volatile matter is essen­
tially the same as in No. 9, the higher moisture is accompanied 
by lower content of fixed carbon. No. 3 is distinctly set off 
from Numbers 12 and 13, from North J)akota and Montana 
r espectively. These are typical of the true lignites, which 
analyses show may contain as high as 45 per cent moisture. 
Numbers 4, 1 and 2, from the Tenino-Mendota field, show, in 
order, less moisture and more fixed car bon and are thus clearly 
of subbituminous rank, while No. 3 is on the border line. No. 
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9, the Renton coal, has mucl1 less moisture and corresponding­
}~· high content of fix.ca carbon. 'l'his is nearer the boundary 
between the snbl.Jituminous ana the bituminous l'anks. Num­
bers 5 and 6, l\1iucral Lake a1·ea, are of bituminous rank and 
correspood to the Carbonado and Beekman coals, Numbers 
10 anu 11, respectively. No analyses are available o.f sam· 
pies irom this -tieltl which ·would occupy an intermediate po· 
sition between No. 2, the best subhitumi11ous, a.ucl No. 6, the 
lowest bituminous coal. 'rhe sam11Jcs .from seams near the 
Slllnmit of the Cascades, while showiug- essentially the same 
moisture content as the bituru inou. coals, are set off from 
them by the higher content of fixed carbon. These arc distinc­
tivclr authracitic, No. 7 prol)ably being a true antlu·acite. 
while No. 8 is more properly lJelow anthrncite grade. 

The ash content is seen to be extremely variable, coals of 
the same groHp showing no unifo1·mify. '!'he effect of this eon­
stituent on the grouping of the coals is best show11 h~· Fig:nre 
2, on which have been plotted the same anal_vses, recalculated 
to au ash- and sul phul'-free basis. IJere also the distinction 
between subbitmuinous and bitnminous ranks is c:leal'er, the 
formel' sho\\•ing more than 14 per cent moisture, the latter less 
than 9 per cent. 'l'he close similarity of the t,Yo coals of 
highe .. t rank is empl1asized as is ahm that of :Nmnbers 5 and 
10. from Ladd an<l Carbo11a<lo respectively, both of which are 
cokin~ coals. 

As has been indicated. the coals taken from the whole 
field l'epresent gradational tJ·pes between antlu·ar·ite and high 
grade lignite. Because of the lack of an)' system of classifi. 
cation which will place all these coal. in their tn1e 1·clation 
"'ith reference to their eommel'cial value, it is impossible to 
i:,how graplLicallr the types represent eel. Bet ween the lower 
ruembe1·s of the series the intermetliate types a1·e well rcp-
1·e euled and the distinction in lustel', .fractiu·e, streak, slack­
ing on e:1..-µo:;;nre, and moisture content can be utilized as diag­
uostks as indicated b,v Smith.• These do not serve for dis­
tinguishing the higher members, however, and the various 
commonlr used bases for classification, such as :fuel ratio, 
split-Yolatile nitio, etc., have to be utilized. 

•ibid p. 23. 
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FIG. 2. P lot of the sa.me annb ·ses as those shown on P late L'{, but on an 
ash-free basis. 
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'rhe types gradational between the subbituminous and 
authrs.cite coaJs are not so well represented. 'l'he reason for 
this is 11ot far to seek. In the time that has elapsed since the 
earliest deformation of the coal series a large area presumably 
once covered b,v tho coal has been swept practically bare by 
erosive agents. The coal whlch remains is mainly in the form 
of down-folded remnants which can be eroded only by the 
removal o.f large masses o.£ more resistant. 1·ock. Some masses 
of unknown size have been retained in place through burial 
h? later lava flows. In the main these are inaccessible and so 
the number of gradational ty_pes observed is limited by both 
factO!'S. 

POSSIBLE ORIGIN OF THE DIFFERENT GRADES. 

'l'he cause of the differences existing between these coals 
is a point upon which there has been mnch discussion. l\Iost 
of the factors to which the differences noted bave been attrib­
uted by different students may be grouped under six heads 
as .follows: 

a. Length o.£ period elapsing si11ce deposition. 
b. Proximity to later igneous masses. 
c. Deformation to whiclJ the becls have been Sllbjected. 
d. Original character of material. 
c. Conditjons of cleposition. 
f. Depth 0£ burial. 
Of these the first mentioned was uniformly 1Jeld for some 

time and it is indeed reasonable to suppose that other £actors 
being equal a great difference in the time dlll'ing which the 
coals 11avc been subjected to blll'ial and pressure would result 
iu a corresponding difference in character. 

With more carefnl observation and the widening of the 
field studied it became evident that the assumption 0£ uni£orm­
it)· of conditions was unwarranted. Subsequently appeal was 
made to the me1 amorphosing action of intrusive igneous rocks 
aucl later consideration was given to many other factors 
thought to have an important bearing on the result. 

It has been shown that tl1e alteration of vegetal matter 
lo coal comprises two distinct and consecutive processes or 
sets of processes: one biochemical in character, the other dyna­
mochemical. To quote Wlute, • who has emphasized the im-

• White, David. Bulletin U. S. Bureou uf Mines No. 38, 1913, pp. 91-92. 
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portance of this subdivision : "During the first of these pro­
cesses the accumulating vegetal matter, under the varying, 
yet restricted, conditions attending peat formation, becomes 
more or less dis:integratecl or decomposed ancl reduced and 
many of the organic chemical compounds of the original ma­
terial are more or less broken down and changed in ways con­
trolled by those conditions. This process was termed 'bio­
chemical, ' because the more important transformations take 
place under the influence of, or in connection with, the vital 
activities of micro-organisms, the more essential of wh.ich are 
the bacteria. • • • The second or dynamochemical pro­
cess covers the chemical and physical alterations of the coal­
forming matter (peat whether formed under coastal ~vamp 
or other conditions) induced and controlled by geodynamic in­
fluences. The dynamocbemical process follows the 'biochem­
ical,' but it may be conceived as slightly overlapping the 
latter io most cases.'' 

It is evident that the first process may be terminated with 
the material at any stage of alteration, from freshly deposited 
vegctal matter ·to mature peat, and that even if followed by 
identical dynamochemical processes the end products will 
necessarily be different. The introduction of microscopic 
study of coals has made possible some important inferences as 
to the conditions under which some coals have been deposited 
and as to the relation between the character of the 
original vegetal matter and that of the resulting coal. For 
a full discussion of this and other phases of the origin of coal 
the 1·eader is referred to the papers by White, Thiessen and 
Davis• and by Stevensont. 

None of the coals of this field have been studied :in the 
thin section and as yet it has been possible to give but little 
thought to this interesting and important line of investigation. 
It is believed that thjs field will furnish valuable data as to 
the dynamochemical processes involved in the coal formation 
because of the wide range in the degree of deformation to 
which the strata have been subjected and the equally wide 
range in the character of the coals formed. 

•White~ David, ThJessen, Reinhart and Davis, Charles A. Bulletln U. S. 
Bureau of l"Iines No. 38. 1913. 

tStevenson, J. J . Proceedings American Philosophical Society. Vol. 
50, 1911, pt), 1-116 . 

• 
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Tl1e almost complete restriction of the high grade coals 
to the motml ainons areas points to a causal relation between 
the grade of coal and the degree of deformation, while the 
local occurrence of coals o:f l1igh 1·ank adjacent to igneous 
111asses makes plain the relation in such cases. Both £actors 
J1ave operated in this field and the relative part played by 
each remains for future study to reveal. 

In the appendix are listed all the analyses of these coals 
which are available for comparjson. In general the coals of 
the field show the following variations : 

Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-30% 
Volatile ................................ 24--35 
Fixed Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . 27-51 
Ash .................. .... .............. 5-21 
The character of coals from different parts of the field 

sJ10ws sucl1 marked variation, however, that no reliable gen­
eral statement can be formulated. The r eader is referred to 
the descriptions o.f local areas and individual mines and pros­
pects io. Chapte1·s IV and V, fo1· statements as to the exact 
character of coal found. 

Al\IOUNT OF COAL UNDETERMINED. 

Upon tbe important question as to the amount o:f coal in 
tlie field and the proportion of this w.hich is recoverable there 
is but little jn£onnation. Few scams, if any, are known to 
lrnve an areal extent of more lhan five or six hu.nclred acres. 
In most cases the known area is far less than that although 
the possible area is much greater. The local character of the 
deposition of the coal is indicated by that of the enclosing 
sed iments and seems to be more marked in this than in the 
otlier fields of the state. On this point, however, serious 
doubt may be raised as the lirn ited extent o.f present workings 
does not warrant generalizations. Because o-f the frequent 
in terrnptions of beds t111'ough erosion, intrusion, or faulting, 
the calculation of tonnage in even the known seams is ren­
dered of small valnc. 'rl1e low folding in some parts, the later 
basalt covering iu others. and the widei-pread "concealed" 
areas make tl1e presence of many nnknown coal beds probable. 
These £actors combined make it unlikely that the coal re­
sotU'ces of the field will ever be known in advance of the 
actual exploratory work. 



CHAPTER IV. 

DETAILS OF 'l'HE -VARIOUS AREAS; I, WESTERN 

POR'l'lON. 

KELSO-CASTLE ROCK AREA. 

GENERAL GEOLOGY. 

The boundaries £or this field include most of 'r. 8 N., all 

of T. 9 N., and the south hnlf of T. 10 N., the ea t half of R. 
3 W., all of R. 2 W., and the west half of R. 1 W. 

As shown on the detail map, Plate X1 igneou. rocks oc­
cupy the eastern portion of this district, an irregular line sep­
arating them from the sedimentary rocks to the west. 'l'he 
two aTe apparently interbedcl~ throughout the area, the 
igneous predomiuating in the east. 'l'liis r elation is clearly 
indicated at many places along tl1e boundary, the 1·e-entrants 
being parallel to the strike of the enclosed sediments. Some 
of the h-regula1·ities or the boundary are due, however, to the 
presence of dikes projected from the major masses. 

The extreme nort11eastern portiou is concealed but is 
thought to be underlain by igneous rocks. Tlu·oughout the 
area mapped as sedimentary, exposures of apparently small 
masses of igneous rock. are not r1n·e. The close relation exist­
ing between lithology ancl topograpliy in this field was of use 
in fi.'<ing the boundaries of igneous masses as a supplement to 
the s<:auty data from the outcrops. 

The igneous rocks show great similarity throughout the 
district in lithology as well as in their relation to the sedi­
ments. No slices of these rocks were studied, but the varia­
tions in composition are believed to be of n1inor importance. 
For practical purposes these rocks may all be classed as 
basalts. Typical exposures of these rocks are to be seen in 
ihe quarries at Kelso aucl Castle Rock as well as in the cuts 
i•long the Northern Pacific Railroad, one of which, showing 
excellent columnar struchu·e, is rnustrated by Plate V B. 

rrhe a1·ea underlain by sedimentary rocks is one of 1o,,r 
relief ancl outcrops of iliese beds are found bnt inirequeni 1)-, 
even in tbe stream channels. Excavations for railways, roads 
and mines furnish tl1e rest of the exposures. 
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The sediments are all Eocene so far as known, but it is 
yossible that some of tlle beds along Dohson Creek in the 
northwestcm portion a1·e Oligocene. Ju huge part these beds 
are coal-bearing aud are for t haL reason considered to be of 
cs1 uarine origin. Intcrl>edded marine strata are fo11ud, how­
t-ver, as in the Coal Creek area o.f R. 3 ·w. Sandstones, occa­
sionally conglon1eratie, shales, and coal, with all the inter­
graduations make up the series wher ever exposed. With the 
exception of the conglomerates and locall:v at contacts with 
the igneous rocks, these sediments arc loosely compacted and 
often scarcely cement eel . For a typical exposUl'e of a bout 
forty feet of these rocks see the section reported below from 
the lllOnth o.f 'l'outle River . (Page 54) . 

It is believed that the sediments and interbcdclcd igneous 
rC'cki:; have been upfol<led slightly and the tops of the low, rolls 
eroded. The fragme11tary character of the data at hand makes 
an attempt at location of the structural axes of little valne, 
hut tlle general trend of the folds is JJ01'1hwcst-southeast. 'l'he 
field, then, is to lie consider ed as comprisi11g r epetitions of a 
sedimentary series of moderate thickness t lu·ough truncation 
or several .folds rather than a single series of enormous thlck-
11ess exposed by er osion of a si11gle fold. ln view o.f the struc­
ture aud the lack of any extensive exposure of section the 
estimates as to thickness are at best very rough. It seems 
probable that the series comprises some 4,000 or 5,000 feet 
of sh·ata. 

Coal has been discovered in nearly all portions of this 
field and bas been mined successfully in widely scattered lo­
calities. In charader it is quite nniform throughout. the dis­
trict, the variations shown in samples from the several mines 
aJ1Cl prospects being due largely to differences in ash content. 
'l'be few anal.,rses available place most of these coals wi1h the 
better g rade of lignites, and the physical characters bear this 
out. Locally, however, the coal is subbituminous ot· better 
in rank, but snch masses are of very limited extent and prob­
ably ha ,·e resulted from changes induced by the intrusions 
wit!J whjch t hey are alwa;\'S associated. Th e seams usually 
i-how clean coal of slightly dull luster, quite black in colol' but 
of brown streak. It is usually more or less woody in texture 
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and sometimes exliibits a slight flexibility. 011 long exposure 
to the afr it breaks into small fragments. 

'l'he seams are usually -variable in thickness and more or 
less lenticular ju shape. No seam of great extent has been 
cliscoverecl and examinatfo:n of sections exposed emphasizes 
the local character of the deposition of tbe vegetal matter and 
of the elastic material composing the coal series as well, so 
that it is unlikely that seams of ·wide extent will be fouud in 
the area. 

The coal series are found over an area of about 85 squar e 
miles, but because of the le11ticula1· character of the str-ata it 
is impossible to estimate with any accuracy t11e area under­

la in b:v "·orkable coal, or the tonnage of the field. 

DESCRIPTION OF 1\0N"ES AND PROSPECTS. 

COWEMAN RIVER 

Coal ic.; found about three miles clue east of Kelso near 
the south line of Sec. 30, T. 8 N., R. 1 W. A section 0£ about 
25 feet is e)..l)OSed in the north bank of the Coweman River 
and u1 a road cut above the bank. An entry was driven at 
this locality about 1896 but has been abandoned a ncl slides 
have nearly obscm·ed the entrance. The section comprjses 
several coal layers with shales, sandstones, and some tuffaceous 
and basalt masses. The basalt is found both above and be­
low the coal, which is in th in bands and of no value. Plate 
XI A, a photograph of tl1e upper portion of this exposure, 
shows the i.11te1·bedded coal and tuffaceous layers w:ith several 
feet of basalt above. The beds strike N. 90° E. with a 25° 
Llip to the north. 

The locaHty was visited by Collier• and the following 
section repol'ted from Sec. 31: 

Feet. Inches. 
'Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
·Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sandstone .... . ................... - . . . . . . . . . . . . . • . . . . 3 
Coal ........ . ..... . ............................. .. .. . l 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

29 6 

•collier, A. J., Bulletin U. S. Geological Survey, No. 531, 1913, PJ>. 324-6. 
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A. Exposure or coal on Coweman river. The coal series Is here overta!n by tutrs and basalt. The Ugnltlc layer Is Indicated by the 
hammer. 

B. Typical exposure of Pleistocene gravels In tho "covered" area or the Mineral Lake region. Tilton River west or Morton. 
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Northeast of Keliso, iu the northwest quarter of , 'ec. 24 
<T. 8 N., R 2 W.) an abandoned shaft is found cutting sanely 
i::hales tmderlain by sandstone. Because of slides, water, etc., 
liut little can be seen. Collier * mentions a "report that con­
siderable coal was found, samples of which air-slacked bad]~-." 

ANCHOR MINE, 

'!'his mine is located in tl1e west haU 0£ Sec. 13 (T. 8 N., 
R. 2 W.) and two entries haye been made. In the west entry 
a 13-foot bank exposes loose, medium fine, slightly shalr sand­
stone, gray but weathering to buff. This is quite massive 
but shows extensive cross-bedding. Within this is about two 
feet of thin-bedded carbonaceous shale and at the base of the 
exposure about three feet of bone and dirt with one inch or 
more of coal. The beds strike east-west and clip south at 15° . 
In the main entr.r the section as shown by Figure 3b was 
measured. Lantlest repor ted on this propert~7 as follo-ws : 
"Two veins were worked, one about four feet and the other 
five feet in thickness. A narrow gauge railroad three-quarters 
of a mile long ran from the mine to the Cowlitz River, ,,•here 
the coal was loaded in barges." Repor ts of the State Coal 
Mine Inspector show that this mine was opened in 1891 and a 
total 0£ 4,600 tons mined before 1897, when operat ions ceased. 

OSTRANDER CREEK. 

On the south fork of Ostrander Creek, in the southeast 
quar te1· of Sec. 12, T. 8 N., R. 2 W., about 15 feet of the coal 
series is exposed on the west bank. A short d1·ift shows sands 
and shales associated with the four-foot coal seam. Tbe beds 
.show a strike of 10° east, d ipping southeast 20°. Ac1·0.ss t he 
stream, and 100 feet above this point, an incline lias been run 
on the coal a slwrt distance. This prospecting was done in the 
<l8 rly nineties. Tl1e coal is he1·e overlafo by a rather coarse 
::;rained basalt, probably a part of the same mass -which, 50 
yards above, causes an interesting cascade in the stre,un. This 
C'ascacle is attractive because controlled by "·en developed 
vertical columns in the basalt. 

" 
•Ibid. p. 325. 
tLandes, 'Henry. Annual Report W ashington Geolog1cal Sur\'ey, Vol. 1. 

1901, pt. IV, p. 04. 
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COAL CREEK. 

The beds of the coal series are found frequently along 
Coal C1·eek for four miles above the bridge in Sec. 10, T. 8 N., 
R. 3 W. Impure coal in seams of from three to six feet in 
thickness is found in Sec. 11, west half, interbedded ·with 
loose, cross-bedded sands with some shales. Below these are 
several feet of dense basalt underlain by nearly 100 feet of 

sediments, some very fossillierous. The structure here is com­
plicated by several minor faults, but the beds have a general 
southerly dip with strike fron;i. northwest to a little south of 
west. 

Throughout Sections 35, 26 and 27, T. 9 N., R. 3 W., the 
sediments have a northwest strike, dipping to the sonthwest 
beneath the basalts at a low angle. The creek here follows 
along the strike of the beds and hence exposes only a small 
i;ection comprising sandstones, shales, carbonaceous beds and 
several coal seams. 

On oae of these seams outcropping in the southwest quar­
ter of Sec. 26, a slope was run some 400 feet in what was 
known as the Coal Creek Mine. 

Landes• has rep~rted the following section for this mine: 
Feet. 

Sandstone .................................................... . 
Coal ... .... ................. .. ... ... .............. ... .. . ...... 3 
Shale ...................................................... .. . 2 
Coal ......... .. ... .... ............ . ................... .. ...... 4 
Sandstone .................................................... . 

In 1904 Dillert collected samples from this mine and re­
ported the coal to have a thickness of about six feet, with two 
!.mall partings of sand. The upper bench had 12 to 18 inches 
of bony coal, the middle bench 30 inches of coal of better 
grade, and the lower bench had 18 inches of coal, in part good. 
The coal was reported to slack on exposure. 

"Landes, Henry. Annual Report Washington Geological Survey, Vol. 
1, 1901, Part IV, p. 63, and Vol. 2, 1902, p. 256. 

tDlller, J. S. Con,! In Washington near Portland, Oregon: Bulletin U. S. 
Geological Survey, No. 260, 1905, pp. 411-412. 
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Dill er 's samples gave the following analyses: 
No. 6760. 

Moisture ........... ......... ........... .. .. .. . .. 15.24 
Volatile matte r ........... .. . . ... .. .. • ........... 36.28 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29.54 
Ash ........ ... . ... .. ... .. ....... ... .... . .. .... . . 18.94 

Total ... .. .. . .. ...... . ......... .. . .. ......... 100.00 

Sulpbur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.39 

No. 6761. 
16.26 
36.33 
30.05 
17.36 

100.00 

Note-Color of ash, light reel-brown; non-coking. 
shows a high content of ash and sulphur. 

4.61 

Thi~ 

HUNTINGTON AND ELY MINE. 

This mine is located in the west half of Sec. 24, T. 9 N.1 

R. 2 W., about 2 miles south aud a little east of Castle Rock. 
'rhe slope was undrained in 1917 and the section could not be 
measmed, but CoUier• reported : 

Feet. Inches. 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Clay, white . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

4 2 

The strata strike N. 20° E ., dipping at less than 5° to the 
southeast. No ana.ly. cs are available but the coal is said to 
have so high a sulphur content as to be tuidesi.rable even for 
domestic uses. This mine was worked more as a prospect than 
as a producer, so that only a low tonnage ,-..-as minecl b<.'fore 
it was abandoned about 1914. 

One mile south of this mine, near Tucker, coal has been 
found in Sec. 25, (T. 9 N., R. 2 W. ) in the gulJies from the 
east. Near the center of the section a series comprising some 
20 feet of blue sands, thin-bedded and cross-bedded, with some 
fom feet of rather clean coal with interbedded shale is ex.­
posed in the stream bed. A _prospect on th is coa l was visited 
b~, Collied, who reported as follows: 

Feet. Inches. 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Coal .. . .. ... .......... . ...... .. ....... .. ... . . ... ..... 4 

9 

•collier. A. J. Bulletin U. S. Geological Survey, No. 531. 1913, p. 327. 
(This was here reported us lhe Carbondale l\Uae.) 

tlbld. p. 327. (Reported as the Bucld prospect.) 
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LEAVELL MINE. 

This mine, formerly called the Carbondale, is localed in 
tbc southwest quarter of Sec. 18, T. 9 N., R. 1 W., abont tlu·ee 
miles southeast 0£ Castle Rock. 'l'he slope enters at al)out N. 
50° E . on a 27° djp, although the dip of strata nearby is about 
15°. Slump ,,•ithiu the slope pre,,ented entry, but Collier• 
reports the following approximate section : 

Feet. Inches. 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 6 
Clay, white. sandy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 

6 9 

Analyses of this coal, reported to have been made at the 

State College of Washington in 1908, gave the follo"·ing re-
sults : 

A B C 
1'1Iolstu1·e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.0 8.0 7.5 
Volatile matter . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 35.4 4-S.O 44.0 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43.8 46.0 47.0 
Ash . . ............................... : . . . . . . . 5.6 3.0 1.5 
Sul phur . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .2 0.0 0.0 

100.0 100.0 100.0 

Samples of this coal after exposure of several years still 
showed a black color, bright lt1ster and but little check.rug due 
to air-slacking. 

Thi'3 slope was opened for nearly 250 feet with east and 
west gangway 0£ about 300 feet. A fault was appa1·ently 
rcacl1ed at 212 feet. As sl10wn on Plate X, the coal series 
here occt1pies a small area almost wholly surrounded by ig­
neous rocks. 'fhese are of coarse textm·e and hence might 
be expected to have Jiacl considerable metamot·pl10sing effect. 
lt seems prol)able that the high rank 0£ thfa coal is to be ac­
counted for in this way. 

IDLEM AN M I NE. 

'l'his mine is in Sec. 1, 'r. 9 N., R. 2 W., near the south 
line, l1ence about one and one-half miles northeast 0£ Castle 
Rock. The strata strike N. 30° E., dipping S. E. at 15° . Un­
drained at tile time of examjnation, the slope could not be en­
terecl. The seam is reportecl by miners to f latten out with 

•!bid. p. 32S. 
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depth. IJ.'he mine opening js at the base of a 100-foot hill 
capped by basalt, which overlies the coal series in this vicinity. 
Collier"' reported a 4-foot scam of clean coal, of a grade 
somewhat better than that .found near Kelso. 

This mine was opened in 1892 and worked iutcrmitteuUy 
up to 1896 and attempts to reopen it "-ere made several years 
later. A total production of about 2,000 tons during this time 
was _reported by the State Coal l\liue Inspector. Landest 
reported tlu·ee seams ''having widths of four feet, six inches; 
four feet, one inch, aud six f eet, respectively." 

About one-hall mile southwest of the mii1e a prospect 
drift has been driven, but no ledge rock could be seen at tho 
time of observation. It is reported that a 5-foot seam of clean 
coal was found dipping at an angle of 8° to the northeast on 
a strike N. 18° W. 

RED ASH MI N E. 

This mine is located a little sontheast of the center of 
Sec. 7, T. 9 N., R. 2 '\"V., and is Hms about foUl' miles clne west 
of Castle Rock. This mine ·was o-pened in 1896, but was closed 
a year or so later. No reliable analyses or measurements of 
the coal seams are available and the flooded couditiou of tl1e 
workings prevents re-examination. 'l'be beds in this vicinjty 
strike northwest with a d ip of about 30° to the northeast . 
.Examjuation of material on the dump above shows that the 
usual impul'e sands and shales with coal of somewhat woody 
texture were encountered. Coll iert sa?l'l: "The coal bed i-.; 
said to be about six feet thick, but has near the center a one­
foot parting, probably of sa11clsto11e. ·, 

'l'he area south and southeast of the Red Ash mine shows 
with £cw exceptions nearly flat lying strata of the coal series 
for a radius of five miles or more, while to the north coal has 
been found in the Shntt prospect, in the northeast quarter of 
Sec. 32, and in tbe Whittle prospect in i he southeast quarter 
o:C the northeast quarter of Sec. 29, both of 'I' . 10 N., R. 2 W. 
Farther north in the valley of Dobson Creek iu the west half 

•ibid. J>. 32S. 
tl.andeR, Elem·r. Annual Report ·washlngton Geologlcul Survey, Vol. 

2. 1902, J). 256. 
tCollicr, A. J . Bullctln U. S. Geological Survey No. 531, 1911, pp, 328-9. 
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of Sec. 24, T. 10 N., R. 3 W., a coal bed over two feet thick is 
found in a series of rather fine shales containing much organic 
1nattcr, with cleaner shales, micaceous sandstones, hard, concre­
tionary, dark blue sandstones and some very fossiliferous 
shales. These strata, a portion of a rather extensive exposu1·e, 
strike N. 23° W., dipping 21 ° to the northeast. 

TOUTLE RIVER. 

Coal is found along the Toutle River just above its junc­
tion with the Cowlitz in 'l'. 10 N., R. 2 W. The section found 
at this point is as follows: 

Feet. 
Pleistocene gravels and sands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Shales, micaceous, carbona<'eous, with coaly stringers; bone at top 8 
Shales, loose, grading below to sandstones . . . . . . . . . . . . . . . . . . . . . 4 
Sandstones, loose and coarse ...... . ..................... . ....... 14 
Coal, with 2-inch shale partlng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Conglomerate, fine, well cemented . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale. concretionary. well cemented . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Basalt, amygdaloidal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Total ... · ...... . ........ . ................................... 46 

The basalts of the atca conform to the bedding of the 
sediments and because of the common vesicular sm·.faces are 
believed to represent lava flows rather than intrusions. Col­
lier* r eports an eight-inch coal seam of better grade from a 
point abotLt one-half mile upstream from the exposure de­
scribed above. This shows the columnar fracture of bitu­
miu.ous coal and like that from the Leavell Mine may be con­
sidered as having been metamorphosed through the introduc­
tion of igneous rock into the series eitJ1er as a flow or as an 
intrusive sill. 

COALBANK RAPIDS AREA. 

GENERAL GEOLOGY. 

This disb·ict is located in T. 10 N., along the Willamette 
Meridian, with an indefinite boundary to the north in Lewis 
County. ~rhis is a very small area of probably not more than 
five or six square miles, but because of the occUl'rence of the 
coal, as well as its geographic isolation, it should be distin­
guished from the Kelso field to the west and the Vader field 
to the northwest. 

"Ibid. p. 329. 
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The Tontle River passes at this point from an igneous roek 
area into one of sediments (See Plate XII), traversing the 
latter in the strike direction, which is approximately north, 
before turning to join the Cowlitz some ten miles to the south­
west. Igneous rocks are .found nearly sru'l'ounding the sedi­
mentarJ~ series which occupy a strip some six miles long and 
scarcely a mile wide. Even withln this strip, masses of ig­
neous rocks are to be found. 

The igneous rocks are for the most part andesitic por­
phyries and occur in masses much larger than those found to 
the west at the mouth of the Toutle. The rock usually shows 
a dense ground mass, gray-black in color, with abundant 
phenocrysts of feldspars scattered through it. The relation 
of the various masses is not clear, but there are presumably one 
or more nearly horizontal sills cut by dikes of smaller size, 
the texttu·e of the rocks indicating relatively slow cooling 
without evidence of flow origin. 

The sedimentary rocks are very poorly exposed, but show 
limited outcrops, which appear to be remnants of an originally 
larger mass so cut by intrusions of the igneous rocks as to 
leave but small portions at any one place. 'l'he beds are es­
sentially horizontal, where reliable structural data could be 
obtained, but doubtless considerable variation occurs locally. 

'l'be best exposure of either igneous or sedimentary rocks 
is within half a mile of the new bridge across the Toutle River 
at the rapids in Sec. 19, T. 10 N., R. 1 E. .A section at this 
place shows porphyry, as exposed in the gorge of the Toutle, 
perhaps one hundred or more feet in thickness, overlain by but 
separated from a heavy conglomerate or agglomerate contain­
ing boulders up to three feet in diameter; the whole showing a 
high degree of weathering. .Above this stratigrapbically, but 
separated by fifty, paces, is a series of buff to bro~vn sand­
stones and shales containing near the base several lignitic 
seams one foot or more thiek. 

DESCRIPTION OF .MINES .AND PROSPECTS. 

Coal is found about one-half mile above the County bridge 
in the northwest quarter of See. 19, T. 10 N., R. 1 E. .Although 
reported to outcrop on both sides of the river, at the time of 
the writer's visit it could be seen on the west bank only and 
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here slump due to undercutting by tlrn stream prevented a 
satisfactory examination. One or more seams are present as­
sociated with a medium conglomerate, fine sandstones, and 
shales. Large loose fragments of silicified wood were found 
011 the shore. Tbe coal is lignite, of very woody texture and 
somewhat splintery .fracture and has a brown streak. Al­
though frequently l'eported to the contrary, it is not thought 
that coal of any value will be found in this vicinity. 

WA L KER M I NE. 

This llline is located in the southeast quarter of Sec. 13, T. 
10 N., R. 1 W., on the east bank of the Toutle River. The 
section exposed in the two open cuts shows a fairly thick seam 
of lignite without apparent partings. The coal is quite black 
in color, but is distinctly woody. The bed is nearly flat-lying 
but has a slight northeast dip. 

Coal was found one-half mile to the north on Sec. 18, T. 
10 N., R. 1 E., where a drill was sunk i:r.1 the northeast quar­
ter. Prospects farther east in Sec. 18 encountered only igneous 
rock. 

Coal is reported in the south half of Sec. 35, 'l'. 11 N., 
R. 1 W., and is thought to belong geograpl1ically in this dis­
trict. 

In Sec. 10, T. 10 N., R. 1 W., about two miles southwest 
of Tower, coal outcrops near the base of the west bank, which 
is here well over 100 feet high. 'l'he l-iver here, in cutting a 
gorge-like channel through the andesitc, has exposed a small 
mass of the coal series. 'fhe relation to the igneous Tocks 
which are found both above and below, and apparently on 
either side as well, is not clear. The sedjmeuts seem to oc­
cupy a small pocket within the igneous mass, being entirely 
cut off from other sediments. 'fbe sectio14 shows at the top 
a conglomerate with cobbles up to si.~ inches in diameter, a 
soft gray clay, thin-bedded, below, and t11-is underlain by at 
least six feet of ,·voody lignite with the base concealed. No 
analyses have bee11 made of this seam but in view 0£ the great 
masses of igneous rock in the immediate vicinity it is unlikely 
that this seam has sufficient extent to be commercially valu­
able even though of J1jgb grade. 
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VADER ARE.A. 

GE1'"BRAL GEOLOGY. 

'l'his district lies iu R. 2 W., and includes the north half 
oI T. 10 N., and t11e south two-thirds of T. 11 N. 

Except for a narrow strip along Oleqna Creek, onl~, ig­
neous rocks are found in the southern half of the field. (See 
Plate XIII). Ju most outc1·ops tl1ey are highly 'Weathered, 
but examination of fresh samples shows tliem to be mainly 
basalts o.r dense texture frequently showing grains and small 
nodules of olivine. Good exposures are found in cuts along 
the Nortl1ern Pacific Railroad from Vader southward. The ig­
ueo11s rocks are probabl~- with few exceptions sills intruded 
into the coal series, but because of the nearly horizontal atti­
tude are widespread areally. Little is lmown of Lhe portion o.£ 
the field lying east of Olequa and it is possible that it contains 
sedimentary formations essentially continuous with those to 
the north along the Co,Ylitz RiYer. 'l'he only relation of the 
igneous rocks to the coal in this district is the probable effect 
of 1.heiL- p1·oximity in Sec. 15, mentioned below. 

Sediu1eutar.v rocks outcrop frequently and indeed almost 
coutitmously along Ole11ua and Stillwater Creeks, lei.s J:re­
quen1ly along the Cowli1 z River and rarely clsewhel'e. From 
the position and sLrqctm·e of the sediments ,.,here observed, 
howeve1·, it is clear that they underlie a wide area to the north 
and west of Vader as well as extending eastward across the 
Cowlitz River aud southward in a narrow strip toward Castle 
Rock. It is impossible with the present data to fix accurately 
the limits of tJ1e area underlai.11 by the sedimentary formations 
and the boundaries set are 8l·bitra1·ily determined. 

A typical exposure, that on the ,-..est bank of the CowHtz 
River, in Sec. 28, T. 11 X, R. 2 W., shows the stream cutting 
a cha1rnel UJ soft, yello,dsl1 -gray shale , sandy in part and 
locall;\T ab1mda11tly :fossiliferous. The shales are quite massive. 
the sb·ncture being indicated by the iutcrbedcled layers of 
coucretionar? shale, which are dense, moTe resistant, and liter­
ally packed with shells, shell .fragments and bits of carbonized 
wood. 'rllesc beds dip gently Lo the northeast and are con­
cealed up-stream b~ Pleistocene gravels. 
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Another a.~posur e, located about one-half mile above 
,ader on 0 1equa Creek., shows the following section: 

Feet. 
Gra'Vels, wilh soil above . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale, massive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Grit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale. massive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Grit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Gri l . . .... : . . . . . ... ..... . . . . ..... . ........•. . ...... · : .......... 1 
Shale, massive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Grit, base concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Total . ... .. .. .. ... . . . .... . ..... ... .. . .. .. ....... . .......... 37 

On Olequa Creek, helow Vader and just downstream from 
the Stillwater Lum her Company's dam, another excellent ex­
poi:;lU'e of shales and sallClstoues is found . These are consid­
ered to be o.f Eocene age. 'l'wo grnups of stt·ata are recoga izecl 
with a sliRht angular discordance bet" ·een them. (See P late 
XIV A) . The lower series is exposccl but a few feet and com­
prises at the base shat.,· sands, greenish but weathering yellow­
hrown, overlain b,r 10 to 15 feet of similar $ediments, spa1'sely 
fossi liferous and interrupted by about six bands, six to eight 
inches thick. of harder lenses and nodules in fairly regular 
beds. 

The uppe1· series shows at base two to four feet of saucl 
,.-ith 011e or more uodulc layers a1td some fossils, overlain b: 
a puPpl ish gray quartzitic stratum eight to ten inches thick. 
1''l1is is overlain by a gray sand layer of 15 incl1es bearing a 
five-inch fossil layer not definitcl.r delimited. Over this is 
a three to 12-inch stratum of thiu-beddcd sand, local l? pro 
fusely fossiliferous, ,Yith undulator.v surface. Above it comes 
a serjes of lenticular sands, in pat't hawlenecl and in part soft, 
·with t hin-bedded sands wrapped about the harcler lenses in 
some cases. Irregular bands of fossils appear in either hard 
or soft portions. Over this is about 10 feet of massive gray­
green sha)c, no fossils noted. This has above it a.. tuff, 
pumiceous at base and conglomeratic at top. Overlying are 
two feet more of shales with pumice bands, and 15 feet o.f 
massive shales, in part thin-bedded, are at the top. 

It is seen that there is no marked change in tbe charac­
ter of the strata in going from the lO\Yer to the upper series 
to mark the contact of the two series, the lower is simply el im-
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A. Ei-.1>osure of marine Eocene beds near Vader. Nole the slight angular 
discordance between the two series of strata. 

B. Pleistocene beds lying on the eroded edges of Eocene shales. The 
latter dip steeply to the right. Note the apparent stn1tlllcation 
produced by weathering discolor.'lUon near the center or the picture. 
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inated along a sl ightly irregular plane like that of common 
cross-bedding. The size of tl1e discordance makes that inter­
pretatfon unp1·obable, while the presence of a wavy contact 
line points to the inference of local unconformity. 

From the variation in the lithology and the fossil content 
of the sediments of this field, it is evident that more than one 
formation is present. On the basis of a rather detailed paleon­
tologic study of the rocks along Stillwater and Olequa Creeks 
Weaver• has shown the probable existence of a series of 
marine, brackish and fresh water sediments, in part Eocene 
and in part OligoceDe. The differentiation of the coal-bearing 
strata, which are considered estuarine in origin, from the ma­
l'iue, is not yet complete, but the coal series of this area may 

fairly be considered to include a considerable thickness of 
madne strata interbedded with those of brackish and £resl1 
water origin. Weaver's measurements show a thickness of 
about 1,700 feet for the coal series, including about 400 feet 
of marine sediments. 

At tbc south eud of the £ield basalts are intercalated with 
these rocks, which show great variation in both dip and strike, 
but in tl1e northern half of the field a more uniform structure 
is exhibited with the major fo lding in a general northwest­
southeast trend. Tl1e complications due to cross-folding are 
locally pronounced as along Stillwater Creek, about one mile 
due west of Vader. Faulting on a small scale has occm"l.·cd 
but it is not an important featul'e of the structure. 

DESCRIPTION OP PROSPEC'!'S. 

Coal outcrops in this .field at various places and has been 
rather extensively prospected, but no mines have been opened. 
Where exposed the coal is a black lignite of woody texture, 
bright when fresh, but becoming dull on long contact with the 
air. It is quite uniform through.out the district and although 
so far as known analysis has been made of none of these coals, 
they ,,·ottld probably show a low heating power. The lack of 
structural details except at isolated poi11ts makes the estima­
tion oJ: the extent of a given coal bed impossible. It is be-

•Weaver. Charles E. Eocene o( the Lower Cowlitz River Valley . Wash­
ington. Proceedings California Academy of Sciences. 4th series, Vol. \'1, 
No. l, 1916. 
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lievcd, however, that the strata of t11c coal series, and prc­
swnably tl1e coal seamia:, are rather more continuous in this 
area than in the .fields to the north or south. On this assump­
tion tlie coal series would be found undern.eath an area of at 
least !10 square miles. Over a portion of this area they are 
probably overlain by pureb· marine beds of later age. North­
ward, beyond Winlock, the covering of PJeistocc11e deposits 
has obliterated all trace of Tertiary rocks but it is fair to as­
s1une that at no gl'eat depth the coal series will be found, thns 
extending the Vader £ield to the southern limits of the Chehalis 
area. 

At lhe so11th end of the field, in Sec. 16, 'l'. 10 N .. R. 2 
W., coal was found in a cut made along the Northern P acific 
Railroad on the south bank of the Cowlitz River. 'l'he upper 
portion of the section liere exposed includes a mass of oliviue 
basalt showing columnar structure, the three to four-foot 
columns standing normal to the pltloc of contact with the sedi­
ments below. '.l'he latter iL1clncle about eight feet of clcau 
shales overlying some 15 feet of shales with SL"< interbedded 
lignite layers, eacb .from one to two feet thick. At the contact 
with the basalt the shales show hlackenillg aucl some baking, 
but no et!:ect was noted on the basalt. One-half mile to the 
soutJ1east. in Sec. 15, is located the FuJJer prospect which. as 
reported by Collier•, shows the followjng sectiou: 

Feet. 
Bone ...... ....... ...... .. .. . ........................ . 
Coal ............................. .......... ....... ... . 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Coal ................................................. . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Inches. 
6 
8 
6 
G 

2 

'l'l1e beds dip to the 11ortbeast in these sections and their 
northwest extension beneath the basalt is problematical. 

For tlu·ee miles north of this point outcrops of sediments 
are found in places along Olequa Creek. Carbonaceous shales 
are common hut no coal beds are exposed. The stream here 
is following along the strike of a portion of the baisalt-sedi­
mentary formation in which the sediments greatly ptedom­
inate, the basalt remaining as prominent ridges on either side 

•Colller, A .• T. Bulletin u. s. Geologlca.I Surve~·. No. 531, 1n1, p. 320. 
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with sharp faces to the southeast and gentle slopes to the 
northeast. 

Coal is found in the southeast quarter of Sec. 32, T. 11 N., 
R. 2 W., in the strata described on page 28. 'fhis is a 1ignite 
of low grade and the series here is overlain by a thick mass 
of basalt which renders prospecting impossible. 

In many places along Stillwater Creek, as in Sec. 30, T. 
11 N., R. 2 W., near the crossing of the county road and in 
Sec. 24, T. 11 N., R. 3 W., near the mouth of Brim Creek, en­
tering .from the north, beds of lignite are frequently found. 
Similarly, north of Vader, along Olequa Creek, lignite is 
found outcropping in the stream channel, as in Sections 29, 
20, 17 and the northeast quarter of Sec. 8. Again, n ear 

the north line of Sec. 24, T. 11 N., R. 2 W., the shales of the 
coal series containing two or more seams of coal outcrop in 
the west bank o.f the Cowlitz River. High water prevented 
careful examination of this section, but the coal is presumably 
of about the same gi·ade as t hat fouud throughout this a.Tea. 
In the area west and sonth of Winlock the writer has visited 
half a score of prospects on lignite seams, one of which has a 
r epo1·ted thickness of eigb t feet. In none of these prospects 
was the coal series well exposed, so no sections were meast1red. 
Lignite, scarcely more thau wood iu texture, is reported by 
Collier• as occurring about one mile east of the a.i·ea shown on 
Plate XIII, on Cedar Creek, in Sec. 30, T. 10 N., R. 1 W. 

CENTRALIA-CHEHALIS AREA. 

GENERAL GEOLOGY. 

This field includes T. 14 N., and the southern part of T. 
15 N., in R. 2 W., and R. 3 W., and tbe eastern hali of R. 4 
W. (See Plate XV). The boundary between this and the Men­
dota field to the east is drawn arbitrarily for the convenience 
0£ discussion, rather than by reason of any geographic or 
geologic distinction which cau be made between them. 

This is an area 0£ moderate relief, no l1ills rising more 
than 400 or 500 feet above the lowlands. The hilly lands lie 
in the northwest and sou theast parts, while between them 
lies the level valley 0£ the Chehalis River, in which the thick 

•Ibid. p. 330. 
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Pleistocene alluvium conceals all the rocks of earlier time. Be­
cause of the heavy cove1fog of vegetation, the few natlU'al 
outcrops of ledge rock must be sought for diligently along the 
stream comses and the operations of loggil1g, mining and 
1·oacl-building :fornfah a large part 0£ the data available for 
this region. 

Igneous rocks are founcl in but two localities in this area, 
one in a road grade in Sec. 35 (T. 1-1 N., R. 8 W.), and the 
other in the bed of Littell Creek, about the middle of Sec. 
28 of the same township. 1n both instances these are rclati vcl.v 
small masses of basalt and apparently quite isolated f-rom the 
f:lows which are founcl to the sont11west. From the strnctru·e 
of the asi:;ociated sediments it is prol.Jable that these represent 
a s i11gle flow in a scrie otherwise free from igueous rocks. 
Indication of the coutiuuitr of the mass is found in the de­
velopment of a red 1soil along the probable trcml. 

Two and probabl~· three formations of edimc11tar.r l'Ocks 
ru·e found within the limits 0£ this field. In the extreme 
northwestern portiou, along the Ohehnlis Rh·er, are found ex­
teni:;ive outcrops of marine strata of Eocene age. 'rl1ese arc in 
the 111ai11 iuassive, gray, sba l.r sandstones, locally iossilifet·o11s, 
but. some more resistant concl'etio11a1·y beds are fotmd with the 
ma sive stl'ata. On the basis of the .fossils contained these 
beds are classed by Weaver as marine Tcjou, and thus thC'y 
rep1·escnt the deposits laid down in the sea. at the time the 
coal seams were heiug .fol'med in adjoining estuaries to t.he east . 
West 0£ these ontcrops, but with au undetermined bou111lnrr 
separating thl'm, is found au area of some·what simi lar sedi­
ments whi.ch have been placed in the Olig-oecne. 'l'hc south­
ern boundary of this formation is not determined, but it must 
lie near tl1e north line of 'L'. H N. 

Tl1e rnajo1· portion of this field is thus seen to be 1mder­
lain hy rocks of the coal-bearing formation, of Upper Eocene 
age. 'rhese strata are fo1· tbe most part thin-bedded . Aud­
stones, 1?ra~- when £reshlr exposed but showing J'ellow and 
bro,.-n staining when weathered. They are nsnaUy poorl.v ce­
mented, but occasionally show resistant phases wl1ich are £re. 
quently fossiliferous. A typical exposure of the coal series 
is illustrated on Plate XIV B. Here the gravels 01 Pleisto-
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cene age overlie the truncated beds in the south limb of the 
anticlinal .fold meutfoned below. 

Where details a1·e available the structure of the field is 
seen to be relatively simple. Folds are encountered, but usu­
ally these a re neither sharp nor extensive. 'l'he area as a 
whole is dominated by two anticlinal and two col'l'esponding 
synclinal folds, of roughly parallel h·end. The southernmost 
anticline involves the strata in the vicinity of Chehalis1 bring­
ing the beds encountered in the Superior Mine up to a dip of 
53° while furthe1· to the southeast the dips are less1 the beds 
of the Sheldon Mine showing about 35°. The westward ex­
tension of this structural element is problematical, but there 
is evidence that the trend is maintained to the vicinity of 
Deep Creek where the fold apparently tmns to the south,rest 
before S'winging to the nortlnvest north of Meskill. 

'l'o tl1e north the axis of the second anticlinal fold is 
found in the vicinity of Centralia, but the paucity of outcrops 
makes the exact location in doubt. 'l'his is not a sl1arp fold 
buL is comparable in character with the syncLiue to the south. 
'11be trend is about N. 70° W. at Centralia but swings to the 
northwest, where it is followed by the 'hehalis river as it 
crosses into Thurston County. 

Just no t'th of this anticline the beds are involved in a 
sbarp clownfolcl which gives clips of 62° at Wabash while 
£uther to the east the beds ou the axis have ver·tical dips as 
shown in the Potlatch, Eureka and Florence mines. The 
local charactel' of this fold is show11 by the shallow clips ob­
served along its extension to the northwest ,1,IJ.ere it involves 
the beds found in the ll'ol'd 's Prairie and Perth mines. 

What data is available for the northwestern portion of 
this area shows that low dips are the rule and it is probable 
that i:n t11is portion the cr oss-folcbng is nearly as pronounced 
as tl,e major folding. 

'l' l1e coal from this field is essentially black in color, al­
though showing a faint tinge of brown on most samples. The 
streak is almost black, the fracture is somewhat conchoidal 1 

g i:ving a slabb;Y· appearance to the face of a cut, and the tex­
ture is only vei·y slightly woody. Fresh samples 0£ these 
coals are somewhat satiny in luster, but ou short exposure 
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become dull aud ea r tbJ·. 1n rank they are quite uniform and 
are placed on the border line between low grade sul,bitumfoou;,; 
and high grade lignite, but are distinctly 0£ better grade than 
most of the coals p1·eviously described from the Kelso and 
Y ader districts. 

Nearly- a score of mines have been in operation at various 
times ill thi<s field, but tl1e correlatioll of scams between them 
llas not been possible in most cases. Even for those miJies Oll 
acl,joiniug sections variations ill the thickness and se(ll1ence 
of strata has made co1Telations doubtful. Obviously the ex­
tent of seams "·here not actually exposed in the mines is un­
certain aJJcl for this reason the tonnage of this field as a whole 
can not be estimated. Without <lottbt the actual tonnage ls 
many times greatel' than the amount that can be estimated 
f1·om the workings. 

DESCRIP'.1,'lONS OF l\l&ES ANO PROSPECTS. 

SH E L DON M I N E. 

'l1he Sheldon :Mine, )Jo. 2 on Figure l, is located on the 
soutlwast qnarter of the northeast quarter of Sec. 33, T. 14 N., 
R. ~ W., about one mile clue cast of Chehalis. It is reacliec1 by 
a logg-iug road which comes up tlle valley ol' Coal Cl'eck from 
the northwest. This mine is on the south lin1b of au anti­
clinal foJd, the beds striking nearly clue east-west with a south­
ward clip of H5°. The face of tlie main l,!angway, where sample 
29569 was taken, shows the section illustrated by Figm·e 3c. 

This miue was opened in 1912 aud has b<•eu a producer on 
a slowl,r· increasing scale ever since. 1'he average c1aily pro­
duct ion is about 65 tons. 

Th e miJie ii. opened b.,- a slope and levels have been turued 
to the northwest ancl southeast. 'l'he p 1·eseut metl1od of opera­
tion is u,v clmte-and-pillar. Gangways are nine feet wide, an<l 
chutes seven feet wide on 36-.foot cente1·s have been d1·iven up 
the i'ull dip 0£ the coal. Pillars are cut by crosscuts, .four 
feet by fonr feet in size, at variable distances from 35 feet to 
50 £ect, dividing tl1e lift into a :;eries of blocks of coal. 'l1hese 
pillars arc reruovecl by angle cuts 011 the retreat. The coal 
is screened over two and one-half inch, ouc and one-eighth inch, 
and thl'ee-eightbs inch rouncl screens, producing lump, nut, pea 

-3 
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an.d slack sizes. 'rhis mine was visited by E. E. Smith,* who 
says : "Sample 8843 was taken 250 feet east of the slope and 
40 feet up the rise from the first level. Tbe bed contains 
near the middle a -parting of 101/2 inches of carbonaceous shale 
and coal which can be !Separated from the remainder of the 
bed b.r careful piclcing and \Yashing, and this portion of the 
bed was not included in the sample. 

'' The coal is brownish black a nd has a reddish brown 
streak. The structure is massive and banded, a11cl the frac­
ture conchoidal. The high percentage of moisture causes the 
coal to slack very readily upon exposure to the afr. The coal 
should be classed as low-grade sub bituminous." 

SUPERIOR MINE NO. 2. 

'rhe Superior lYline No. 2 ( Jo. 1 on Figure 1) is located 
jn the northeast quarter of Sec. 30 and the northwest quarter 
of Sec. 29, 'l'. 14 N., R. 2 W ., within the city limits of Chehalis. 
This mine is on the south limb, but nearer the a)cis of the same 
£old that involves the strata of the Sheldon Mine just de­
scribed . 'l'he beds strike essentially due east-west with a 52° 
dip sontl1ward. A section measured at the face of the gang­
way ueyond No. 34 chute, where sample 29568 was taken fo r 
analysis, is shown by Figure 4a. 

There are several mines in this vicinity on the same or 
adjacent coal seams and the records as to the early operators 
on the varions properties are not clear. About one-half mile 
east of Superior No. 2 is Superior No. 1, and about one-<Juarter 
mile :farther cast is tl1e location of 'rwin Cit~, Mine. 'l'he first 
opening of the group, on what was known as the Ro.-enthal 
prope1·ty was probablJ- made as early as 1885, but tl1e report 
of the Coal Mine Inspector for 1895 shows the Rosenthal Mine 
to have been opened in that year. About 1901 the property 
was operated by 1\'filler Brothers and in 1911 the present open­
ing was made. It was known ffrst as the Murphy and John­
i'iOn J\Ii.ne and later as the Superior No. 2. Producti<>n has 
been continuous since that time. 

A slope bearing S. 23° W. and having a clip of 52° is tl1e 
main opening. Two lEm;ils have been driven from the slope 

*Smith, E. E. Bulletin U. S. Geological Survey, No. 474, 1911, p. l GG. 
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towards the southeast, but the lower level i the on1~· one 110w 

operated. 

'rhe metl1ocl of. ,,·orking is by chute-and-pillar, a modifica­
tion of the room-aucl-piUar method made necessary by the 
steeper ilip 0£ this coal. The gang,rny is driven nine feet wide 
and chutes are opened from it across the fuJl dip at au angle, 
making tl1e dip on the chutes 39° . These clmtcs are driven 
seven feet wide 011 40-foot ceutel's up to a distance of 45 feet 
from the gangway aod then they are narrowed down to four 
feet in width . A counter gangwa.v is driven here foui· feet by 
four feet in section. Cross-cuts are driven between rooms 
leaving 35 feet of pillar between successive cross-cuts. This 
practically divides the pillar coal into blocks 35 feet square. 

'rhese bloek~ are removed in slice retreating to"·ard the 
gangway, using batteries to holcl the coal, and timbering thl.l 
terri tory over wLLich. tbe pilJars have been r emoved. 'l'he coal 
is dra,Yo from chute. at the gangway. 

'l'he metl1od o.f preparation is by screening. , haker 
scr eens having two and one-half-inch round and two and one­
half-inch bar openings followed by one-inch round opening.; 
r eceive the mine coal and separate it with grades sold as lnmp, 
egg-nut and pea-slack. 'l'J1e average daily production is about 
75 tons. 

This mine was visited by E . E . Smith,• ·who says: "Sample 
9941 was obtained in chute 5 about 50 feet above the first level 
gangway. The bed contains one carbonaceous sl1ale parting 
near the bottom, which can be separated by picking aucl was 
therefore :not incltLded in the sample. 

"'!'be coal has a brownish-black color, a r eclclish-b1·own 
streak, massive and banded structure, and a conchoidal frac­
ture. lt contains a high percentage 0£ moisture, lacks very 
easily upon exposure to the air, and is a very low-grade sub­
bituminous coal. " 

Three other mines in trus vicinity are reported upon by 
E. E . Smith t, and the following notes are taken from his re­
port. 

•ibid. p. 16~. 
l'lbid. 111,. 162-165. 
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SUPERIOR MINE NO. ·1. 

The Snperior No. 1 is a water-level mine one mile no1·th­
east o.£ Chehalis, operated by tlte Superior Coal Company of 
that town. 'l'he "coal bed is about 11 feet in thickness. Tt 
strikes N. 70° W. and clips 40° S. W. The entire bed of coal, 
which is the same bed ai:; thal mined in 1 he 'r,nn City l\Iine 
of the Twiu City Light & Traction Company about onc-£olll'lh 
mile west, is mined, but as the sample irom the 'rw1n Cib' 
Mine was taken from a lower bench verr near this mine it 
was considered that a sample from the npper bench to sup­
plement tJ,e 'l'win City l\Iiue sample was all that was neces­
sary. The fol lowing is a section of the upper portion of the 
bed at thii:! miue and that from which the sample (9942) was 
1aken: 

Feet. Inches. 
Sandstone ................................ .. ..... .... . 
Coal ................................................. 1 
Shale, sandy ..................................... ... . . 
Coal ........ .. ...................................... . 
Shale, sandy ......................................... . 
Coal ................................................. 2 
Shale . . ............................................. . 
Coal ................................................. . 
Shale, hard .......................................... . 
Shale .... .....................•..... ................. 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

7 
1h 

3 
11.? 

0 
1 
6 

6 

"'l'be coal is passed over a one-inch l>ar screen at the 
bunker, picked and dumped in the bin. • • • The coal is 
brownisli-black and has a reddish-brown streak. It ls massive 
and ba.ndecl and breaks ·with an irregular conchoidal fractm·e. 
Owing to its higb percentage of moisture, it slacks very readily 
upon exposure to the air. It is probably on the border liue 
between low-grade sub bituminous and high-grade lignite." 

TWIN CITY MINE. 

The Twin City is a slope mine one mile u01·theast of Che­
halis, operated by the Twin City Light & Traction Company 
of Chehalis. "The coal bed worked in tlus mjne is a lower 
par t of the bed worked at the Superior No. 1 Mine about one­
fourth mile east. It strikes T . 70° W. and dips 40° S. W. 
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The following section ,vas measured where the sample (9945) 
was taken : 

Feet. Inches. 
Shale ................................................ . 
Coal, with thin, irregular bands of shale . . . . . . . • . . . . . . . 4 0 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31h 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . .. . . . . . .. . . . . . . .. . . . . . . . . . .. . . . . . . . . 7 
Shale, thin lens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1h 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31h 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1h 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91h 
Shale .. ... . ...... . ....................... . ... ..... . .. . 

Total .. ..... ... . ............ ... ................ .. . 10 81h 

"Sample 9945 was taken on the east end of the first level 
gangway about 300 feet from t he slope. 'l'he bed contai11s 
several shale partings which can be easily separated by pick­
ing and washing and these were, therefore, not included in th e 
sample.'' 

This coal, a subbitu.minous, is practically identical with 
tbat of the Superior No. 1 Mine, according to Smith .. 

CHEHALIS MINE. 

'l'he Chehalis is a drift mine two miles east of Chehalis, 
operated by the Chehalis Coal Company. '"rhe coal bed 
strikes N. 30° E ., a.ncl dips 30° S. W. 'rhe following section 
was measured at the place where the sample (9944) was taken : 

Feet. Inches. 
Shale ............................................... . 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 10 
Shale, sort "mining" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91h 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 91h 
Shale .. ............................ ... ... .. .. . ...... . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 5 

"Sample 9944 was obtained in the first water-level gang­
way 250 feet from the entra11ee of the mine from a stump pil­
lar ,vhich had been drawn and which had probably been ex­
posed to the 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." Smith described the coal hel·e as 
being similar to that of the Superior Mine. 
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At least one other mine, known a Leonard ·s l\fine, has 
been opened in this vicinity. This is located in the north 
half of the southwest quM-ter of Sec. 28 ('l'. 14 N., R. 2 W. ). 
It was operated in 1895 and 1896 by the Chehalis Coal Com­
pau.,-, with a production of about 2,500 tons. It was reopened 
in 1915 and about 2,000 tons mined. No data as to the charac­
ter of tl1e coal or the structme of the strata are at hand. 

CRESCENT MINE. 

On Littell Creek, about five miles west of Cl1ehalis, the 
Crescent Mine was opened in Sec. 22, 'r. 14 N., R. 3 W. The 
beds dip about 35° to the south on a N. 80° W. strike. The 
mine was opened in 1902 on what was reported as a 10-foot 
seam of good grade lignite and was spasmodically worked, 
fit·st by the Crescent Coal Company anc.l later, in 1907, b_y the 
Coast Range Coal Company. No report from this property 
appears after 1908 and at the time of the writer's visit slides 
prevented a detailed examination of the mine, but a section 
measured in the bank of a creek nearby is shown by 
Figm·e 4b. 

Nortl1 of the mine opening an ll-foot seam was reported 
to outcrop. This wonld be about 250 feet stratigraphically 
below the seams mentioned. E. E. mith• reported upon this 
as a water-level mine operated by the Union Coal Company, 
Seattle. He says further: "Several coal beds have been opened 
at this mine, but a sample could be obtained only from tbe 
main bed. This bed strikes N. 85° W . and dips 40° S. A · 
bench of coal one foot six inches thick is left as a roof to 
snppor-t tbe 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 un­
safe. 'rhis mine "·as not being operated at t!Je time it was 
vi. ited. The following section was measured at chute 17, be­
tween chutes 18 and 19, and about 800 feet from the entrance 
to the first water-level gangway. 

*ibid. p. 16-l. 
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No. 9940. 
Feet. Inches. 

Sand .... .. ... ..... .. .... . ......... .. . .. ... .... .. .... . 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal ............................................... . 
Shale, hard ................ ... ... ... . . . ..... .... . .... . 
Coal ... ........................... ...... . ... . .. ..... . 1 
Sha le .................. . .. . . ... ...................... . 
Coal ............. . ..... .. . ....... . .... .. ..... ..... .. . 
Shale, hard ..... .... .............. ... .... ..... .. ..... . 
Shale, yellow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale, carbonaceous ....... . ... ... .. ............ ... .. . 
Coal .................................................. 1 
Shale ............................................... . 
Coal .................. ... ... .. .... ....... ..... . ....... 1 
Shale, carbonaceous ...... ... ... .... ... .... ........... . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

6 
91h 
4 
6 
1 
31h 
6 
0 
91h 
5 

1h 
31h 

61h 

"Sample 9940 was taken where the section given above 
was measm·ecl. The bench of sl1ale two feet three and one-half 
inches thick near the center and small partings of shale in 
both the upper and lower benches of the bed should be re­
moved in preparation £or the market, and these were not in­
cluded in the sample. The large amount of foreign material in­
cluded in the bed, together with that which mix.es with the 
coal from the floor and the roof, will increase the amount of 
ash in t he marketable coal above that shown in the analysis 
very greatly unless it is very carefully removed. 

"The coal is brownish black in color, and has a reddish­
brown str eak. It is massive and banded, and breaks with a 
conchoidal :fractlU'e. It contains a higher percentage of 
moisture tl)an any other coal sampled in the state, and slacks 
very readily on exposure to the air. This coal should be 
classed as sub bituminous." 

ear the south line of Sec. 21 along Littell Creek the 
following section was measured : 

Feet. 
Gray sandstone, thin-bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Black shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Sbaly Sandstone, thin-bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Sandstone tul'.r, cross-bedded massive-base concealed . . . . . . . . . . . . . . 30 

Total ......... ... ..... . ........... ..... .... ................ 63 

In a tributary stream just west of thls location coal was 
reported from a five-foot seam. In this case possibly the two 
feet of shale overlying the three feet of coal was included . 
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Both these occurrences are along the strike of strata in the 
Crescent Mine and presumably belong at the same horizon in 
the coal series. 

SALZER VALLEY MINES. 

Just south of Centralia a broad flat stretches several 
miles to the east, known as tl1e Salzer Va1lcy. Coal I1as been 
found in several places in the low hills along the margin of 
the flat. In 1904 the Gibson 1\line was opened in Sec. 23, 'l'. 
14 N., R. 2 W., and was operated for three years and then 
sold to Jones and Jewell. lt was not reported after 1908 and 
at the present time caving prevents examination of the tun­
nel wl1ich enteJ'S the brow of the hm on a S. 80° E. trend. 
For the production of thi. mine see appendix B. 

MARION HOWELL MINE. 

In the northeast quarter of Sec. 27, T. 14 N., R. 2 W., at 
least two openings have been made on a coal seam about five 
feet thick. This, the Marion Howell Mine (No. 11 on Figm·e 
1) is located near the crest of a rather sharp anticlinal fold 
trending southwest. Local flexures introduce considerable 
variation in both clip and strike. In the present workings the 
beds are essentially flat but sl1ow a monoelinal bend at the 
east ,vhich carries the seam clown several feet to the old 
workings. In other directions the beds show rather sharp up­
folds but no fractures of the coal seam have been encountered. 
At the northwest margin of the workings the bed shows a 
nearly vertical up-raise and prospect openings in the hill above 

.. ., 
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F10. 5. Dlagl'arnmatlc section through the property of the Howell l\line. 
Vertical scale same ns the horizontal. 
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show the seam to be dipping 75° in a southerly direction on 
the south side and about 45° in a northerly direction on the 
north side, where drill records are reported to show a six­
foot seam of coal. Figure 5 is a diagrammatic structure sec­
tion through the Ho\vell property on a N. 75° W. line. 

'rhis mine was first opened in 1903, running during the 
winter months only for several seasons. No repor t was made 
on it for a decade prior to 1916, since then it has been operated 
by the Salzer Valley Coal Company, with an average daily 
prodnct ion of less than 10 tons. At t he time of the writer's 
visit the mine was not in operation and no sample for analysis 
was taken. 

About four miles west of Centralia coal is found in the 
northeasterly dipping beds , .. .,hich outcrop on tribtltaries of 
O'Gara Creek, in the southwest quarter of Sec. 3, ('l'. 14 N., 
R. 3 W.) . 1'he following section is exposed: 

Feet. 
Shale, massive, gray micaceous . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal, clean (estimated) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Shale, as above, concealed . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Sandstone, coarse, yellow and massive . . . . . . . . . . . . . . . . . 5 
Carbonaceous shale, loose ........ .. . ...... ..... . ..... . 
Coal, clean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale, carbonaceous ......... .... .......... ... ... ... .. . 
Shale, thin-bedded, gray, base concealed . . . . . . . . . . . . . . 3 

Total .. .. .... .... ... ...................... ..... .. 29 

Inches. 
6 
0 
0 
0 
2 
0 
6 
0 

2 

'rhese beds clisappeai· beneath the later sedimentary beds 
of marine origin to the northeast. While the coal is apparent­
ly a high grade lignite it is not shown in quantity to be com­
mercially important under present conditions. 

LINCOLN MINE. 

Just west of Galvin, a town on the line of the 0-W. R. R. & 
N. Co., about fou r miles northeast of Centralia, the Rainier 
Mine ·was opened in 1913. This was taken over by tbe Lincoln 
Coal Company the following year but only a very small ton­
nage was extracted before the mine was closed. 

Early in 1918 it was reopened and development work is 
now being pushed. The mine is located on the northeast quar­
ter of Sec. 33 (T. 15 N., R.d W.), depending upon a logging 
company's spur track for connection with the line of the 0-W. 
R. R. & N. Co. 'l'he coal-bearing rocks strike about N. 75° W. 
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dipping northerly at an angle of 35°-38°. The coal seam, as 
worked, is more tha11 eight feet thick with local lenses of 
shale up to four incl1es in thickness. A second seam, called 
No. 2, is found to lie a.bout 50 feet stratigra_phically above the 
seam worked. 'l'his is about 30 inches thick aud is not being 
wol'lced at present. In character these coals are similar to 
others of Lbis ai·ea, having a somewhat woody te:x.'ture and 
slacking readily upon exposure to the sun. Analyses are not 
available, but a rather high ash content is reported. This 
possibly can be partially eliminated by careful mining. 

'l'he old opening was a 40° slope extending somewhat less 
than 200 feet. From this an entry was run about 300 feet on 
the level and rooms were tm·ned off, leaving about 40-foot 
pillars. 

'l'he present opening is a twmel trending due north fol· 
75 feet so as to cut both seams. Along No. 1, 35 feet from 
the portal, a gangway is run for about 400 feet. An air course 
parallels this and eight-foot chutes are being put in 30 feet 
apart. 

About two miles to the northwest of the Lincoln Mine 
in the southwest quarter o.f Sec. 29, coal has been .found in 
the hillside above one of the southern tributaries to Lincob1 
Creek. Tbe series exposed here lie nearly horizontal but show 
a slight dip to the northeast. The following section was meas­
ured: 

Feet. Inches. 
Roof, soft, gray sandstone ........................... . 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 
Shale parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lh 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 
Shale parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 8 
Shale parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :If.? 
Coal (base concealed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 G+ 

Extensions 0£ this seam have been found in the adjacent 
area ancl it js probable that operations will be began soon on 
the development of th:is seam. 
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FORDS PRAI R IE MINE. 

About £om· miles north of Centralia, near the nol'th line 
of Sec. 30, (T. 15 N., R. 2 W.), the Fords Prairie Mine (No. 3 
on Figure 1) is located on the southeast limb of a low Cl'oss­
fold trending northeast-southwest. The beds dip at an angle 
of about 12° . A section measured on the main gangway near 
the last plane where sample 29564 was taken for analysis is 
shown in Figm·e 4c. 

This coal shows a rather high moisture content and a 
moderate content of ash. '!'he sulphur is negligible. In com­
position and physical properties it is fairly comparable ·with 
the other coals of the Centralia-Chehalis field. 

This mine has been a producer since its opening in 1911, 

although -..vorked on a small scale. The average daily pro<lnc­
tion amounts to about 65 tons. 

A short spur connects th e property with the Chicago, l\Iil­
waukee & St. Paul and the Northern P acific railroads. 'rue 
mine is opened by a 30° rock slope to the main gangway on 
the coal. An aii·com·se and traveling way driven i.n the coal 
from the smface parallels the main gangway. The develop­
ment work is very limited. 'l'he method 0£ mining is by room 
and pillar. 'l'he ga.ngway is eight f eet wide and afr-com·se six 
feet wide, with a 50-foot pillar between. Planes are driven up 
the dip, 15° to 17° from the gangway every 400 feet. The 
rooms are turned off the plane on each side parallel to the 
general couTse of the gangway. These rooms are 14 feet wide 
with a 25-foot to 40-foot pillar between. The coal is mined 
face-on, leaving top coal two feet high £or protection, shcaTed 
on both 1·ibs and given a slight undercut, thus breaking the 
coal without the use of powder. The coal breaks into long 
slabs. 

In the advance mining, t he room track is usuaUy placed 
on the low side. When the pillar is dxawn, the track is moved 
to the high side, a cut is made diagonally across the pillar to 
cut the fast end, and then a further set·ics of cuts mad e until 
the entire pillar is removed. Timbering is used to support 
the roof during the pillar dniwing and sometime th e top, 
coal is left in for additional support. 



The Coal Fields of Southwestern Trashingtou 77 

The cars 0£ mined coal are cb·opped down the planes to 
the mai11 gangway and hoisted up the slope to the washery. 
Here the coal is screened to remove lump coal coarser than 
tlu·ee inches. r1•1ie undersize is se11t to a Fot·ester jig for wash­
ing and the cleaned coal is then re-screened into domestic aucl 
steam size1,. 1'his is one of the few properties in the field 
whic·h prepare coal by washing. 

PERTH MINE. 

About a mile east 0£ the Fords Prairie 111iue, on the north­
east quarter of Sec. 29, is the property on which the Perth 
:\£inc 1Yas opened in 1909. No report was made from this 
miue after 1910 and at the present time it cannot be examined. 
'l'he following statement is taken from the report of E. E. 
Smith,• who visited the mine when it was in operation: "Al­
though several coal beds are exposed at this mine, the bed 
now being worked is the onl.r one from which a sample couJd 
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 s.lope ancl 40 feet up the rise from the first level 
gaugwHy. ·, lt is thus seen that the Perth 1\Iinc and the Fords 
Prairie l\liue are ou opposite sides of a shallow synclinal fold. 
The stratigraphic relation of the seams, however, is not cer­
tain. 

CHINA CREEK MINES. 

East ann a little north of Centralia in the northeast quar­
ter of Sec. 3 ('l'. 14 N., R. 2 W.) the Potlatch Mine is located 
on a series of beds of vertical dip. Th.is mine was operated 
for the period 1909 to 1912 inclusive. It was opened with a 
35° incline in a N. 75° W. direction. The section could not 
be measured '\'irithiu the mine, but a section exposed in the 
creek bed 100 yards above the incline was as follows: 

Feet. 
Sandstone, clean, blue-gray . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale ............................................... . 
Coal .................................................. 1 
Shale ............................................... . 
Coal ....................... . ........... . .............. 3 
Sandetone, as above ......................... ... ...... . 

Inches. 
0 
& 
& o, 
s; 
0 

Total coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 

*!hid. p. 196. 
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While the stratigrapbfo 1·elatfon of this coal to that in the 
mine has not been determined, from their attitude the exposed 
strata ma.r be at a higher or lowet· horizon in the coal series 
or may be the same as those in the mine, brought up again by 
close folding. 

Less than a half mile to the east, in the northwe t quar­
ter of Sec. 2, the Eureka Mine was opened on two seams of 
coal nine feet apart which had a nearly vertical dip. '!.'he r e­
lation of these seams to those mentioi-1ed above oo. the Potlatch 
property is not known, but the location of the mines aloP"' 
the strike of the seams makes it evident that they were strati­
graphically adjacent if not identical. 'rhe mine "·as opened 
by an irregular drift which had a general trend of S. 80° E . 
The Eureka Coal Compa ny operated this mine from 1892 to 
1895, inclusive, but at no time was the production large. 

The Florence Mine, on the northeast quarter of Sec. i, 
was about one-half mi le east of the Eureka and located on 
practically the same part of the coal series. Very little in­
formation as to this mine could be obtained on the property, 
but the reports of the Coal Mine Inspector show that the first 
opening, a sJope, was made in 1891. A fire in 1893 led to :, 1 

temporary abandonment. 'rhe next year a new drift, called 
Florence No. 2, was opened and both operated during 1895. 
No report was 111acle after 1896. 

The Richmond Mine is located in the soutlrn·est quarter 
of Sec. 34, (T. 14 N., R. 2 W .) and is seen to be on the north 
limb of the syncline whicl1 involves all the beds 0£ the China 
Creek region. 'rhis property was operated by the Centralia 
Coal Company in 1907 and E. E. Smith,• who visited the prop­
erty, reports as follows: 

"Only one coal bed is developed at this mine. It strikes 
N. 40° vY. and dips 40° SW. The foJlowing section was meas­
med at the face of the north gangway, just beyond chnte No. 
10, on the first level: 

Feet. 
Coal ...... ..... .... ................ ........ .......... l 
Shale, hard .............................. .. ..... .. ... . 
Coal (usecl as roofj ...... . ..... ... . . ................. . 
Coal .................................... . ..... ........ 7 
Coal ancl shale, carbonaceous ....... . ................. . 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1+ 

Total ......... ... .... . .......... . .. ..... . ..... .... 11 

•ibid. p. 162. 

Inches. 
0 
6 
81h 
81h 
6 

5+ 
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" The coal is brownis11-black in color, and has a reddish­
brown streak. It is massive aucl banded and breaks with an 
irregular con<:hoidal fracture. It contains a very high p er­
centage 0£ moi tm·e and weathers very readily on exposure to 
the air. 1t should be classed as a very low-grade . ub­
bituminous coal." 

TENINO-MENDOTA. AREA. 

GENERAL GEOLOGY. 

This di~trict lies just east and 11ortb 0£ the Cenh·alia­
Chehalis area and includes the mines in the vicinity of Kopiah, 
Mendota, Tono, and Tenino. Tt comprises the eastern part of 
R. 2 W .. 'r. 15 N., and T. 16 ~., and all of R. 1 W., and the 
west 11al1' of R. 1 E., in T. 1'1 r ., 'I'. 15 N. and T. 16 N. It 
thus includes about et1ual portions of Lewis and 'I'lrnrston 
counties. (See .Plale XVI.) 

This is an area 0£ greater reli ef than the district to the 
west, 8howing differences in elevation amounting to more than 
1,200 .feet. 1'he upland a1·ea is divided into tlu·ee parts by 
the flat and re]ativeJr wide valleys of the Skooknmchnck and 
Hannaford creeks. Bretz• has shown that the former was a 
temporar:,- gatewa,Y for heavily laden walers draining the ice­
covered areas to the .north and east dndng the latest 1>eriod of 
glaciation and a valley flat was built up which is out of pro­
portion to the small stream now using it. 'l'he origin of the 
Ha11n»ford Flat is doubtless to be <:onnected with that of the 
Skookumchuck, which it joins a few miles north or Centralia. 

'!'he distribution of igneous and sedimentary rocks is 
rather well indicated by the topography of the area. Tlrns 
the steep and rock)' hills in the northern part, known as 
Nortlt<:ro.ft Mountain and Holman Mountain, are underlai.u by 
basalt to tlte exclusion, so far as is known, of any of the coal 
series sediments. Similarly, Meridian Hill, on the Willamette 
Meridiau, is maintained by its core of igneous rock. 

'l'be dense forest coYering of this area makes the col'l'ela­
tion of the scattered outcrops Largely a matter of conjecture. 
For this reason later work may show the westward extension 

•Briltz, J. Harlen. 13ullelln Washington Geological Surve~· No. 8. 1913. 
pp, 43-16. 
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of the igneous boundary in T. 1± N. to have been umrnrrauted. 
It is likely, however, that the igneous rock near tl1e }1eadwa­
ters of Packwood Creek in Sec. 3 and Sec. 4 js connecLed at 
no great depth, if not along the present surface, with the mass 
composing Meridian Hill to the east. Obviously also, the re­
lation of the igneous rocks to the sediments could not he clefi­
rutely ascertained, but the evidence at hand points to the in­
trusive character of the masses exposed. 

Evidence that these are in pal't sills, and ]1ence lying ap­
proximately para.He! to the secUmeuts, is found in the fact 
that in none of tl1e several wo1·kiugs in close proximity to the 
igneous rocks have the latte1' been enco1rntered. No coal has 
been found within the areas mapped as igneous and lte11ce 
these masses are of little or no importance in mining opera­
tions in this district. 

Abot1t five-sixths of the Tenino-Mendota area is uuder­
lain by sedimentary rocks, including some t11irtr square miles 
mapped as covered and presnmably havi11g Tertiary sedim.ents 
beneath the Pleistocene. 'l'wo formations older than the Pleis­
tocene are recognized, the Puget coal-bearing strata and the 
Newauluun pre-Pnget rocks briefly described a bovc. (p. 11. > 

The stuc1y of the latter was outside the r equirements fo1· this 
report and time did not permit examination of it far be~·ond 
its contact with the younger series. It is made np of con­
glomerates ru1d finer sediments with possibly some intercalated 
igneous rocks, all 0£ which are dist inct!.,- more dense, resistant, 
and evidently considerably older than the Puget formation. 
Only a few sq1rnre miles of these rocks lie withiu the Tenino­
Mendota area and the h11own coal areas lie wholly outside 
these, hence in the delineation of boundar ies of the coal fields 
:these ar e classed with igneous rocks and so mapped . 'l'he 
Puget formation is apparently tmconformable with the older 
roeks wherever they are in contact, although the angular dis­
cordance between them is slight even where perceptible. 

'!'he rocks of this area have been subjected to greater 
deformation than those of tl1e districts pre,riously described. 
'fliis· has resulted in sharper folding, with more or Jess of irreg­
ularity m the trend of the axes of folds. 'l'his is es_pecially 
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true o.f lhe regio11 southeast 0£ Kopiah, where the Newaukum 
r ocks and the coal series as well are involved. 

In addition to the autieliual axis mapped south of Kopiah, 
the presence of another of similar trend is inferred irom the 
strnetme of the Ncwaukum beds in Sec. 19, ec. 20 and Sec. 
28, T. 14 N., R. l E. Attempts to locate the coal series, even 
in isolated patches, on the northern limit of th is fold were 
unsnccessful and it seems probable that if formerly present 
the.,· have been almost wholly removed by later erosion. 'l'he 
southward extension of the coal series area into the igneous 
area eaRt of Tenino can be easil.v explained as resulting from 
the ei·osion of the overlying basalt mass on the east of the 
anticline, which is indicated in data obtained on all outcrops 
from Clear Lake to 'l'hompson Creek. A slight cross-folc.ling 
carr.ving the sediments belo1-v the present erosion plane along 
Salmon Creek and bringing them up agaiJ1 along the Skookum­
ch11 ck completes the structure in thjs r egion. 

Faulting is common lhroughout the area, the coal seams 
in most mines being displaced somewhat. So far as knov,'11 
these are in all cases hig-h augle faults ana are to be related to 
tensional rather than compr essive stresses. Usually the amount 
of displacement :is small in any one fanlt, but faults of over 30 
feet are known, as in the Hanna£o1·cT No. 1 Mine at Tono. 

'raken as a group the coals of this distrfot are of essen­
tially the same rank as the coals of the Centralia-Chehalis fieln. 
'l'he difference in deformation to which the two districts have 
l1een subjected is not great enough, or at least not localized 
enough, to cause any marked difference in the quality of the 
coal. Furthermo1·e lhe coal tbat is perliaps the besl. in the 
field, that from Tono, has been subjected to as little folding 
as any. The commercial superiority of this field, which has 
for ~·ear s been th e biggest producer, probabl.,· lies in t he 
greater t11icknesscs of clean coal between shale partiugs 
rather than in a marked superiority of the coals in general. 
Little can be said as to the available tonnage in thi'> area. Fig­
ures as to the extent of the seams now worked are largely 
conjectural, but that a substantial tonnage can be ruined is 
uot douhted. Ou ruost _properties there are several seams, on 
the average as good as those mined, which can be utilizecl in 
f11tnre operations. 
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DESCRIPTION OF MINES. 

GREAT WESTERN MINE. 

'rhe Great Western property is located near the center of 
Sec. 35, 'l'. 16 N., R. 2 W., and hence is about two miles due 
so uthwest of Tenino. This mine has not been in operation 
since 1909 aud little could be learned on the property. The 
foJlowing statement is taken from a report made by E. E. 
Smith:* 

"'fhe coal bed lies very nearly horizontal. At the en­
trance to the main gangway it dips very slightly (1 ° to 2° ) to 
the east, while at the far end of the gangway tbe bed has about 
the same d:ip in the opposite direction, so that the gangway 
passes th rough a syncline near the center 0£ the workings. 
Tbe heel is th.in, and is subjected to considerable pressure, so 
that a great deal 0£ rock work is necessary in the gangways 
to keep them open. The following sectiou was measured at 
the place where the sample (9987) was taken: 

Feet. Inches. 
Sandstone, white ..... . .................... ........... . 
Shale, hard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21h 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Shale, with irregular lenses ot coal . . . . . . . . . . . . . . . . . . . . 31h 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Shale, brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 
Clay, yellow, soft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Shale ............ ... . ... ... .......... ................ . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 6 

This mine ·was opened in 1903 by tbe Great Western Coal 
Company. Operations were brisk £or two years, then fell of£. 
During 1907 it was worked by the Pacific Coast Coal Com­
pany and later by the K eystone Coal Company. After lying 
idle for a year or more it was operated on a small scale by the 
King Coal M.iniJlg Company for one year, when a receive1· was 
appointed for the company. 

BLACK BEAR MINE. 

The Black Bear Mine was located on the nortl1east quar­
ter of See. 31, T. 16 N., R. 1 W ., about two miles southeast of 
Tenino. The workings can not be entered at the present time 

•Smith, E. E. Bulletin U. S. Oeologlcal Survey No. '174, 1911. p. 198. 
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and onl.v meager data were obtained. A ectio11 measured by 
Smith" was as follows : 

Feet. Inches. 
Shale ....... . ................... . ..... . ... .. ........ . 
Shale, carbonaceous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3* 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 
Shale, spongy, varies from 1 to 2* inches . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81h 
Shale, spongy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal .. . . .. .. . .. .. . .. . . .. .. .. . . . .. .... .. .. . .. . ... .. .. . . 5 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 
Sha le . . .. . ........................ . .... . .. . . . . . ...... . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 2* 

The mine was opened in J 907 by the Tenino Coal & Iron 
Company and oper ated £or two years. In 1911 it was operat­
ed by Graham Brothers, a new slope having been opened. 

MAJESTIC MINE. 

'rhe property of the Majestic Coal Company lies on the 
southwest quarter of Sec. 18, T. 15 N., R. 1 E., about nine 
miles so11theast of Tenino on the south side of a small valley 
tributary to the Skookumchnck. 'l'he beds here dip southwest 
about ~0°, although at the mine opening the dip jg steeper. 
A small fa1llt was encountered 65 feet from the entrance, but 
the coal below was fom1d intact. The mine is openetl b.v a 
slope treuding S. 35° W . 'rhe pitch is 45° at the entrance but 
lessens wil.h depth. At the end 0£ the slope, 440 feet, the dip 
is less than 20°. A section measured in an exposm·e uear the 
slope, but believed to overlie the seam mined, is shown by 
Figtu·e 6a. TlLis urine was opened in 1911 but p1·odueec1 only 
dur ing that year. 

On the low hills just south of 'rJ10mpson Creek, in Sec. 30, 
T. 15 N., R. 1 E ., coal ontcrops in severa 1 places and has beeu 
found by drilling operations in Sec. 19 of th.e same township 
and on Sec. 25, a half mile to the southwest in R. 1 W. 

SKOOKUMCHUCK M I NE. 

The Skookumchuek Mine was located in the northwest 
quartJr of the northwest quarter of Sec. 8, T. 15 N., R. 1 V{. 
Th.e beds bcre are nearly flat-lying, having a dip of 8° to tht} 

*Ibid. p. 197. 
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south on a strike N. 80° E. 'l'he property cou1r1 not be en­
tered and no section was measured. The roo.f' is sandy shale, 
with seven leet 0£ a reported il -.foot seam visible. •r11e mine 
was t penecl by an incline which is r eported to extend 200 feet. 
No data as to the history of the property was obtained b11t 
the m.ine has evidently been 1011 g a baudoned. 

BUCODA MINE. 

The old Bncocla Mine was located in Sec. 18, '£. 15 N., 
R. 1 W., at a hou t the center of t he 11orthwest quarter. 'l'he 
beds here are nearl_v flat-lying with a clip oI only 5° to the 
east. " ever al seams o.f clean coal were reported, one seven .feet 
six inches and another of 12 .feet. A fault of nine feet was 
encountered some distauce within the mine. The beds ,vere 
apparrntly under strain as it is reported that the floor of 
this mine raised so that considerable rock work was necessary 
to keep it open. 

This was the ffrst mine 011ened i.11 this field and bas hacl 
a long history. First operated by Federal pri1;oue1·s w1dcr 
contract by Billings, Smith and Sbea,l fo the late seveniies, 
it was reopened about 1887 by the Nori It west Coal Compau3r 
an<l was at that time the only mine operating in the clish·ict. 
'rhe Bucoda Northwest Company took charge about 1892, but 
the mine was closed after 1895. This same bed was ,Yorked 
in the Sunshine Mine by the Bucoda Coal Company in 1914-
1915 a11d again by the Riclunoucl Brotl1crs still later. No 
section could be mcasm·ed at the mine, but Landes• gives the 
following sect.ion : 

F eet. Inches. 
Sandstone roof .. . . ..... .. .. .... . . .. ... . ........... . .. . 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 
Bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . l 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6 
Bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 1A 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 
Sandstone floor .. . .... . ..... . ........................ . 

Total ............................................ 8 ~ 

Au analysis of the coal reported at that time showed it to 
have a hi.~b percentage of fixed ca1·bon, verr low (2.3) per-

"Landes. Hen!:l. Annual Report, Wai;hlngton Geological Survey, Vol . 
I , 190\. Pia.le XX v. 
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centagc of moisture ancl a moderate ash content. Because tbjs 
analysis is not known to be comparable witl1 the others £or 
whic! a standard method of sampling was required, it is not 
included among the tabulated analyses of Appendix C. 

WASHINGTON U N ION MINE. 

1'he proper~' of the Washington Un.ion Coal Company 
( ro. 4 on Figure 1) is located at 'fono on Sec. 20 and Sec. 21, 
('r. 15 N., B. 1 W .) . The strata clip at low angles toward the 
mine. A peculiat· feature of tl1is region is the extent and 
character of the faulting to which the strata have been sub­
jected. The displacement in general is greater toward the 
center of the area from all sides, making a simple stTUctural 
basin. The depression of the center is fui·ther slio-wn by the 
fact that in the faults at th e north side of the basin the north 
side is upthrown, while in the southernmost displacements 
the south side is upthi·o,;,;rn. (Figure 7a) . 'r he fauJt planes 
trend in gene1·al N. 85° E., no variatio11 greater than 17° J'rom 
this having been noted. '!'hey arc steeply incli.ned with pitch 
ranging from 50° to ncarl,\· 80°. r earl.v maxiimum variation 
in both trend and pitch may be observed at different places 
along the same displacement. For example, data taken on the 
northernmost .fault (No. 1, Figure 7a) is as follows : (See the 
mine map, Plate XVII, in this connection.) 

Entryway. 
No. 2 North 
No. 3 North 
No. 4 North 
No. 5 North 
No. 6 North 

Trend . 
. . . . . . . . . . . . . . . . . . . . . . N.78°E. 
...................... N.75°El. 
. . . . . . . . . . . . . . . . . . . . . . N.ss•E . 
...... . ... . ........... N.ss•E. 
...................... N.ss 0 E. 

Displacement 
Pitch. ca. 
so•s. 10 feet 
10°s . 
60°S. 12 feet 
60°S. 
63°S. 19 feet 

Dr·iU l'ecords show a probable displacement of less than 
10 feet along the eastward ex-tension of this fault. 'rhe next 
fault to the south is possibly less extensive, sh owing a more 
uniiorm trend witb a throw of about eight feet. The next 
(No. 3, Figme 7a) is the biggest fault so far encountered. 
It shows a throw of 12 feet it1 the old workings west of No. 
1 South Entry and No. 2 South Entry. Seven hundred feet 
eastwud tltis has i11creased to 32 feet, which it maintains quite 
uniformly anothet· 100 feet to the east. ,. 
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One of the gt·eatest variations in throw is found in the 
southernmost fault. (No. 7, Figm·e 7a) . In the main slope the 
south side is upthrowu 17 feet while 550 feet to the west it is 
but 10 feet and in the 5th South Slant, 200 feet farther west, 
the throw is but one and one-half feet. 

UntH the basin has been more exteusivelr worked the r e­
lations between the various displacements as well as their 
origin cannot be determiued. These are probably all tension 
fanlts and largely of simple vertical movement. No indica­
tion of I.Jorizontal displacement was noted, but it should be 
remembered that the low dip of the beds would make tlrn 
determination of even considerable liorizontal movement dif­
ficuJt. Slickensides and cleavages induced in the gouge alike 
are esseutially uuiionn in verticality. 

The development of a structural basin with greatest dis­
placement in the middle and the uniformity in the trend of 
the faults point to an origin connected with normal slumps of 
the beds incident to the conversion of the burjed vegetal mat­
ter to coal. Obviously the fracturing of the coal now being 
mined is to be related to coal seams stratigraphlcally lower 
in the series. The presence of some such . eams is akeady 
known from drill records. There remains in doubt, however, 
the position 0£ the faults in the area, not yet delimited, which 
was originally covered by this series 0£ beds, and ftu·ther, the 
1·elation of the faults to the variation in the thickness of the 
coal seams is undetermined. 

Whatever the cause of the faulting, it has resulted with­
in the mine in a natural divisio11 of the coal into a series of 
long relatively nanow blocks extending in a nearly east-west 
direction. .Although the data is not complete it seems prob­
able, also, that it has resulted, on the surface, in a series of 
nearly east-west gullies parallel to, and co-extensive with, the 
major faults below. 1'he scale of the profile of Figure 7a is 
not large enough to show these sm·face depressions. 

A section of the seam now worked shows it to comprise 
two benches called the Upper a.ud Lower, or Mining, benches. 
ln Room 7, 2nd Entry, 2nd Main Slope, where the seam was 
sampled for analysis, the section, shown by Figure 6b, was 
measured. 
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Sample 29566 was taken from the uppel' bench; No. 29567 
was taken from the lower bench. Samples 9089, 9573, 9095, 
9094, 9096 and 8752 were taken by E . E. Smith• and the fol­
lowing extract from his report is inserted to explain the varia­
tions shown u1 the analyses: 

'' Samples 9089 aud 9573 were takeu from the upper 
bench, about 150 feet up the slope, iu room No. 7 on the second 
level s011th. The one-inch shale at the bottom of the bed forms 
a parting between this bench and the lower bench, wh:icb 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 u1-
cluded in the sample. Sample 9094 was collected at the en­
trance of room No. 12, on the first level noTth. The coal was 
slightly moist, owing to seepage from the overlying rocks, and 
was seal ea in the can before it had a chance to dry; the 
analysis of th.is sample should therefore show a slightly higher 
percentage of moisture tlian the analysis of a sample in a 
nol'lual condition. 'l'he beuch at this place contaius four part­
ings, 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 0£ ash, on1~- the lower 
two partings were inclnclec1 in the sample. ample 9096 was 
taken at the entrance to room No. 8, on the second level north, 
at which place the bed contains fom distinct p,wtings. In 
order to obtain a. representative arnount 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. l mine, taken at Pitts­
btug .from two cars ·which had been on the road from three 
to five weeks. • ~ • 

'' Samples 9089 and 9057 "·ere taken from the same place 
iu the mine, but there is a very notable difference in the heat­
ing value and the amount of moisture of the air-dried sam­
ples. Sample 9089 ·was taken • • • wl1en the coal was 
being mined from the upper bench in this room1 and was ex­
posed for a few hours dm·ing transportation to the office, but 

•Smith, E. llJ. Bulletin U. s. Geological Survey No. '17 •1, 1011. pp. 195-G. 
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it was sealed immediately thereafter and was for"varded to 
the laboratory in au air-tight can. Sample 9573 was taken by 
r emoving the surface coal and cutting a £resll cbanuel at the 
side of the old channel from whieh No. 9089 was taken. Pre­
vious to the time when it was obtained • • • it had been 
exposed to the mine atmosphere £or about nine weeks. A 
comparison of the amount of moistur e m these two samples 
as received and :in samples as received from the other part-. 
of the mine indicates that only a little moistu re evaporated 
from either sample 9089 or sample 0573 during exposure to 
the atmospher e. 'file moistm·e in these two coals, as shown in 
the samples as Teceived ancl in the same samples air dried, in­
dicates that, although the total amount of moisture was the 
same, its relation to the coal had been cl1anged so that i t 
conld not be dr iven off at the 01:clinary temperatm·e used in 
the r egular method of air dJ:ying.'' 

This mine was opened in 1907, only development ,,ork 
havjng been carried on in that year. Since then the mine has 
steadily increased its annual production with the single excep­
tion of 1910. 1'he average daily production is about 900 
tons. It has £01· years been the largest producer in south·west­
ern Washington and is i.u many respects tile best planned a11d 
equipped. 

The mine is opened by a slope or entry driven 50° east, 
across the dip of the coal on a slight g1·ade. From this entl'y 
slopes, or planes on the foll dip of the coal, have been turned 
off. These, in turn, have cross-entries openecl from them, thus 
dividing the mine into a series of panels each of which is 
mined independently. 

'rhe cross-entries are d riven practically parallel to the 
main slope, and, like the principal openings, are driven in 
pairs. 'rhe room and pillar method is employed u.1 mining. 
Rooms are turned from the entries up tl,e clip which js low 
enough to permit the mine cars to be ta ken directly Lo the 
wo1·king £ace. The entry and the air-course are eight feet 
wide, separated by a 30-foot pillar. Room necks are 10 feet 
wide for a distance of 12 f eet, where they are widened to 24 
feet. Room pillars are 26 feet wide, thus making the rooms 
50 feet apart on centers. Cross cuts are driven at 25 feet and 
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50 feet from the entr.r in alternate rooms, making the stump 
pillars variable in length. I:u some parts of the mine, rooms 
have been turned directly from the slopes or planes parallel 
to the strike of the coal. 

In the advance mining the top coal is left in the rooms to 
suppo1-t the roof, but it is entirely removed wh.en the pillal' are 
drawn. 'l'he pillar coal is taken out as soon as each section 
or panel is completed, retreating from the inbye side of the 
panel towards the slope. ~Pile entr.r pillars a.re also drawn as 
soon as practicable. 

The coal is hoisted to the tipple and dumped onto six­
inch bar screens. 'l'he oversize is sold as hunp coal to the 
domestic trade when the coal is not required by the railroad. 
The nndcrsize is shipped as locomotive coal. 'rhe lump coal 
can be by-passed to a crusher and broken down to small sizes 
wbich are shipped as raih·oad coal in times of great demand 
.for this coal. 'l'he mine is on a branch of the 0-W. R. R. & N. 
Co. line from Centralia, ancl is practically a railroad mine. 

FREEBURN MINE. 

The Freeburn Mine (No. 6, Figure J), opened b.v the 
F1·eebtU"n Coal Compau~- in 1916 and overated by the Olympia 
Coal Mining Company during 1917, is located in the south.­
west quarter of Sec. 28, (T. 15 N., R. 1 W.), near Packwood 
station on the Centralia Eastern Railroad. 'rhe strata dip 
at 10° to the northeast on a N. 50° W. strike, being on the 
northeast limb of a low anticlinal fold, on the southwest limb 
of which the Mendota Mine is located, in Sec. 3 to the south­
east. (See Figme 8) . The workings are on a 12-foot seam 
which has several partings of shale and bone. No anal.vsis 
,-vas made of this coal. A section along tl1e slope is shown by 
Figme 9a ancl Figme 9b. 

A seam of eight or nine feet of clean coal is reported to 
lie above that which is being worked at present. The gen­
eral development at the time of examination was a slope bt>ar­
ing . 40° E. on an initial dip of 13°, but less steep 100 :t:~et 
in. A few cross-cuts from which a small amotmt of coal is 
being shipped have been made from the slope. The average 
daily production is about 30 tons. 
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About two and one-half miles east of Packwood, along 
Snyder Creek, coal is exposed in a hillside north of McChes­
ney 's ranch, in the southwest quarter of Sec. 26, 'r. 15 N., R. 
1 W. The coal here dips 30° to the east on a nearly north­
south strike. 'l'his coal has been utilized for domestic pur­
poses by the ranchers nearby for several years. At the face 
of the open cut the following section was meastu·ed : 

Feet. 
Shales, tWn, sandy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shales, carbonaceous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal, lignitic, bony in part . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Shale, bitumino11s . . .......... . ......... . . . . .. . .... . .. . 
Sandstone tloor ... ..... . .... . ....... ............... .. . 

MEN DOTA MINE. 

Inc.hes. 
6 
6 
0 
3 

The Mendota Coal & Coke Company property ( o. 5 on 
Figure 1) lies in the east half of Sec. 3, T. 14 N., R. 1 W., at 
the town of Mendota on the Cenh·alia Eastern Railroad. The 
mine is situated on the south limb of a low anticlinal fold, the 
beds dipping about 14° to the southwest. (See Fignre 8) . 
This inclination is considerably lessened wlth depth, the 
soutllernmo t portion of the mine being near the trough of a 
syncline, as shown in Figure 7b, a djagrammatic structure sec­
tion and a profile compiled from the mine map and topo­
graphic sheet. 'rhis simple structure is somewhat complicated 
by a fault trending nearly due east-,Yest, which bas been met 
in the north end of the mine. The north side of the fault shows 
an apparent movement to tbe east of over 100 feet in the 3rd 
Level South, but less than one-fourth that amount in the 1st 
Level South. (Plate XVIII) . With their low rup the strata 
would show this high net displacement as a result of a com­
paratively small vertical movement, the north side having been 
r elatively depressed. A glance at Figure 7b makes it evident 
that a dip fault, i. e., one parallel to the structure section, of 
small amplitude would produce a relatively high horizontal 
displacement which would be greatest where t he original dip 
was least. If thfa was the actual motion a decreased dip 
farther to the south wm show a correspondingly increased 
horizontal separation of the ends of the fractured coal seam. 
E xtension of the present mine working is necessary to the com­
plete unclerstandfog of this fault. Several coal beds are ex-
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posed ou the property, but only the one at present being 
worked was sampled and measm·ed. A section of this seam, 
350 feet inside, at the £ace of No. 5 North gangway, where 
sample 29565 was takeu, is shown by Figure 9c. 

E. E . Smith• says of this coal: 
"'1'he coal is grnyish black and has a reddish-brown 

stl'eak. It is massive and banded and breaks with a conchoidal 
fracture. lt slacks readily upon exposure to the air, owing to 
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the lm·ge amollnt of moisture it co11taius-an amount about 
etrual to that of the coal from the Ilauuaford Mine. It has, 
however, less fixed ca1·bon than this coal, a greater amo1rnt of 
ash aud sulphur, and a lower heating value. It has consider­
ably less moistlll'e than the coal iu the vicinity of Chehalis 
and will probably stand transportation better·. I t shonld be 
classed as low grade sub bituminous." 

'rhc Mendota Mine is, ne:.\"t to the Tono Mine, the most 
extensively developed one in this district. It is opened by a 

•tbll.1. p. 161. 
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slope iu the coal which cuts across the scam in a S. 45° W. 
direction until the flatter portion of the seam is reac·h ed . The 
direction is then nearly west across the flatter dip of the 
coal. 

'I'he general mel-hocl of mining is room and pillar. Levels, 
10 feet wide, having a north-south direction, have been openecl 
on each sicle of the slope. Above tl1c gru1gway a 60-foot. pillar 
is left and an air-course eight feet wide is ch·iveu parallel to 
lhe gangway. Room necks are opened eight feet wide and 
the rooms enlarged lo 20 feet with 80-foot pillars between. 
A cross-cut, six feet wide. from the gangway to the aircourse, 
is driven opposite the center of each pillar. 'l'he rooms a'l'e 
dt'iven face-on and t.he coal is pai-tiall.r mi11ed on one side and 
then hlowu down by black powder. A large amount of lump 
coal is made. 

T11e coal .from the mine is prepared by sci·et'ning and 
w.aslting. From the tipple the coal p;u;ses ove1· a shaker screen 
witb two and 011e-qna1·ter-inch round openings. The over-size 
is Sl'nt to anothe1' shaker scree11 where lump aml egg sizes arc 
made. The u11Cler-size of the original screen is senl to Blair 
jigs .for washing, after which t11c washed product ii; srrecnetl 
into nut and fi11er sizes. 'L'he l'.low-sliecl of tlJe scr eenings and 
wasltiug is shown below. (Figure 10). 

'l'ltis pi-opel'ty was openec.1 up in HJO by the 1\lendota 
C'oal & Coke Company, who have operated it continuou. ly 
ever since. 'l' he production was at its maximum in 1910-1912, 
inclusive, but bas been increasing again since 1915. 'l'he 
miue has an average dail.r production of about HOO tons. 

KOPlAH AREA. 

EMPRESS MINE. 

'fhe Empress oline ( '(). 9 on Figure 1 ) is located on the 
11orth half of the southwest quarter of l:\ec. 8, •r. 14 N., R. 1 
'\V., cm a spur of the Eastern Railway & Lamber Company's 
line, ·which ru11s east from Ceuil'alia u1) the , 'outh Fork of 
H annaford Creek. This is a mile from the axis of the anti­
cl inal fold be1ween tb_is and the l\Ien<lota :\fine and I he strata 
l1iwe a very low (-1-0

) dip t.o the soutlnYest. (Figu re 8) . 

-4 
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.At the time of the visit, in 1917, this mine was not being 
ruu, conseque11tly the . eam wa. not measured nor sampled, 
no1· lhe method of mining recorded. 'fhe data from a previous 
visit show that the 12-foot coal seam, wl,icb lies under 77 feet 
of cover, i opened by a 90-foot shaft with gangways extended 
OVCl' 1,000 feet. 

'.l'l1is mine, formerly called Benuigbt's Uine, was opened 
in 1913 by the W ashingtou Coal & i\Iining Company. After 
two years the Empress Coal Company was fol'rnecl and since 
1916 the Centralia Coal Mining Companr has operated the 
property. As yet the average dally production is small, 
amounting to less than 100 tons. 

MONARCH MINt_ 

'l'hc 1Ional'ch Mine (No. 8 011 Figure 1) is located on the 
northeast quarte1· of Sec. 17, T. 14 N .. R. 1 ·w., and i. rcacbecl 
by the Kopiah spur of t]1e Easleru Railwa~· & Lumber ('0111-

pany 's line. 'l'bis property is a little neal'er the crest of the 
Kopiah anticline (Figure 8) and the strata show a somewhat 
gt·eater clip than those of the Empress i\fiT1e. They strike N. 
47° Vv., dipping 10° to the southwest. 'I'lu:ee seams, the up­
per seven feet six inches, the mirlclle £our feet six inches, and 
the lo"'el', 14 feet, are 1·eported to outcrop on the property 
and several more to lie below these. 1'be uppermost is being 
\VOrked at the present time. At the face of the pJa11e, where 
sample 29570 was taken for analysis, the section wa. meas­
ured wh ich is shown by Figm·e lla. 

Above this seam is found six inches of tl1in-bedded black 
shale, then £our feet eight inches o.J: hard shale, and . .finally, 
a soft sandstone over all. Below tlle seam is a sh·atum of 
grayish blue fae clay, one foot six inches in width; next, one 
foot two inches of yellow clay, and tl1 in-bedded .vellow sand­
stone below the rest. At the outcrop the coal has been burned 
back 50 feet or more, the overlying andstone being fused to 
a slag while the underlying fire clay was hardened to a bluish 
flinty mass. 

This coal is ratl1er bard, breaking with a couchoidal frac­
ture. It is black, of brownish sh·eak, anc1 has a some"·hat dull 
luster when fresh. It slacks rather slowly iu the air, la1·ge 
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lumps after two months' exposure beginuing to show the dis­
integration into small cubes characteristic of the coal in this 
region. 

The mine is opcued by a 10° slope on the full dip of the 
coal in a S . 45° W. direction. Levels have been .formed from 
the slope and rooms opened from these. 'l'he coal is mined 
at the bottom with a 12-iueh. cut made by a punc:lier machine 
and then is blasted down by powder. .At the present time 
the development is by planes driven from the outlt Level, 
bearing S. 25° W. on a 7° dip. F1·om these plane , it is the 
intention to drive rooms 24 feet wide at 25-foot intervals, 
hoisting the coa l to tlie main level and then tramming it along 
the level to the surface, where a new plant is to be erected. 
The old slope will then be a ban cloned. 'rhe projected develop­
ment calls .for planes at 600-foot intervals, thus giving rooms 
300 feet long on each side of the plane. 

Preparation at this plant at pl'esent is very simple. The 
coal is sc1·cened over three-inch and five-eighths-inch, round 
opening screens, proclucing lump, nut and slack coals. 

The mine was oper1cd in 1913 by tho l\Ionaroh Coal Com­
pany aucl, except in 1914, has been prodncing 0 11 a small scale 
ever since. lt was leased hy the Agnew Fuel Compau>· in 1917. 
The average daily output i.s about 60 tons. 

KOPIAH MINE. 

Tl1e Kopiah Mine is located in the southwest quarter o.f 
Sec. 10 and the , ontheast q11arter of Sec. 9 (T. 14 N., R. 1 W. ) 
on a spur of the Eastern R ailway & Lmnber Company's line. 
Th is is on the north limb of tl1c Kopiah anticline, the beds 
dipping 10° to the uorth. This mine was opened w 1905 by 
the Wilson Coal Company, which operated with a fafrl,\- steadr 
annual production until 1912, whet1 the ,'un hine C'oa l Com­
pany took it over. In Hl13 it -was mu by the Kopiah Coal Com­
pany, a co-operative association, succeeded iJ1 1914 by the 
Lewis ( 'onnty Light & Power Company. ro report has been 
made since that year from this mine aud at the time of visit 
its f looded condition did not permit examination. 

Coal outcrops iu a scor e of places along the south limb of 
the Kopiah anticline and, in a Lesser number, on the north 
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l i.m b. On the latter the more resista11t basalt overlies the 
beds, which have low iuclinaLion. )lan.,· of lhe prospects in 
Sections 5, 6, 7 aud 8, nortln,cst of Kopiah, were examined, 
but excavation had not been carried iar enough to make the 
measUt·ement of sections practicable. 

Exposu res, in Sections 15 a11d 22, macle in logging opera­
tions in 1913, showed lignite seams three and four feet thick. 
These were examined but were found to be decidedly lenticu­
lar in form, some beds, several feeL thick, pinching 011t en­
tirely within 30 feet along the dip. lt is not k11own what re­
la tion these beds have to those of the mines and prospects to 
the west, but they may be brackish water and interbedded 
marine sediments of la Lcr time, to be corrcla ted '"ith tllose 
found in the vicinity of \Vinlock and Y-ader. The iuterveuing 
area is practically without outcrop. 'rhe :-.trata snow some 
fairly fossiliferons bru1tls, but time did 11ot permit collection 
from them. 

Near the junction of Buck£ork Creek and the North Fork 
of the Newaukum River, in , 'ec. 13 and 8ec. 24 (T. 1-l N., R. 
1 "\V. ) coal is .fre(ptently fouml in the sandstone-shale series 
which just overlies the Newattku.m formation outcropping to 
the northeast. 

The coal series here has been sub.jectecl to considerable 
folding, which has given lhe strata a contorted structure. In 
geHeral the trend of the folds is northwest, the beds dipping 
southwest, but local strike variations o.f 70° are met within 
250 feet. The coal seams are abundant, most of them being 
from one to three feet thick. Some are thicker, but the larg­
est seams reported wil1 be found £re4nentl~·, and perhaps al­
,~·ays, to be formed by tJ1e doubling of the coal upon itself as 
a tesult o.f the close folding. In these masses the coal shows 
the fracturing and shearing which such de.formation produces . 
.A. section typfoal of this area, taken in the nortlleast quarter 
of Sec. 24 ('l'. 14 N., R. 1 W.), witl1 approximate measure­
ments, is shown by Figlll'e llb and Figme llc. 

The coal 0£ some seams is apparently of high subhitTI­
minous rank, and careful prospecting in the lulls north and 
west, toward :Mendota, might r eveal coals of better grade than 
those now being roiuecl. It is probable, however, that these 
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when found may prove to be of too limited extent to warrant 
their exploitation. 

To the southeast the diastrophism has been more severe. 
The outcrop of the Newaukum formation, in the southeast 
quarter of Sec. 36 (T. 14 N., R. 1 W. ) rep1·esents a mass ex­
tending some miles southeastward (unmapped on Plate XVI ), 
which is brought to the surface by a sha1·p fold. '!'be coal­
bearing strata to the northeast have been caught between 
these masses 0£ resistant Newaukwn rocks and forced into a 
close downfold. This has resulted in high and in part vertical 
dips toward the axis of the fold, the less resistant shale and 
coal layers showing crumpling and shearing not exhibited by 
the harder strata. In the scarcely consolidated sandstones 
there appears to have been more or less of adjustment by a 

sort of flowage, leaving them as structm·eless masses occu­
pying their normal -position in the sedimentary series. Be­
cause 0£ this the outcrops of sandstone are rare except in 
st1·eam beds and, ,-vhere found, seldom reveal their attitude. 
Where not crumpled and sheared the coal of this portion of 
the area is of good grade and would be placed in the low rank 
bituminous class. 

Typical of these prospects is one near the southern cor­
ner of Sec. 30 (T. 14 N., R. 1 E.) where a dump of considerable 
size was found. No trace of the workings could be found, 
but probably a drift 100 feet long had been made. The creek 
showed no ledge rock, although float pieces of good coal were 
abundant. 
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CHAP'rER V. 

DETAIL~ OF 'l'IIE VAR IOUS .1;\REAS; II, EASTERN 
POR'l'10r . 

CINNABAR A REA. 

OENERAL GEOLOGY. 

'l.'his area adjoins the Tcnino-l\Iendota area on the west 
and extends east\vard about 12 miles, thus including the area 
.from the middle of R. 1 E. to the middle of R. 3 E, in T. 13 N., 
and the lower tlii.rcl of 'l'. 14_ N. (Plate XIX.) 

'l.'l1e relief of this region is pronounced, the uplands in 
the nort11em part hcing nearly 2,fiOO feet above the lower 
lauds lo the southwest. 'l'hc low-lyiug portion is confined to 
tbe level flats of 1110 Tilto.1.1 River, ~Iill C'reek, the Newanlmm 
Rh·er. and its trilmtary, Kearney Creek. 

Igneous rocks occupy a prominent place in this clistrict 
and are f'om1d in the hilJy area son I h of the 'l'Hton as well as 
in the higher lands of tl1e north . They are thought to be in 
large part inh·usive into the Ne,-..-auln1m and Pu~et series, 
but the p;rncity of exposures leaves their relations in clonbt. 
It is not known how much of the district is occupied by the 
Xcwanknm formation, which here shows some quartzite and 
carbonate phases not folmd elsewl1ere. 

After snbtractiug the concealed area from that remaining 
it is seen that only a very 1imited po1·tion of th:is dish·ict is 
kuo-wn to be underlain by tl1e Pngei formation. This is found 
to have essentially the same lithologic character as where 
£onncl farther west iu the Tenino-Mendota a1·ea, but the strata 
are. on the whole, better cemented a:nd sl1ow greatel' rci;;ist­
ance to erosion. A a rest1Lt they are found in the ,1plands to 
some <'Xtent, although they are not known to outcrop at any 
great elevation in this .field. 

The whole i,eries has been folded and cross-foldecl with 
relatively inb·icate areal patterns resulting. Intrusions, cut­
ting off some portions of the P uget r ocks from ihe main mass, 
have increased the complexity of the structme. 'l'he north­
west-southeast trend o.f lhe major folds is maintained, so that 
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most of the exposm·es show the beds dipping to the north­
east or to the southwest. In the north central part cross fold­
ing has made the inclination of the beds less steep locally, as 
along the Newai1kum River in 'l'. 14 N. In the southeast por­
tion, along Sherman and Bear creeks, the folding is more 
pronounced. Some faulting has occurred ill this district, but 
the areal distribution of th e .formations is almost wholly, it 
not quite, independent of it, indicating that tl1e existing frac­
tures are of minor importance in the general structme. Lo­
cally, however, faults have caused the loss of what would 
otherwise have been impo1tant coal beds. 

Tl1e rocks are so poorly exposed in this region that con-e­

lation between sections in adjoining valle.rs was fom1d im­
possible and for larger areas was not attempted. Many seams 
of coal arc known to exist, several of them being six feet or 
more in thickness, but their extent, either along the strike 
or down the dip, i~ problematica l, sh1ee a given seam mar 01· 

may not be identical with one ex.posed a few hundred yatcls 
distant along the strike. 

OESCRCPTION OF PROSPECTS. 

No mines are being worked in th is district at present, and 
in most 0£ the prospects the small amount accomplished, or 
the time that has elapsed since operations were canied on, 
has r endered the data available of little value. 

Althot1gh it has been prospected to a considerable extent, 
the coal of this area is not well known, because the heavy 
forest covering practically confines the outcrops to the bed 
of the streams ·which are neither powerful nor very 11umero11s. 
Wherever located, however, the coal is of bituminous rank but. 
llas been ahnost universally subjected to such severe deforma­
tions as to make it of little -value. 

fo the C.'\.'treme no1·tl1western portion the coal beds are 
identical, in all es. entials, "Tiith those fow1d to the northwest 
and described in the section on the 'l'enino-lV[endota area. 'l'he 
only structmal difference is in the presence of igneous rock, 
which probably was intruded into the coal series. To the 
south, in . ec. 8 and Sec. 9 ( '11

• 13 N., R. 1 E.) the coal has been 
found by prospectiug. I t was not of gootl grade, ho,-vever, a 
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subbituminous rather than bituminous coal, as would be ex­
pected from its position outside the area of marked diastro­
phism. By way of comparison, it is worth while to note that 
the coal found about two miles to the east, in ec. 10 and Sec. 
11, is of bituminous grade, sh.o""'ing a high. degree of resistance 
to weatl1ering. After several years' exposure large blocks of 
it reruained firm and fairly bright in luster. A section from 
t.be southwest quarter of the north,rnst q11arter of Sec. 11, 
measured in the bed of the creek, i'3 showo by Fig1u·e 12a. 

A six aud one-half-foot seam of iropme coal on Sec. 10, 
one quattel' 0£ a mile west of that just mentioned, appears in 
two small creeks just above their junction in the southeast 
quarter of the northeast quarter, gave the section shown by 
Figure 12b. 

The coal-bearing . trata in the 11ortheru part of T. 13 N., 
R. 2 E., are involved in a syuclina1 fo ld and ha.ve very limitecl 
areal extent, as a consequence of their erosion .from the anti­
cl ines to the uorth and south, wl1ere the underlying Newaukum 
series jg exposed. While the structlll·e and, necessarily, al);O, 
the areal relations, of the rocks of the region al'c somewhat in 
doubt, the coal series probably does uot extend far east of the 
line between sections 8 ancl 9 of th.is township (T. 13 N., R. 
2 E .) . North o.J: t ltis point a low antielinal fold brings tl10 

Newaukum strata to the stu·face for several miles. '!'he Puget 
series, however, is found ontcroppiug again just north of the 
boundary of the map, Plate XIX. fo the south }1alf of Sec. 
22 (T. 14: N., R. 2 E. ) a coal seam was worked in the late 
nineties. IIere the strata have a low northerly clip while the 
Newaukum rocks outcrop a short distance to the south . 

'rhe coal series, if not conbnuous, rcappca1· in sections 
10, 11, 14 and 15, two miles to the south.east, and are fow1d, 
also, in greater or lesser amount, in the valleys of all the 
creeks flowing south from the rough uplands in the north­
eastern part of this area. On one of these, Sherman Creek, 
coal is .rouud in several seams in Sec. 18 (T. 13 N., R. 3 E .) 
Hero the structure is complex, the beds are steeply inclined 
and, in aclclition to having been faulted to some extent, l1ave 
bee.11 intJ:uded by andesitic porphyries. 
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It ,ms not considered practicable to map this portion in 
detail, and the areal relations shown on Plate XIX are sh·ictly 
diagrammatic. 

Four prospects al'e fom1d along trus creek. In the north­
ernmost, located in the northwest qnarter of Sec. 18, about 
three-t1uarters of a mile .from the County road, an open cut 
has exposed the seam for a clist~ce of about 15 feet. The 
coal an.d associated bone are here intimately comiugled. A 
sill ( ?) of porphyr,v overlies the seam, ,rnd .fragments of coal 
are found with porphyry adhering to them. 'l'he base is not 
exposed. The bed has been gi·eaiJ.,, increasecl in thickne. s by 
crumpling, but was originallr probably five or six feet thick. 

'l'he prospect next downstream is on a coal seam whicl1 
is p1·obably 100 feet lower in the :c;erics. Here a drift enters 
the bilJ , . 40° E. a long the seam. 'rhis could not be entered, 
hut the material on the ratbei· extensive cltlmp indicated that 
couditions csMutiall~· the same as those up the valley were 
eucouutet·ed iu this prospect. Soroe small piec<'s of vcr.,- good 
coal were fountl. Plant fossils are fotrnd abuutlautly in cer­
tain strata near this prospe<'I . These fossil!. are similar to 
those fotmcl near Kendal], Whatcom Co1.mty. ·washlugtou. At 
the th ircl prospect, a short distance downstream. there is a 
cross-cut reported to extend abo11t 600 feet jn a N. 70° E. 
trcud . 

.At the foUJ'tb prospect, in the southwest quarter of Sec. 
18 ('l'. 13 N., R. 3 E .) a cross-cut, reportecl to be 1,900 feet 
long and to cut 10 seams of coal, trends K 70° E. This coal 
i. also associated with pol'phyry, and shows the maslling that 
was a result of folding between tho more resistant. rocks. It 
is reported lhat .fattlts were encountered i11 this prospect also. 

In his r eport on th is field in 1902 Landes• says: 
"There are about a dozen veins ontcropping on Sherman 

Creek, aml all of them have been pt·ospected more or lesr-; by 
a munl.,e1· ot short tmrnels which have been driven on the c1if­
ferent veins, tl1c longest beiug ::?56 feet on vein No. 5. A cross­
cut tunnel 1,900 feet long nms at right, angle. to Ll1e strata 
and bl'ings to view a munber of veins, ot1 some of which gang-

•Landes, Henry. Annual Reporl, Washington Geological Survey, Vol. 
II, 1902, p. 246. 
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ways have been driven. Vein No. 5 is about nine teet thick 
and shows at its mouth clean, hard coal, but further alo11g iu 
the iannel the coal becomes dirty in places and near the end 
of the tunnel is involved in a small fault . The coal in a1I the 
tunnels make~ a little gas, ·o tbat safet.v lamps liave to be 
used to some extent." 

'l'he coal series pt·obably extend. up the vallc~· of the Til-
1.on River, in a southeasterly clirection_ nearly across R. 3 E., 
but tile coal has 11ot been fom1d far east of Biiar C'reC'k Canron 
iu Sec. 18 ('l'. 13 N., R. ::l E.) 

··outl1 of this area the 'rilton River for several miles has 
cut a deep gorge in igueous rocks "·hich are believed to be 
lower than the sediments stratig1'apbically. In getting to the 
'f ilton River, Cinnabal' Creek ha cnt a 200-foot gorge thTough 
the same rocks (Plate VI ('), cascarling pictnresqnel,\- in a 

series of 25 to 75-fooi falls. 'l'hree miles to the south tl1e Til­
ton joins the Cowlitz after traversing a.u area in which 011!~· 

the beavy £ill iug of Pleistocene gravels appears. 'rheso stan,1 
iu nearly vertical banks along both streams nearl)' to }fay field, 
where the Cowlitz enters a gorge several miles long, cut in 
basaHic rocks (Plate JV C) . 'l'he massive walls show f. promi­
nent rectangular jointu,g. In places this is so pronounced a 
feature that it controls small, tributary streams, which subdi­
vide their waters to £low along parallel joints to the river. 

Por ueal'ly 20 miles up or dowu the Cowlitz from l\Ia.r-­
fielcl, as well as an equal distance to the west, exposures of 
the c:oal series al'e practically absent. v-Vest 0£ Onalaska, about 
Sec. 36 (11

• 1:3 N., R. 1 \,\r.) a single outcrop has beeu nott'd. 
The norlliwest trend ancl 20° dip to tbe northeast here indi­
cates that. the Puget rocks t, lerlie the Pleistoce11e clepoi:;its 
tlu·oughout the a1·en between the Cowlitz and the C'ltelrn Ii 
valleys. 

l\UNERAL LAI<El AREA. 

Gf.;NliJRAL OBOLOOY. 

This district is enclosed wilhiu a rectangle aboL1t eight by 
15 miles in extent, compl'isiug the eastern two-thil'ds of R. 4 E. 
and the westem two-thirds of R. 5 E ., in •r. 12 N., 'r. 13 N. 
and T. H N. ( ·ee P late XX.) 

This is an area of somewhat gr eate1· relief tban that of the 
Cinnabar district aud the hills reach their maximum eleva-
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tio11s in shorter distances from 1 he lowlands, wl1ich are of very 
small C!>."ient, being confined to the valleys of tile 'filton a1 1he 
soul h aud o.f hliueral Lake at 1.he north. The Pleistocene con­
ceals the earlier deposils onJy along Ute sh·eam channels aud, 
eveu there, but 1·a1·ely. Plate XI B shows the usual character 
of thl' valley filling. 'l'Jie sam<'.l older rock formations arc rcc­
ogruzcd iu th is area as in the Cinuaba1· district, viz.: Pnget, 
Ncwaukum and igneous. 'l'he latter occupy a µlace of l'elativc-
1~· g1·ea1cr impol'taucc, however, to the great.er ex<:lusion of the 
older X e,vaulrnm series. These igneous rocks arc of post­
Pu~et age as tl1ey occw· as sills and dikl's in the coal series. 
'fhe baking anrl blackening at the c·ontaet of' these intrusive 
masses was frequently observed . 

In a field classification the smaller masses arc classed as 
basalts, while the larger are more an<lesitic. 1'hc difference in 
dcg1·ee of crystallizalio11 ma~· wholly account .rn1· I his. 'L'he 
scale of the map of lhis area (Plale XX) did not permi1 the 
placing of all the smaller intrusives eucountered within th~ 
area of Pntret rocks. A . <:ore of t hesc may often be fou11d 
within a single sqnare mile. 'l'hose mapped are placed as ac­
curatcl.~· as possible. but should be iakcu as indicating the 
pl'esenc:e of many timeR iheir nwuber. 'l'he iulricacics of the 
<·ourses of most st1·eams iu this district will ue fo1wd 1 o hA 
controlled liy the strncture of these rcsi t,rnt masses. 

'l'hc· 1·et•og11izcd outcro-ps o.f the Newaulrnm sc1·ics arc re­
strictc•<l to the soutbcast portion of the are;i, all hough their 
J)l'ese11c:e heneath the coal :.el'ics farther north is evidenced hy 
their havini,; been touncl a few miles cast of }Ju1cl'al Lake. 
('e1·tain outcrops along the liue bet"·ceu R. -1 au<l R. 5 E., in 
~'. rn N .. a1·e believed to represent this formation, hcL·c broi1gh1 
u11 by folding aml exposed by the erosiou of the OYCrl)·ing sedi­
ments. A conglomerat1• at the base of the softer strata ma.,· be 
basal for the Puget rock:,. 

A proruinellt .feature of the Puget rodes in this area is 
tlteir almost cornstanl association with igneons intrusives which 
lh1vc becu itwolvecl iu the later movements. ~ot 0111.r in most 
workiugs on the coal scams hut throngl1out the area the pres­
ence of ig11eous rock nearby is evident. This relation is of 
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prime importance in the coal beds, being at once the cause of 
lowering the value of coal tlu·ough more intense shearing and 
pl'obably of improving the grade of coal through indnced de­
volatiliza tion. 

Stmctmally tho rocks of the area are involved in one 
major anticlinal fold, ,\'ith minor parallel wrinkles and cross 
folds which locally are pl'onou11ced. The axis 0£ the major 
fold is ctu·ved, trending northwest in the region about ~for­
ton, and swinging northeast and then due north in the vicinity 
of Mineral Lake. This major structure is in evidence in the 
ridge-like hills of t l1e area. Those south of Morton have a 
northwest-southeast trend, those to the north have a nearly 
east-west trend, wJ1ile those northwest of Morton trend to the 
north and northea$t. In the northern portion the ridges have 
a prominent no1·1.h-south alignment. Faulting, while more 
promiue11t than in areas previo11sly described, docs not, even 
here, become a facto r in the areal distribution of the formation 
involved. 

'l'he coal of this area is or bituminous rank, showing a low 
moisture content, and high fixed carbon, while it has a lower 
volatile content than the coals fal'tlier west. The ash content 
is high in most cases, thus briugiug down their heatIBg value. 
1l'hese coals are usually bright, show cubical fracture, and clo 
not slack upon exposm·e. That taken from some seams shows 
.fair coking properties, but tbjs is not usually the case. Cer­
tain samples are near antlu·acite or natural coke in rank, as 
shown by both physical proper ties ancl analyses. Coals 0£ 
this t)-pe are local in disti·ibntion, and are found in the imme­
diate vicinity of intrusive igneous rocks. 

The original extent of these coal seams was, apparently, 
l1ot greater t han that of those previously described. In no 
cai,,e is a seam known to be continuous for several miles. 'fhe 
folding and st1l,sequent erosion has removed muclt of the 
coal, while the freqttent interruptions of the seams, by falllt­
ing ancl intrusives, brings down the available tonnage iitill 
more. Until much more extensive pros1)ecting has been clone 
no reliable estimate of the amount of coal present can be made. 
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DESCRIPTION OF 1\'.lINDS AND PROSPECTS. 

Coal seams l1ave been found in most of the area mapped as 
sedimentary (Plate XX), bL1t the plan to locate and examine 
all of these was found impossible to follow. '!'he heavy growth 
of vegetation of all types, combined with the lack of accurate 
locations, made the task of finding any but the most receut 
pro. pects all but impossible. The assistance of guides was 
fouml indispensable in practically all cases. 

In T. 12 N., R. 5 E., several prospects were made a long 
time ago, but these have been abandoned since, so very little 
c:au be learned on the ground. Such workings were .found on 
the southwest quarter of Sec. 8, and the southeast and south­
west quarters of Sec. 6. At the latter place an incline was rtm 
on tile full dip of the seam, trending T. 85° E. and extending 
about 100 feet. A much weathered exposure at the portal 
shows the following section : 

Feet. 
Sandstones, massive, white . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Sandstone. shaley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale, bituminous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal. bony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Bone. with streaks of coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Base concealed ...................................... . 

Total ............................................. 27 

0£ this prospect Landes• says: 

Inches. 
0 
0 
6 
0 
0 

6 

'' The vein is from three and one-half to four feet wide 
and is fairly regular all the way down the slope. Short gang­
wa,.-s have been driven in both directions from the slope. • • • 
An analysis of the coal gave the following percentages: Water, 
1.57; volatile matter, 7.87; fixed carbon, 84.42; sulphm·, 1.70: 
ash, 4.04. • • • '!'here are six other veins lyjug at short 
intervals .from the main vein and a number of short prospect 
tunnels have been driven upon them." 

It is possible, but cxh·emely unlikely, that coal is to be 
found to the east of these locations within this township, but 
iJ1 '!'. 13 X, R. 6 E., the coal series, highly metamorphosed, 
is found in contact with igneous rock, the coal being neu­
anthracite while the shales have been changed to slate. Of 

•ibid. J). 248. 
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this occurrence Landes• says: "'l'he coal has a steel-gray ap­
pearance and is extremely hat'd and compact. An analysis of 
the coal shows the following pet·centages: Water, 2.67; vola­
tile matter, 4.86; fixed carbon, 88.66; sulphur, J .22; ash, 2.59." 

Of these occurrences that in Sec. 20 dips northeast while 
that in Sec. 22 dips southwest, indicating a dowu-wat'p which 
has brought a small patch of the coal series below the level 
of the Newauknm rocks adjacent, and thus temporarily pre­
ve11ted their erosion. 

Coal has been prospected in the southwest quarter of Sec. 
12 ('r. 12 N., R. 4 E.) and the northeast quarter of Sec. 13, 
of the same township. Here the sandstone series adjoins the 
basalt to the south, which forms a prominent ridge trending 
northwest-southeast. A drift on Sec. 12 is reported to have 
been run on a seam of coal eight feet six inches thick. 

In 'l'. 13 N., R. 5 E., coal was prospected on Sec. 30. 
Landes• gives the following analysis for coal from this sec­
tion: "Water, 1.80; volatile matter, 34.27; fixed carbon, 58.93; 
sulphur, 1.34; ash, 3.66." (Samplet· and analyst unknown.) 
'l'he beds here dip to the southwest at a steep angle, 55° be­
ing recorded on strata in the East Fork of the 'l'ilton River 
nearby. To the east the rocks of the Newaukum formations 
are brought up by a sharp anticliaal fold. At no other point 
in this township is coal known to outcrop. 

To the west (T. 13 N., R. 4 E.) coal has been found in 
many places along the streams, but prospecting has necessarily 
been confined to these points of vantage because of the heavy 
forest growth elsewhere. 

Along Connolly Creek several such prospects were exam­
ined, as in Sec. 22, southeast quarter of the southeast quarter ; 
northwest quarter of the southeast quarter; and southeast 
quarter of the northwest quarter. Coal has been found to the 
,vest, near the no1·tl~ line of Sec. 21, and to the east, on either 
side ef the north line of Sec. 23. Coal found on Sec. 24 was 
reported by Landes• to have the following composition: 
"Water, 3.71; volatile matter, 35.03; fixed carbon, 59.01 ; sul­
phur, 1.24; ash, 1.01." 



WUHINOTON GIIOLOGICAL SURVllr 

• 

e, .. ...,., I 

W.,..A.d O<J •no' 
,,~,,obnlld' 

--------•- N 

MAP OF 
E/95T CREEK MJNE 

PHO£: N lX CORL Ca LflDD WN. 

BULLttLN No. 19 Pu'l'II XXI 

nn r----



The Coal Fields of Southwestern TV ashingtrm 113 

Northwest of th.is, in Sec. 14, a drilt has been driven on a 
seam four feet thick at the mouth, but less at the face, 55 feet 
in. The seam dips about :35° to the southwest aud shows the sec­
tion illustrated by Figure 12c. Sample 6496 was taken from 
this seam, or one nearby, by Umpleby in 1908, and the section 
measured at that time is quoted by E. E. Smith• as follows: 

Feet. Inches. 
Clay, hanging wall .... . .. .. .... . ..... . ... . .. . ... .. ... . 
Coal . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 11 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5 
Parting . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 1 0 
Coal, bony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2% 
Clay ................................................ . . 
Shale and coal, bony, footwall .......... : ............. . 

-----
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 7% 

This is classerl by Smith as anthracite or natural coke on 
the basis of analysis. Another seam sampled by Umplcby in 
1908 (No. 6488) gave the following section : 

Feet. Inches. 
Hanging wall . ... . .... . . ... .... ... .. ... ..... . .. .. .... . 
Coal, shaly . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.. 1 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4% 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal .. .. . . . .. .. . .. . .. .. .. . ... . . . .. . . . .. .. .. .. .. . .. .. . . 5 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1% 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 
Coal, slaty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Clay, plastic ................... : ..................... . 
Footwall .......................... . ................. . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 7 

'rhis was taken from a 60-foot drift in the southeast quar­
ter of the same section. The analysis shows this to be an im­
pm·e bittnninous coal. 

To the nortl1, in Sec. 11 and Sec. 10, seams of nine-foot 
thickness were n oted, but they were apparently J:ather bony 
throughout. In the northwest quarter of Sec. 10 U.tnpleby 

•smith, E. E. Bulletin U. S. Geological Survey, No. H4. 1911. p. 157. 
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obtained sample 6490 from a seven-foot seam, which meas­
m·ed as follows: 

Feet. Inches. 
Clay, hanging wall ................................... . 
Coat ............................... . .................. 1 6 
Volcanic ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8% 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9% 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31h 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 
Parting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Coal .... . ........................... •.......... ........ 1 6 
Shale, footwall ....................................... . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1% 

This is about the same quality as that previously de­
saribed. 

Coa.1 is reported on Sec. 2 (T. 13 N., R 4 E. ) and to the 
north in Sec. 34 (T. 14 ~-) . At the latter place Umpleby 
sampled a six and one-bali-£oot seam in a faulted zone. (No. 
6495) . TJ, e section follows: Feet. Inches. 
Clay, hanging wall ... ................. .. ............. . 
Coal ... .... . ................. ........... .. ............ 3 
Parting ...... ... ... . . . . ... ...... . .................... . 
Coal ................................... . .......... . ... 1 
Parting .............................................. . 
Coal ......................... ... ..................... . 
Clay, footwall ....................................... . 

6 
5% 
7 
3 
8 

----
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 51h 

Northward, in this township, coal is found frequently in 
Sec. 36, Sec. 25, Sec. 26 and Sec. 24, as well as in the vicinity of 
the mine at Ladd. In one of these locations, the northeast quar­
ter of Sec. 26 (T.14 N., R. 4 E .) Umpleby collected sample 6489 
from a seam five feet nine inches thick, showing the section be-
low: 

Feet. 
Hanging wall . ... ............ . .... . .................. . 
Coal, very bony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay, sandy .. . . ..................................... . 
Coal, very bony ...................................... . 
Clay ......................... . ....................... . 
Coal and bone in a!Lernatlng bands ................... . 
Clay .... ...... . .............. . .... . ........... ....... • 
Coal, bony, dull layers ............................... . 
Clay .... ...................... • ...................... 
Coal, hard, dull layers ..... . .. . .................. .. .. . 
Clay ......... ........ .......... ., . . • ................... 
Coal, bony ...... .... ..... ... . ... . ............ ........ . 
Footwall ...... . ............. . ....................... . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Inches. 

4 
5 

11 
1h 

10 
1h 

4% 
4% 
8 
1 
8 

9 
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E AST C R EEK M I N E , 

The East Creek 1\line, (Ko. 10 on Figru·e 1), is located on 
the south half of Sec. 12 ('l'. 14 N., R. 4 E .), a spm· from the 
main line of the 'l'acoma Eastern Railway reaching the prop­
erty, which joins that 0£ W. IV[ Ladd and J. Bagley, who 
operated the Ladd l\fine from 1906 to 1DOD. Several seams 
are found, all of which have been thoroughly prospected; No. 
2 being the main commercial bed for a time, although No. 3 
afterward became the major producer. No. 2 bed produces 
a coke or £air quality. It is the only seam. known in the dis­
trict to have tl1fa property. 

The strata have a strike 0£ about N. 5° E ., dipping to the 
NW. at 45°. The structure is complicated b)~ the presence of 
sills of igneous rock, one of which was encou.ntered at the 
portal of the rock tunnel. WhaL is p1·obably the metamor­
phosed equivalent 0£ the overlying sediments was next en­
countered, and proved to ue nearly as resistant as the igneous 
rock it!'lel.f. (See Plate XXI) . At auout 500 feet in from the 
portal the tW1Uel cut No. 2 seam, which ·was .followed wiUt a 
gangway to the sonth :for several lmn<l.red feet, ,Yhere a fault 
!eel to the abandonment of the seam for several years. It is 
now being reopened and ,rill be worked. At the point iu the 
rock tunnel where To. 3 seam should bave been encountered a 
fault was crossed, and gangways to the north and south failed 
to show the presence of the coal seam. A bony layer, strati­
graphically Lower than No. 3, was followed southward to where 
it pinched out, and the furtl1er extension of the gangway along 
this trend sbowed the existence 0£ a fault. 'l'he fanlt surface 
was followed £01' about 40 feet where No. 3 seam was found in 
normal attitude. In the later deYclopment of this seam ihe 
meeting of a fault was preceded by a slight s"ringing of the 
seam to the east. An offset in the fault gouge of from 20 to 
more than 100 feet has to be made for each 0£ tlie faults. Sec­
tions of beds os. 2 ancl 3, as measured by Smith* in 1910, 
a1·e appended : 

*Ibid. p. 159. 
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No. 9882, Bed No. 2. 
Feet. Inches. 

Sanclstone ........................................... . 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale, carbonaceous. soft ............................ . 
Coal ......................... . ............... . ....... . 
Shale, clayey ..... . ... ........ . ....... ................ . 
Coal, "sulphur" in joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale, carbonaceous ................ . ................ . 
Coal, calcite veins ......... . ......................... . 

Coal becl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

No. 9880, Lower Bench of Beel No. 3. 

0-1-
7-

10 
1 
9 
4 

11 

Feet. Inches. 
Coal .................... .. .. ........ ... .............. . 
Shale and bony coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61h 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 61h 
Coal, bony ................................. • ........ . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1 

No. 9881. Upper Bench of Beel No. 3. 
Feet. Inches. 

Shale ........... .. ......... . .......... . ............. . 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 
Shale ancl bony coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61h 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 21h 

The following sections were measured iu this mine by 
J . B. Um pleby in 1908 : 

No. 6493. Bed. No. 2. 
Feet. Inches 

Clay ..... .. ....... ................. ................. . 
Coal ................................................. . 9•h 
Parting .............................................. . 1 
Coal .. .. .... ....... ...... .... ............ ..... ....... . 1 11 
Parting ............ . ...................... . .......... . 1 
Coal ...... ... .... ...... .... ... . ... ... .. . ........ ..... . 1 5 
Clay ..... . ..... . .... .. ........ . . .. . .. ............... . 

-----
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3¥.! 

No. 64.94, Beel No. 3. 
Feet. 

Coal ..... . ...................................... . ..... 1 
Parting ....... . ............... ... ........ ... ......... . 
Coal ...... .. .................. . .......... . .... ... .... . 
Bone ..................................... . . . ........ . 
Coal ........... .. . ................................ . ... 4 
Parting ........................................... .. . . 
Coal ................ ... .... ... ...................... . 1 
Shale .. . .... . .................. . .... . ............... . 

Inches. 
6 
1 
81h 
31h 
l 

11 
81h 

----­
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
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To make tbe analyses plain the following notes on the 
sampling are t1uoted from Smith's repo1"t: 

"A sample (No. 9882) of bed No. 2 was taken 60 feet up 
chute 62 from the first water-level gangwa,v. The two shale 
partings given in the section can be separated .frbm. the bed 
h.)' careful picking and washing, aml were not inclncled in the 
sample. Two samples ,Yere taken at tl1e .fa.cc of the gang­
wa.v on bed No. 3, No. 9881 :from the 11ppe1· bench, and No. 
9880 from the 1ower bench. These benehes are separated l,y 

six aucl one-half iuches of shale and bony coal ,Thich is re­
moved from the coal L.,y picking. 'ample 9879 was obtai11ed 
frorn the face of the gangway on bed No. 4. 'l'he bed con­
tains scvel'al pa1·tings of shale and bony coal. It will probably 
be sorucwbat difficult to separate the bony coal from the com­
merei11I parts of the bed, but inasmuch as the lower sha le part­
ing in the bed was not removed in the sampling it "·as thought 
that by l'emoving all the bony coal the resulting amount o.f 
ash in the sample wottld represent that obtained in the ordi­
nary commercial coal from tl1is bed. Sample 649:J was taken 
from bed No. 2, the two partings of which ,rel'e not i11cludc(l 
in the sample. None of the parting:i we1·e i11cl11decl iu sample 
6494, taken .from bed No. :3. Sample 6492 was taken from 
the short drift on bed Ko. 4, where Ko. 9879 was taken. The 
parting was nol included in the sample. Sample 6491, ron­
sisting of lwo samples of about aoo ponncls e11ch of washed 
coal from bed No . 2, was taken at the bunker as it came from 
t11c washer. Each sample wai; red11eed and quartered in the 
usual manner until 100 pounds were obtained. rrhe two sam­
ples were then mixed. ground and quartered until the final 
sample was about fonr potmds. It was sealed in the ca11 while 
still wet." 

Tl1e mine is opened by a rock tmmcl whose portal is in 
the southwest quarter of Sec. 12, and which extends in a di­
l'ection norU, 77° west for a distance 0£ 1.200 feet. A cross­
cut t1mnel, at about 150 £eet driven to the southwest, inter­
sects the present worked seam (No. 3). A gangway has been 
driven on this seam for 4,600 feet and rooms opened above 
thls to the outcrop 0£ the coal. The method is room-an<l-pillar. 
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Rooms are 25 !eet wide and pillars 30 feet to 35 feet in width. 
A counter gangway is driven 25 feet from the main gangway 
and the room pillars are dividecl iuto blocks approximately 
35 feet square by crosscuts. Some 0£ the rooms are driven 
through to the surface and used for timbeT and air chutes. A 
wasl1 ing plant is used at tl1is propert.r to prepare coal for 
market. 

This mine was opened in 1907 by the E ast Creek Coal 
Company and operated continuously until 1916, when taken 
over by the Phoenix Coal Company. The present average pro­

duction is a little less than 100 tons per clay. 

PENNSYLVAN IA MINE.. 

In Sec. 20 and Sec. 21 (T. 14 N., B. 5 E .) a1·c located the 
old workings of the Pennsylvania CoaJ Company. The strata 
het·e are involved in a sharp anticlinal fold with nearly north­
south trend. In the lower ·workings the coal was opened by 
a tunnel, the beds clipping westward at ij5.,. In the upp<'l' 
workings, 1,000 feet up the hill, the coal wa. reached by a 60-
foot incline, which followed a 10-foot scam down the -:1:5., di.p 
to fl1e east. The coal was quite bony throughout and only 
the upper three feet was mined. 'rhis seam \Vas worked ii1 
1912. 

'l'o the south, in the west half of Sec. 29, is located the 
Watkins Mine. The beds here trend northwest, dipping tu 
the soµth west at angles of 30° to 50., . A£ter drifting a short 
d istance it was found that the strike swings to the west and 
beyond tllis tl1e seam is reported to be interrupted b.v a 90-
foot fault. There is no recor d of measnreruent or anal}sis 
of this seam. 

This mine was opened iu 1913 by the Penusylvania Coal 
Company and operated up to 1915. At tl1e present time the 
property is beiJ1g developed by the Pacific Eastern Coal Com­
pany. 

Coal prospects are reported £rout Sec. 33 in this town­
ship, bt1t non.e we1·e located. The coal series are beLievec.1 to 
1111clerlie this section aJ1cl a portion of 34, to the east. 
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ASHFORD AREA. 
GENERAL GEOLOGY. 

The Ashford area is of slight importance commercially 
but is disc·ttssed independently because of its separation from 
the l\lincl'al Lake area and its close connection with the Pierce 
C'oUlltJ field to the north . The district comprises the north­
east part of 'r. 14 N., R. 6 E., and Lbc northwest quarter of 
1'. 14: N., R. 7 E. This is a mountainous area soutli of the 
~isqually River in tile vicinit.\~ of Ashionl, whfoh town, how­
ever, docs not appeat· on the detail map, Plate XXll. The 
region is, fol' the most part, i11accessible, and the relations of 
the formations found are not well worked ot1l. 'rhe Puget 
sc1·ies occupy the northeastern portiou of this area and are 
presumably co11tim10m; beueath the Nisqually flood plain, 
with tl1e rocks reported by Dauielr,i• in Pierce Counl)-. 

To the south anc.l east the il1-defiued horn1c.lary of Lllis 
formation extends along the east line of .'ec. 4, 1 hrough Sec. 
10 and thence wrste1·lr to the range line, where it is in com­
plex association with the Newanknm series and also the later 
intrusives. The areal distribution on Plate XXII is diagram­
matic and caonot be interpreted literally. To Lite south and 
west, aa in • ec. 4 ('r. 14 N., R. 6 E.) isolated patclics of the 
Puget formation are fo1u1cl These are usually adjacent to 
intrusive masses of igneous rock an<l whatever coal they con­
tain is greatly changed. Sorue .fragments found resembled 
impure graphite, while others were more nearly anthracite. 

Coal is reporletl from mally points within this area and 
bas beeu extensively prospectetl. Because of U1eir apparent 
high-grade small stringers of coal have been followet~ but 
these have not had sufficient size to merit ft.u·ther clevelop­
me.nt. It is believed that no coal 0£ commercial value is to 
be found in this district. 

PACKWOOD A..REJA. 

GENER.A..t GEOLOGY. 

There is at hand but little data on the geology of the coal­
bearing rorks which outcrop in what is Lcuown as the Pack­
wood field. 'l'his region is in the Upper Cowlitz Valley, north 

•Dan1els, Joseph. Bulletin Wasbtngton Geological Sui·vey No. 10. 1915, 
p. 2.9. 
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of Lake Creek, a tributary ente1'il1g from the southeast jn •r. 
13 N., R. 9 E. (See Plate XXIII). 'l'he area is mountainous 
and unsurveyed, except for a narrow strip along the Cowlitz 
River. 'l'he following, taken from a report made in 1902 by 
Landes,• gives the main facts so far as known : 

"'rne coal-bearing shales and sandstones outcrop along 
the banks of the main river in a few places, but there a1·e 
more numerous and clearer exposures in the gorges cut by 
streams entering the valley from each side, and on the inter­
vening ridges. The strata lie mostly within a few degrees 
of the horizontal. They appear to be free from faults and 
abrupt folds, bat observations made at a number of different 

points in the region show the direction of dip to vary greatly. 
"The chief prospects in the Packwood field are located 

three nliles southeast of the Cowlitz River and two miles north 
of Lake Creek, at an elevation of 2,600 feet. The workings 
have a total length of 600 feet . C1ean coal lies in thin layers 
interbedded with shale, wl1ich in some cases is highly car­
bonaceous. 'l'he thickness of these layers is most commonly 
.from one to th1·ee inches, along with a number of vein-like 
streaks about one-fourth inch thick, and a few layer s from 
eight to 10 inches thick. Some are continuous for several 
hundred feet, but the majority are short and taper very gradu­
ally at the ends. The beds are overlaid by igneous rock, which 
at other points nearby show evidence of intrusive origin. At 
several points ju the workings the contact of the igneous mass 
w-ith the coal shales is plainly shown. 

'' AU of the coal exposed in the tunnels is slacked and 
crumbles readily, clue to its exposme to the atmosphere for 
several years. Fl·esh coal, taken a few feet from the face, 
ignites with difficulty, burns ,vith a short blue flame, gives in­
tense heat, ancl leaves a small amount of ash. No pyrites of 
iron is visible in any of the coal. 

"Three-eighths of a mile east of the Packwood prospects, 
just north of the divide between Lake and Coal creeks, two 
short tunnels have been dl·iven iu coal-bearing shales, whlcb 
seem to belong to the same series as those just described and 
which may be icleutical with them, although the connection 

•r..andes. Henry, Annual Report. Washington Geological Survey. Vol . 
JI. 1902, j). 251-2. 
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Detail ma-p of the Packwood and Carlton Pass Areas. 
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cannot he traced accurately. Several feet belo-,·v the coal a 
la~·er of sau.dy shale contains peh·ified wood in tbe form of 
roots, twigs and stumps. Most of tl1e woody matter has been 
replaced, but enough carbonaceous material remains to give 
the spcciniens a black co lor, which can be removed b,v hE'ating. 

"Pure coal interbedded with carbonaceous shale aud 
sandstone occurs at a number of places m the beds of Coal 
and Lake creeks ou the high steep ridge between them, aud 
along the smaller creeks to the north and south . The firm 
hard textm·e of the coal accounts £or the amom1t or it found 
as float in all the creeks of the region.'' 

Th.is region was visited in 1909 by E. E . Smith, who took 
sample 90HO from a surface exposure in t he southeast quarter 
of Sec. 7, T. 13 N., R. 10 E., about two miles east of the Cow­
litz Rivel'. In regard to this exposure Smith• says: '"l'he coal 
bed outcropping near the summit of the hill st1·ikes N. 5° E. 
and dips 32° W. The bed has a total th ickness of about 18 
feet, only three feet of which was thought to be pnre enough 
to be of commercial value. The remainder of the bed is com­
posed almost entirely of a hard black shale containing thin 
stringers of coa I. 

"A d1·Ht was run about 20 yearn ago on a bed outcropping 
on t he oppo~ite side of the hiJl, about 200 feet below the out­
crop described above, and it has always been supposed that 
the dl'ift and the surface exposU1·e are 011 the same bed. It 
was reported that a sample taken from the drift and a11alyzed 
at the New Orleans Exposition showed 92 :per cent of fixed 
carbon . I t is very clear from the analysis and physical char­
Mter of the coal from the surface exposures that the drift 
must be on a different bed. 

"Sample 9090 was taken :from the three-foot bench of 
bony coal after removing about six. iuches of coal Erom the 
.face of the exposw·e. 'l'be small stringers of coal, which are 
ver.Y hal'd and jet black, and break with a conchoidal fracture, 
should probabl:v be considered as anthracite. It would be im­
possible to separate them from the bony coal in which they arc 
embedded and tJ1e marketable coal would have about the same 
percentage of ash as that obtained in the sampl e." 

•Smith, E. E. Bullelln U. S. Ge<iloglcll1 Surver No. 474, 1911, p. 156-7. 
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CARLTON PASS AREA. 

GEN'ERAL GEOLOGY. 

North and a little east of the Paclnrnod field, and extend­
jug beyo11d the summit of the Cascades, lies the easternmost 
of the coal areas of Southwestern Washington, kuo,rn as the 
Carlton Pass field. '£his is also called the Cowlitz Pass £ielcl . 

Topographicall,v this is a region of consi<leral1le r elief, the 
general .flat, com prising the smmuit area of the Cascade Moun­
tains, haviJ1g been sbarpl.r i11cised by the action of ice ancl 
the swift mountain streams. 'L'he valleys of these latter show 
elevations 0£ from 1,500 to 2,000 £eet below the adjoining 

peaks. The general character of the topography is shown on 
the Mount Aix sheeL, wluch includes along its westetn boun­
dary most of the Carlton Pass field. To the west the field is 
drained b.v a series of small streams, oi 'Which Carlton, Sum­
mit and Coal creeks arc the largest. 'l'o the east water .flows 
into Bumping River and Deep Cr eek. 

Although this regiou lrns been prospected e~teusively for 
a number of years not a great deal of information is at haucl 
r elative to the general geology o.E the coal-bea1·ing strata. So 
far as knov.rn the field comprises a ucirrow strip l't111ning noTth 
and south throngb 'l'. 14: T_, R. 10 E .. but turning rather 
sharp1y to the east in T. 15 N., R. 11 E. This be lt is from half 
a mile to a mile and a hall.' wide and some 10 miles iu length. 
(Sec Plate XXIll) . 

Several rock types are fotmd with in the field, but the 
relations between them are not clear. Igneous rocks sim_ilar 
in character to those found in the Mineral Lake a1·ea to t he 
·west outcrop 11ext the Puget rocks. 'l'he ·e arc probably por­
phyritic andesites, which have been intruded into the sedi­
ments prior to their folding. The latter are usually rather 
coarse, but show considerable variation in composition. The 
usual interbeclding found in the Puget series of shales, sallcl­
stones and carbonaceous layers ,vith the coal is well exl1ibited 
in this field. Probably the best single exposure of the series 
is that on Summit Creek, which rnns transv~rse to the strike 
of the strata. (See Plate XXIV) . 
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A. A portion or the con! setles. Tlmberlng shows where a 20-toot seOJ11 has been opened. 
B. Fulls of Summit Creek. Andesite porphyry here o,•erlles the coal series which Is exposed in the !oreground. 
C'. Igneous dike north of the creek. This hns be<;>n Intruded Into the co:ctl ~erlcs 1u1u bC<'Uuse or u,e superior resh•tnnce forms n, 

prominent 1·h1ge. 
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/ 'l'h.is place is reported on by Landes• as follovi'S : "A 
cross-section of the coal measurecl in the bed of Summit Creek, 
taken from west to east, but going -from above clo,vnward in 
the series, is as follows: 

Feet. Inches. 
Pon>hyritic anclesite ................................. . 
Sandstone ............................................ 172 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Sandstone ............................................ 140 
Shale ................... .. ........................... 40 
l\licaceous sandstones, th1n·bedded with clay inclusions .. 66 
Porphyritic andesite, intrusive ........................ . 19 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Shale .................................... . . . ......... 12 

.__ Coal seam, very impure or bony coal . . . . . . . . . . . . . . . . . . . 4 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Shale ..................................... . .......... 12 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. 18 

._ Coal seam, mostly bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

--Coal seam, very little good coal . . . . . . . . . . . . . . . . . . . . . . . 5 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Massive sandstone .................................... 878 

- Coal seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 6 

- Coal seam ............. . .............................. 1 6 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Shale .................. . ........ . .............. . ..... 11 
Coal seam No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Sandstone ......... . ....................... • .. . ....... .IQ...... -=----

-- Coal seam No. 2. Mammoth vein ................ ....... ·39 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal seam No. 3 ...................................... 14. 
Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Carbonaceous shales and lnterbedcled sandstones . . . . . . . 62 

-- Coal seam No. 4 ......... ........ ..... ... ... . ........ 10 
Sandstones and shales, interbedded . . . . . . . . . . . . . . . . . . . 18 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G 6 

-- Coal seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Basalt, intrusive sheet, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Sandstone, lndurated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Mlcaceous sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

---- Coal seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Sandstones and shales, interbedded . . . . . . . . . . • . . . . . . . . . 60 
Carbonaceous shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Sandstones and shales, interbedded .................... 100 

.....,Coal seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Sandstones and shales .. . ... .... . . .. ........ .' . . .. ... ... 21 

--Coal seam, No. 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 8 

•T,andes, H enry. Unpublished report based on Cleld examination made 
lo 1908. 
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Feet. lnches. 
Shale ......................................... . ...... 25 

- coal seam No. 6, Primrose vein ....... . ................ lG -;. 
Sandstones and shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Coal seam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 
Sandstone .... .. .......... . ........................... 12 6 
Coal seam, mostly bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Gray sandstone, cross-bedded and hard ............. . -:--11,-
Sandstones and shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

- Coal seam No. 7, about one·fourth good coal ..... . ... . . 12 
Sandstone ........................ . .. ... . ........... .. 12 

- Coal seam No. 8, about one-halt good coal ............ 10 
Dine micaceous sandstone ............................ 18 

- Coal seam No. 9, nearly all bony coal ....... .. ...... 10 
Porphyrilic andesite, intrusive . . . . . . . . . . . . . . . . . . . . . . . . 3 
Red and white shale .................................. 160 
Basalt, intrusive, with inclusions of red and white shale 83 
Indurated shale, with two very small coal seams ...... 147 
Porphyritic andesite, intrusive. thickness an known . . . . . . 3 

Total thickness of section . . . ... . .. . ...... . . .. .. . 2,768 11 

The strncture of the rocks is simple. '!'he beds here arc 
011 the western limb of au anticline of ncarl.v nortlH,outh 
treud. At the northern cud the trend is almost clue ea t-we. t, 
the be<ls clipping to the 11or lh al abo11t 20° . Traced westwarcl 
the strike swings to the sonthwest across 'ec. 30, (T. 15 N., R. 
11 E. ) turning due south through sections 1, 12, 1:3, 24 and 
25, T. U N., R.. 10 E. At this point there is some evidence 
that the trend is southwest, and the more recently <liscoYcr~d 
seams on Clear Fork are probably in Sec. 26. No faulting has 
been observed in this fie ld. 

'l'be northern extension of 1 he field is not k.now11, lmt it 
would not be surprising ii the Puget rocks had been com­
pletely eroded f rom the eastern slope of the Cascades. 'l'o 
the south, however, the westward treud of the coal series 
points to au origiual cou.uection with the strata of the same 
group i.11 the Packwood LaJce field about six miles to the 
southwest. Whether this connection is maintained at presenl 
01· not t·en1ains iJ1 doubt. 

As would be expected .from its position witb in a11 area 
which has been subjected to mountain-forming movements, the 
coal of this ..Eie lc.l is of authracite rank. It is harcl, pitch-black, 
or bright Juster ai1d ..conchoidal .fracture. It shows no ten­
dency to slack on exposur e; blocks lying on the dump for 
many years retain their llLSter and hardness almost perfectly. 



126 Bulletin No. 19, Washington Geological Survey 

From analysis the coal of this field is in part semi-anthracite 
and in part true anthracite. It is easily the best coal of this 
region, and with the possible exception 0£ that from Whatcom 
County, the best in the state. The sections shown below, of 
the coal seams from this field, show the close interbedding of 
coal layers with layers of bone and carbonaceous shale. ~ 
~ly the only difficulty to be overcome in the successful ex.: 

ploitation of ~oal is the read~ratiQn_af...th.e coal from 
~ associated bone. Because of this close association, the sam­
ples of the seams as usually made, that is, in accordance 
with present mining practice, give the coal an unusually high 
ash content, whereas careful sampling with due regard to the 
elimination or these bony layers shows a coal or extraordi­
narily high rank. Differences in mode 0£ sampling are produc­
tive of greater differences in the analytical results with coals 
of this character than with coals of lower grade. 

'l'he relative ease with which the coal-bearing rocks can 
be traced in this region has led to extensive exploration and 
prospecting has been carried on in practically every quarter­
section in the field. In some places the operations have been 
prolonged, but in many instances the work has been slight 
and of little value. 

'l'he section quoted above shows the presence of a number 
of coal seams of remarkable size. 0£ these, two are more 
prominent than the rest ;

1 
they are known as tbe Mammoth and 

the Primrose seams and are a.beat.40 and .20"feet in width re-
spectively. 31 I<. 

PROSPECT NORT H OF CARL TON C REEK. 

The field was visited by Smitb• in 1909 and the follow­
ing is taken from his report on the region: 

"Prospect on the north side of valley, about 500 feet 
vertically above Carlton Creek, in the southeast quarter of 
the northwest quarter of Sec. 29, T. 15 N., R. 11 E . This coal 
bed occurs in the lower coal group of the Carlton Pass coal 
fi eld. An open cut has been made across the face of the bed, 
exposin.g a total thickness between hanging and foot wans of 
about nine feet. The bed js composed almost entirely of black 

•smith, El. El. Bulletin U. S. Geological St" ve~· No. 4H, 1911. pp. 152-166. 
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shale containing very thin stringers of bright coal and sev­
eral la,\'ers of very badly crushed graphite shale. Tbe :follow­
ing is a section of the bed: 

No. 9093. 
Feet. Inches. 

Shale. sandy, carbonaceous .......................... . 
Shale, graphitlc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale, hard, black .................................... . 
Shale, grapbJtic ...................................... . 
Shale, black, thin stringers of pure coal . . . . . . . . . . . . . . . . 2 
Shale, black, hard .................................... . 
Shale, graphitic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale. carbonaceous, with lhin stringers of bright coal.. 1 
Sandstone and shale, with thin layers of carbonaceous 

shale ............................................ . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

6 
7 
31h 
0 
8 ¥.! 
7 

11 

7 

'
1 ample 90!)3 was taken .from tue graphitic shale larer 

oue root six inches thiek near the top of the bed. The ma­
terial is badly broken and shows considerable movement in 
tbe bed. ,Yhen wet, the slickeusided faces are very bright and 
give the appearance of anthracite coal. This bench was 
thought b)· the writer to contain a high percentage of graphite, 
and ha::; been considered generally by coal prospectoi·s who 
visited this field lo be A high-grade coal. The analysis in tl1e 
accompan~·iug table shows that tl1e bench is hardly better 
than carbonaceous shale. 

PROSPECT SOUTH OF CARLTON CREEK. 

"Prospect on hillside south of Carlton Creek in the 
southeast quarter of Sec. 1, T. 14 N., R. 10 E., abont 1,100 
feet above th c bed of 1 he creek. A gangway 90 feet in lenglh 
has been driven on this bed, which strikes uortlt and south 
and dips 60° W. At the encl of tl1e gaug\\'a5· the following 
section was measured: 

No. 9091. 
Feet. Inches. 

Shale ............................................... . 
Shale, black . .. .. . .. . .. . . • .. . . .. . .. . . .. .. . .. . .. .. . . .. . 3 21h 
Shale, black . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2* 
Coal, partly graphitic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Shale, black, carbonaceous . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 
Coal (semi-bituminous) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 6 
Coal, impure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
Sandstone ........................................... . 

Total . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 91h 
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"Sample 9091 was taken from the bed of good coal three 
feet six inches thick, and its analysis is given in the table. 
• • • 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 appeaTance of anthracite coal. .Analysis 
sl10ws that it is very high in ash. It is massive and banded, 
and breaks with a conchoidal fractUTe. 

PROSPECT A, SUMMIT CREEK. 

"Prospect on Summit Creek in the southeast quarter of 
the northwest quarter of Sec. 13, 1r. 14 N., R. 10 E . This bed, 
which is known as the Primrose bed, is about 20 feet in thick­
ness between hanging and foot walls. A gangway has been 
driven about 50 :feet in the lower part o:f the bed, which jg 

slightly overturned, dipping 82° and striking nortl1 and south. 
The following section shows the details of the bed: 

Feet. Inches. 
Shale, hanging wall ...... .......... .. ......... . ...... . 
(1) Coal, with thin layers of bone (sample 9101) . . . . . . . . 2 81h 
(2) Coal, bony, with some graphitic shale . . . . . . . . . . . . . . . 2 6 
(3) Shale, graphitlc (sample 9097) . . . . . . . . . . . . . . . . . . . . . 1 6 
( 4) Shale, black . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81h 
(5) Coal and layers of bony coal (sample 9102). . . . . . . . 2 1 
(6) Coal (sample 9099) .. . .. .. .. .. .. .. . .. .. .. .. .. .. . .. 4 11 
(7) Coal and graphitic shale in alternating layers . . . . . . 3 11 
(8) Shale, black . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 
Sandstone, footwall ......... . ........................ . 

Total .................................... . . ... .... 20 3 

'' 'l'hc section was measured and the samples taken .from 
the face of an open cnt across the l1ed at the entrance to the 
gangway. Bench No. 1, .from which sample 9101 was taken, 
contains a large percentage of hard, bright coal resembling 
tllat from bench No. 6, but the numerous thin layers of bony 
coal scattel'ed 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, bnt the coal resembles that sampled in bench No. 
5. Sample 9097, taken .from tb.e 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 
com'(ner-;ial value at the present time. Sample 9099 was taken 
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.from bench No. 6, and represents the l,,c>st coal in tile bed. 
Sa111ple 9100 was obtained from a layer of the best coal ::iear 
the ctmtcr of bench No. 6, and represents the best picki.>d coal 
from the bed. • • • The coal fJ:om bench No. 6 is pitch black, 
bright, and very ha1·d. It is massive and breaks with an ir­
reg11lar couchoidal .fractm·e. Li the other benches the coal 
is not so pure, is banded and laminated, and breaks with an 
irregular , splintery fracture. The coal biu·ns in an open fire 
·with a short blue flame, and, in ge11ernl, leaves a fairly large 
amonnt of a. h, 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 analysis (No. 9100) of this sam­
ple compares favorably with the analyses of some of the an­
thracite coals of Pennsylvania. 'fhe percentage of volatile 
matter is somewhat higher than in the average Pennsylvania 
anthracite, but lower than that of the semi-antlu·acite coal of 
Sullivan Coimty, Pa., which is sold in the market as anthra­
cite. 

PROSPECT B, SUMMIT CREEK. 

" Prospect on Summit Creek, in the southeast quarter of 
the northwest quarter of Sec. 13, T. 14 N., R. 10 E. The bed 
is sligJ1tl )- o,•ertnrned at this plaee, and has the same dip and 
strike as that given for the Primrose becl in the preceding de­
scription. It is separated from the Primrose by 25 .feet o.£ 
shale. The follo wing section was measui·ed at tl1e face of a 
drift run a long 1hls bed 35 feet: 

No. 9098. 
Feet. Inches. 

Shale ..................................... . . . . ...... . 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Coal. poor ........................................... . 
Shale, black . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 3 
Coal, bony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale ......................... . . .......... . ......... . 

91h 
7 
0 
21h 

----­
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 7 

"Sample 9098 was taken from the best bench of coal in 
the section noted above. The coal wns more or less ernsherl 
and mixed with carbonaceous shale. • • • The coal is 
pitch black, bright, and hard. It is massive and dense, and 
breaks ,,ith a conchoidal fractme. Analysis shows that the 

-5 
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coal contains a very high percentage of ash, and alth.ough it 
is classed as a good grade of semi-aniliracite, the percentage of 
ash in the entire bed is so high that jt would be of little value 
commercially unless the carbonaceous shale could be separated 
thoroughly by crushing and wash.ing. 

PROSPECT C, SUMMIT CREEK. 

" Prospect on Summit Creek, in the southeast quarter of 
the northwest quarter of Sec. 13

1 
'l'. 14 N.1 R. 10 E.1 about 

350 feet west of the opening on the Primrose bed previously 
described. 'l'he 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 : 

No. 9092. 
Feet. 

Coal, bony ..................................................... 1+ 
Coal ........... . .................. . ... . ........................ 1 
Coal, bony ......... . ... • ... .. ........ .. .. . . ..... ............... 1+ 

Total ...................................................... 3 +-
"Sample 9092 was taken from tbe one-foot bench of good 

coa.1. ll' '* 41 The coal, whi ch is very bright, pitch black 
ancl hard, is massive and dense, and breaks with a conchoidal 
fracture. It contains a low percentage of ash and has a high 
calorific value. 'l'he coal is an anthracite and compares favor­
ably with. much of the Pennsylvania anthracite." 



CHAPTER VI. 

THE UTILIZATION OF SOUTHWESTERN WASHING­
TON COALS. 

The coal from this field is used for domestic ti·ade and 
steam generation. A larger percentage of the coal produced 
in these mines is obtained in lump and coarse sizes than from 
the mines of most of the clish·icts of the state, and thjs grade 
of coal goes mainly into the household trade. The remainder, 
as well as tl1e finer sizes, find use in clay plants for firing 
kilns. in the logging industry for engines and locomotives, 
and in general boiler plants. Practical!~- the eutire output of 
the Hannaford Mine at Tono, the largest producer of the field, 
is usecl by the 0.-W. R R. & N. Co. on its lines in west­
ern Washington. 

Among the several £actors which determine the market 
for this coal, three, which show considerable variation over 
the field, are probably the most important. Tl1ey are: (1) 
the grade of coal, (2) lhe cost of production, a.ncl (3) trans­
portation. In regal'd to the first it is obvious that, other fac­
tors being eqnal, tlLe market for the coals of different rnuk 
will not be the same. Coal from the lower grade snbbitu­
minous scams of the western part cannot have the same mar­
ket a::. the l)ituminous coals of the eastern portion, but lesser 
differences in rank are more or less eqnalizecl by variations 
iu tl1e other factors. The coking coals, on lhe other hand. 
have a market distinct from all others, 110 matter how the 
other factors may var;,. The cost of production is lowe1· in 
thfa tield than iu others of the state and for this reason the 
marke1 for the coal is wider thau it would otherwise be and 
overlaps to some extent that of U1e otlier fields. 

'l'he third factor has two phases: .Facilities for transpor­
tation aml the abilit~- of the coal to stand it. As to tl1e 
first, 1he ('Oals of' this field ar·e well st1pplied. l\Iost of the 
mines are located close to railroad lines. The l\Iineral Lake 
area is served by the Tacoma Eastern Railway, and the other 
producing areas have connection directly, or tlirough one of 
the shorter branch lines, with the Northern Pacific, the Great 
Northern, the Oregon-Washington Railroad & Navigation 
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Company, or the Chicago, Milwaukee & St. Paul line . Only 
a few of the smal1er mines have had to deliver by wagon. 

. In regard to the other phase of the transportatiou factor, 
the coals o.£ this field are not so fortunate. None of those 
which slack readily upon exposure to the air stand transpor­
tation well, and the two factors combine to limit both the 
distance to which such coal may be moved and the time that 
can elapse, after mining, before the coal is burned. This 
accounts for the limited market open to tliese coals at the 
present time and for the mot·e or less spasmodic operation o.f 
many properties. With improved methods in handling, or of 

utilization, the.v will become gxceptionally valuable and their 
market greatl., enlarged. As has been indicated in tJ1e pre­
ceding pages1 ho,rever, the coals of the field vary considerably 
in their air-slacking propensities, some crumbling in a few 
months, while o1 hers show no disintegration even a£ter years 
of exposure. 

Under the existing condition the market fo-r these coals 
is mainly western Washington, south of 'racoma, and no-rth­
\Yestm·n Oregon. Occasi011al shipments have beeu made to 
points cast of the Cascades, hut these constitute au extremely 
small percentage of the total production. In the direct use 
of the coal the future expansion of the market will be through 
improvement in facilities £or transportation and storage. 

In regard to the fnture there must be considered a factor 
whicll, although minor at present, is increasing in importance 
and ultimately will determine the development of the coal 
inclust1·~T of. this field. This is the preparatiou of the coal (as 
mined) so as to improve its quality and, also, to make use of 
what is waste nncler present modes of utilization. For over a 
sco1.·e of years the matter of preparing coal has been studied 
more or less caTefully, and manJ- methods of handling and 
treating it have been devised. The variation in compositiou 
in both domestic aucl foreign coals, however, made the results 
obtained with one grade 0£ coal inapplicable to others. With­
i11 the last decade the experimental work has emphasizccl three 
pos ible processes, viz., the manufacture of briquets, of pro­
ducer-gas, and the more direct use of the coal through drying 
and pulverizing. 
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Of these the first has been developed to a satisfactory 
stage for some of the higher grade coals, but the cost 0£ bri­
quetting coal of the lower grades usually bas been too high to 
make the process practicable. It is wholly probable, however, 
tlrnt mean. -n·iU be .found to make the simple briquetting of 
lignites and snbbitmn.inons coals commercially possible. 'l'be 
mamLfacture of producer-gas from those COfl ls that are espe­
cially high in volatile constituents has also been developed to 
a satisfactory state. ln fact, there is a large and increasing 
nsc of lignite coal in producer-gas plants. "What is probably a 
more efficient method is the combination of these two pro­
cesses, which results in the mannfactnre of both producer-gas 
and lwiqnets. 'l'his has been the subject of some valuable ex­
perimental work on a moderately large scale done a~ the Col­
lege of i\finiug Eugiueet·ing and at the mining substation of 
~ortl1 Dakota under the direction o.£ E. J . Babcock. 

'l.'he work was carried out on a scale large enough to ap­
proximate closeJ.r commercial operations. Using various 
grades of coal in a speciaJJy designed plant and watching eYery 
deta ii of operation, the expeJ"imcnters obtained a large amount 
of valuable data on the process. Babcock• summarizes the 
general results of the experiment as follows: 

"The large numher of experiments performed dadng the 
progress of the work in the laboratory and in the plant just 
described indicate that one of the methods offering the great­
est possibility in the utilization of lignite js that of produc­
ing gas in a retort and utilizing the retorted residue and by­
products. In carr~ing ont this process, fotu· products are ob­
tained. First, in the use of comparatively dry lignite a large 
)-ield of gas is procnrc<l, the gas being of a quality adapted for 
power and for heating and lighting purposes. Second, after 
tl1e gas has been driven off the lignite is converted into a non­
coking residue of good quality, having a high percentage of 
£-ixed carbon and excellent beat-producing properties. Thfrd, 
a tar is ohtai11ed, which, with proper distillation or concentra­
tion, gives a product promising to be of considerable com­
mercial value. 'l'he preliminary e:xperimeuts thus far carried 
on would iuilicatc that by special treatment the tar can be 

•Babcock, E. J. Bulletln U. S. Bureau of Mines No. 89, 1916. p. 28. 
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advantageously llsed in the process of briquetting. It also 
contains other products of evident ·worth. Fotu'th, a product 
is derived containing a large yield of ammonia which, after 
being converted into ammonium sulphate, may have consider­
able market value. 

'' During the tests of the past two years careful observa­
tions were made to determine the temperature required, the 
amount of gas produced, the amount of coal r esidue left, and 
the quantity and character of tar and ammonia by-products. 
Careful analyses and calorific determinations of the gas were 
then made. In this manner much valuable in.formation has 
been procmed. 'l'be amount and character of the gas obtained 
from lignite has been rather surprising and very encounging. 
Indeed, there seem to be great possibilities in the manufacture 
of gas from lignite, especially if all of the by-products are 
carefully utilized.'' 

By thorough carbonization of the lignite the resulting 
residue, made into briquets, shows a composition quite simi­
lar to that of anthracite coal. 'rhe following anal.,·ses and 
calorific values a1·e quoted• .in this connection for purposes 
of compal'ison : 
Chemica l Analyses and Calorific Values of Anthracite Coal, Lignite 

and Lignite Briquets. 
-

!\Jols- I Volallle Fixed Ash Healing 
tu1·e Matter Carbon V a lue 

% % % % B. T. U. 
Lignite as mined .. 35.01 25.11 34.68 5,21 7,000 to 7,800 
Lignite briquets .. Oto 6 2to 8 72 to 82 10 to 16 11,500 to 12,000 
Anthracite ....... lto 5 2 to 6 78 to 92 10 to 16 12,000 to 13,500 

'rwo points are to be noted, (1) the increase of about 
70 per cent in the calorific valne of the liguhe by briquetting; 
and (2) the increased percentage of ash in the briquet. It is 
obvious that the ash content of the original coal might be so 
higb as to seriously reduce the heating value of the 1·csulting 
briquet. For such coals the experiments point to "the desir­
abilit~' of stopping the carbonization before it has been fully 
completed. BT thiis method the light hydrocarbons are driven 
off but tl1e heavier h.ydroca1·bons remain behind, increasing 
the yield of residue considerably aJ1d 1·educing the relative 

•tbld. p. 58. 
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proportfon 0£ ash. 'l'he residue g ives a briquet that burns 
with conside1·able flame, but it has a high heat value and is, 
withal, an excellent fuel for general use." An average 0£ 25 
analysis of semi-carbonized lignite briquets is given for com­
parison. 

Average Analysis of Semi-carbonized Lignite Briquets. 

Moisture. 
5.25 

Volatile 
111atLer. 

15.70 

Fixed 
Carbon. 

64.51 
Ash. 

14.54 
B. 'I'. U. 
11,692 

'l'lie s11cccss of tl1 is methocl of treatment of North Da­
kota lignites seems to be clemonstralcd. E qually sat,isfactory 
results were obtained with simi lar coals from niontana, Col­
orado and Texas. Reference to Plate L~ shows that the main 
difference between the lignites of Torth Dakota and the sub­
bituminous coals of the Centralia-Chehalis field, for example, 
is the moisture content. This would mean lower drying cost 
for the Washington coals. In fact, there appears to be noth-
1ng to interfere with the application of the combined producer­
gas and briquetting process to the coals of southwestern Wash­
ington, and this would fm·nisb an extended market for coals 
at present used only locally. 

T.be development of the third process, that of pulverizing 
d1·ied coal, has been brought to a successful stage hy e:i,.,rperi­
mentation carried on in Seattle under the direction of W. J. 
Santmyer, advising steam engineer for the Puget S011nd 'l'rac­
tion, Light & Power Company. Earlier work done in the 
E ast made possible the use of powdered coal in cement fur­
naces and in reverberatory fiu·nace ·work, but the application 
to steam boiler practice was not wholly successful even on the 
small scale operation of the fe,v pla11 ts which attempted it. 

Without going into the mechanical details of the pulver­
ization plant the essential phases of the process, as developed 
by Santmyer, may be listed as follows: (1) the preliminary 
crush ing of the raw coal by which it is reduced to about one­
inch size; (2) the drying, in which the moistm·e coutent is re­
duced to four pel· cent or less; (3) the pulverizing, by which 
the crushed and dried coal is ground to a fineness permitting 
95 per cent to pass a 100 mesh sc1·een and 85 per cent to pass 
a 200 mesh screen; ( 4) the feeding, by which the pulverized 
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coal is charged into the furnace thl'ough a burner whfoh 
mixes the coal with air in the desired pl'oportfons; and (5) 
the slagging, by which the ash co11tent of the coal, as molten 
sJag, is accumulated and removed from the .ft1rnace pit. 

Results obtained through pulverization of coals of the sub­
bituminous type are of special interest in connection with a 
study of the coals of southwestern Washington. Such coals, 
which gave an evaporation of six and one-quarter pounds of 
water per pound of coal on chain grates gave over eight anrl 
one-half pounds of water per pound of powdered fuel. This 
corresponds to an increase o:t about 25 per ce11t in the evapora­
tive efficiency of the raw coal. 

After several months of careful experimentation on a mod­
erate scale, utilizing all obtainable grades of coal from high 
rank bitum:ino11s to low gl'ade lignite, it was conclltded that 
all the coals mined in ,vestern Washington could be success­
fully btll'ned in this prepared fo1·m. It is to be noted that 
the increase in efficiency was greater for the lower rank coals 
than £or the coals of bituminous 1·ank 

'fhe physical possibility ot the use of the subbituminons 
coal of this state having been demonstrated, there remains for 
consideratio11 the .factor of cost of operation of the pulveriza­
tion plant in relation to the increased value of the coal throngh 
preparation. While further experimentation is necessary to 
.finally ascertain tl1ir, factor, it is believed that the cost will 
lie between 50 cents. and one dollar per ton, of prepared coal. 
In this com,ection the suggestion_ to establish the pulveriza­
tion plant at the mine and transmit by wire the power de­
veloped is valuable. This would permit the utilization of a 
much larger percentage of the coal mined than is at present 
used, since the "fines" and mucl1 of the other waste can ap­
pru:ently be successfuJly burned a.fter prepat·ation. 

'l'he success that has attended tl,e development of this 
process makes it evident that by this means there is opened a 
vast!>- extended market for the coals of this district. The 
Tono coal, for instance, is reported to give a high efficiency 
and to "btwn Like oil. " The ease of adjusbnent of the plant, 
to meet the demands upon it by the different kinds of coal, 
make it safe to count upon the availability of practically all 
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the coals of the field. A. large percentage of the coal tha1 in 
present practit:e is lost or wasted might be utilized in the pul­
Yel'izing plant aod hence tlte actual recovery from the mines 
will be increased. 

The 0.-W. R. R. & K Co. have begun experiments look­
ing toward the utilization 0£ powdered fuel in locomotives, 
lmt the present demand for rnilroad facilities has necessitated 
the postponement of this line of investigation. Meanwhile 
the establishment in Seattle of several boiler plants making 
nse of this process of preparation is an indication tl1at pulveri­
zation is economically feasible. 

It is evident then, that while some extension of muket 
tmder present methods of use is possible and, indeed, to be ex­
pected for the coals of this district, the forther application 
of one or more of the methods described above for the prep­
aration of the coal will inevitably lead to the marked exteusion 
of the use of these coals and a corresponding development of 
the coal mining industry of southwestern Washington. 



COUNTY 

Olnllam ............ 

Ring . . ....... . . . ... 

Kittitas ............ 

Le,ri.s ... ....... . ... 

Pierce ........... .. . 

Sk11grt . .. ....... . .. 

Tb.urston . . . . . .... . 

Wb11tcom ...• . ..... 

Stote •.rotols .. 

1908 

2,079 

916,672 

1 ,411,263 

58,275 

553,4.06 

APPENDIX A. 
COAL PRODUCTION IN WASHINGTON, BY COUNTI ES, 1 908-1917. 

(In Short Tons) 

1009 1910 19ll 1912 1913 1914 1916 

2,702 606 .. ... .. .. .... .. .. ...... ... ........ .... ... .... ........ . .. ...... . ... 
1,215,327 1,311,870 l,W,588 1,050,953 l,3:W,274 1 ,042,0()7 84;~,966 

J,550,500 1,007,463 J,2S4,S45 1,235,690 1,380,596 1,237,56-1 879,002 

101,450 172,219 158,801 127,982 148,592 87,558 7$,259 

015,284. '784,961 '795,768 789,320 882,272 653,841 4SS,693 

·············· ......... .. .. · ·· ·· ···· · ·· · .... ......... ········· ···· ·· ··········· . ............ ............ . 
16,032 00,740 20,955 03,8,JO 136,478 153,688 )12,189 ll2,096 

18,963 14,632 12,ilii 3,,fi6 6,523 7,325 6,602 6,255 

2.977,400 a,590,630 I 3,979,569 3,5.is,322 8,346,940 3,478,013 3, 0-10 , 361 2..109,881 

1916 

·········· ··· 
880,275 

1,316,993 

100,121 

633,162 

··· ···· ·· ···· 
165,066 

5,083 

3,010,600 

1917 

··· ··········· 
1,SH,366 

1,741,287 

130,576 

606,049 

1,000 

20-1,688 

4,841 

4,002,759 

~ 
C,1.:1 
(X) 

~ 
~ 
'"s::s 
Ct, 
;;s 
~ ~-



APPENDIX B. 
MINE PRODUCTIOX lN SOOTHWEJSTERN WASHINGTON. 

(In ShOrl Tons) 

MINE Opern ling Date 

KEtS0-0.\STLE ROOK AREA 

Anchor. . . .. .. • . .. .. .. •. . . . . •• .. .. . .. . . 1891-1896 .............................. .. 
Jdfemnn. . . . . . .... .. .. .•• . .... .. . ... . . . 1!\W-1600 .. ....... . ..................... . 

Total ... ....... .. . .......... . 

OF.NTR.U.IA·OlIEIIAJ,TS AREA 

'Plorence ................. .. . .......... . 1801-1895 .................... ........... . 
Eureka .............•.................. 1892-1695 ...... .. ..... ....... .. .. ... .... . 
T,eonords ........... . ... ........ .. ... .. 
ltosenthal. ......... . ................. . 

ll\.WHSOO; 1016 ........................ .. 
1805: 1011-1017 ... . ............ . ........ . 

Howen .............. ....... .... ... .. . . 
Crescent .............................. . 

10031014; 1010-1017 . . ............... ... . 
I003 1908 ... .. ....... . ........ ......... .. 

GJbson ................................ . l!l0-1 -1917 ... .. ... .................... .. .. 
Potlnteh ... .. ............ ............. . 1000-1011 ... .. ........ .......... . , •••.••• 
'P~rth ................................. . 100&-1010 ........ ... .......... ... ....... . 
Fordt'- Prnlr!e ......................... . 
Sheldon ............................... . 

1010-JOli ............................... . 
ll\12-1017 ........ ....................... . 

Flulnl,•r ............................... . 1913- l!IH ....... ....... . .. .............. . 

Total. ...................... . 

TE~'TNO-MENDOTA AREA 

nucodn ............................... . 
Grent Western ............ . ....... . .. .. 
'Koplnh .......... .... . .............. .. . 

l8$7-1S9l; 19H; 1917 .................. .. 
1003-1007; 1009 . ....................... .. 
1006-19H .............. . ................ . 

131ack Bear .......................... .. 
Rlchn,on\l .. ............. ... . ......... . 

)907-lOOS; 1911 ... .. .................... . 
1907 ................................... . 

llanno ford No. 1 ..................... . 1007-1917 ............................... . 
Meudotu .. .•...................•....•.. l flOS-1917 .......... . .................... . 
:\iaje;,tlc .. . ..... .. .. ........ .... ..... .. 1011 ............... . .................... . 
F.mpres$ .............................. . 
Monarrh ............................. .. 

lITTll--1017 ............................... . 
1018: 1015-1017 ........................ .. 

Free_ .Burn .................... . ...... .. 1916-1917 ....... . .... ...... ............ .. 

Total . ...................... . 

)IINERAL LAKE A.REA 

!.add......... . .......... .............. 1006 1000 .............................. .. 
1':as~ Creek. . . .. . . • . • . .. .. • . .. .. .. .. • .. lll07 1017 .............................. .. 
t>lvltle. .... • . .. • .. .. .. •• • . . . .. . . . . • . . . • 1012-lOll> ............................... . 

1'otal ................... . . .. . 

Total 
Production 

4,02.1 
2,000 

6.089 

14,430 
10.476 
4,341 

.9.655 
4,932 
4,023 
5.135 
8, '196 
2,455 

4u,OS0 
21,633 
1,7Zl 

176,326 

70,952 
65,755 

233,483 
10,340 
6,112 

1,072,627 
348,1J7 

395 
26,867 
10,US 
6,067 

l ,Sl9.S:l3 

31,816 
2-18.658 
16,912 

'l!Yl,886 

Grnnd Total. ................ 
1
• .... .. • ..... .. . • .. .. .... .. ...... .... .. .. . 2,820,234 



APPENDIX 0 . 
ANALYSES OF COAL SAMPLES FROM COVvLlTZ, LEWIS AND "£HURSTON COUNTIES. 

OOWL!'l'Z COCIN'l'Y. 

Name of Mine ot Form of 
Exposure 

LOCATION 
Lubo-1 I Air· I ratory ury:lng1 
No. Qua r-1 sec. l•rown-1 loss 1 

tcr tionl ~hlJ) R11oge, 

Form of 
Analysis 

PROXTMA'l'E 1 UL'rIMA'l'E R eotVoluc 

ture Mat- Unr- . \ sh pbur dro- 1>110 gen iren rles mill Mols-1 v~::· 1 fixed I 18111-1 RY· I Car· I Nitro-I Ox>·· I Onlo-1 ~!
1
:.b 

tcr bon gcn Uulls 
---------1--1--!-l--l--1 ----!--,-- -----------.--.-- --
Prospect, 12 ml. W. ot Kelso 6760 SW. 26 ON. 3W. ....... As received. 15.2,1 36.28 

(llncly li'IOUild). Dry coal .... ...... 42.SO 
Pure eonl ... ...... 65.12 

PrQspect, 12 ml. w. o! Kelso 0700 SW. 20 9N. 3 \V. ....... As nicelved. 22.22 83.$0 
(coarsely ground). Dry cool ...• ...... 42.81 

Pure coo.I ..• ······ 55.12 

Prosp2ct, 12 mi. W, ot Kelso 6761 5''V. 2ll 9N. 3W. .... ... As received. 16.26 36.33 
(coarsely grouuct). Dry coo.I •... ...... 43.88 

Pure coo.I... ...... 54.72 

LEWIS COON'l'Y. 

Prospect on Carlton Creel-.•. 1 9003 I ~'W.I 20 I 15 N. I ll :E. I 7 .8 I AB received. o.s 6.8 
Air dried ..• 2.1 7.1 
Ory coal .... ······ 7.6 
Pure cool... ·· ···· s:u 

Prospect on 01u-lton Oreek ... I 0001 I SE. I 1 I I4N. I 10 .E. I 3.5 I A~ received. 4.2 10.5 
AJr drlod ..• 0.8 10.8 
nry coal. ... ...... 10.0 
J>ttr•• COil i... ...... 17.0 

20.a1 
34.S.i 
~~.ss 
27.11 
S4.S7 
44.!iS 

80.05 
35.69 
{5.2S 

13.6 
11.s 
15.l 
li0.6 

51.2 
63.1 
M.5 
i;a.o 

Js. w 1 ·1.
39 1·······1·······1·······1······T······1····· ··. 22.3.-,; 5.18 .... .. ....... . .... . ..... . .. . ............... · 

17.~ 
22. 33 

·l.03 
~-1S 

17
•
30 11.6l 1·······1· .. ··--1··----· 1···--··1·······1·······. 20. 78 6.61 .... . .. , , .••...... . ..•. , ........... .. .... • • 

00 . S 0.25 ....... ....... . .. .... l ,]15 2,000 
76.7 0.27 ....... 1,205 2,170 
77.3 o.zs ...... . ... .... ....... ....... 1,235 2,220 

······· 1.24 .. ..... ....... .. ... .. . .. .. .. 6,440 0,700 

34 . 05 0.4S 8.08 6.'l.61 0.87 7. 01 4,935 s.sao 
36 . 28 o.oo 2.70 65.55 0.00 4 .98 5,115 0,200 
36.50 o.oo 2.73 55.97 0.01 ~-33 5,llio 0,280 . .. .... 0.7S 4.24 86.SS ].41 G.72 S,000 14,400 

._. 
H"-
0 

p.. 
"s:3 
~ 

~ ... 
~ ~-



~ros)l(lct A. on Summit Creek: I 
Primrose Bed. 

(HO! I NW .I J!I I 14 N. I l(l:E. I 

Prospect A. on Summit Oreclc: 909'7 NW. 13 14 N . I IU F, , I 
Primrose Bl!d. 

Prospect A. on Summit Creek; 0102 
Primrose Ded. 

. NW. 13 14 N. I 10 E. I 

Prospect A. on Summit Creek; I 0000 I NW.I 13 I 14 N. I 10 E. I 
Primrose B8<1. 

Fr()spect A. on Summit Creek; I 0100 I NW.I 13 I H N. I 10 E. I 
Frlmroso Bed. 

Prospect 13. on Summit Crook.I 0008 I J','W,I 13 I 14 N. I 10 E. I 

Prospect 0. on Summit Creek.I 0002 I lfW,I 13 I 14 N. I 10 E. I 

l'ro~Jlt'cl K 011 Co,llitz l!i.-er.1 0000 I SE. I 7 I 13 N. I 10 E. I 

2.1' 

$.7 

s.o 

3.1 

:i.o 

2.0 

2.1 

5.6 

uw..-rs OOON'l'Y. 

A$ 
Afr 
11ry 
Pur, 

Ail r· 
Air 
Dry 
Pure 

As r, 
Afr 
Ory 
Pur; 

.\s ri 
Air 
T>rr 
Pur, 

Ais re, 
Air 
r>ry 
Pur, 

As r, 
Air 
Dry 
Pur• 

As 
Air 
Ory 
'Pur, 

As r, 
Air 
Pn• 
Puri 

!elvrd . 
rlc<I. .• 
Olli .... 
toul. •• 

,elvcfl. 
sioo ... 
onl.. .. 
COtll... 

:eh'ed . 
,fed ... 
oot .... 
eoal... 

:elve<l. 
,lrtl ... 
0111. ... 
CORI .•• 

:elvecl. 
·Jell ... 
onl .... 
coal... 

:elvc(I. 
·fed ... 
oar. ... 
mt,J... 

,elved. 
·Je,l ... 
oal .... 
COil!... 

,ofvcd. 
·ic<l ... 
Dhl .... 
ioal ... 

~.6 
o.s ...... ...... 
5. l 
1.5 .... .. .... .. 
8.9 
0.0 ...... ...... 
4.0 
0.0 ...... ...... 
2,7 
0.7 ...... 

······ 
3.7 
0.8 

...... ...... 
2.11 
0.8 ...... ...... 
7.4 
1.0 ... ... ...... 

8,4 r.n.11 28.40 
s.o lit.I 29.2'2 
$.7 lll.b 20.411 

12.3 tri.1 ....... 
8.0 :!O.ll 4!l. 7 
8.!) 38.0 61.0 
9.0 3S.U 62.4 

19.0 Sl.O 

8.0 62.1 35.4 
8.0 ~.7 :!IJ.5 
8.0 P·t.2 86.9 

U.1 l\li.n ....... 
7.1 71.1 17 .52 
7.0 78.4 18.00 
7.7 74.(1 1S.2.~ 
0.0-I ,10.a . ...... 
7.1 71).6 J0.67 
7.3 Sl.l 10.SO 
7.3 SL 7 10.90 
8.2 91.ll ........ 
7.3 ~7.8 41.16 
7.6 40.2 ... ~.89 
7.7 10.ll 42.74 

18.S 80.7 . ...... 
8.6 81.0 0.6 
8.8 83.6 6.8 
8.0 l<l.3 0.8 
0.5 90.5 . ...... 
,.s 62.0 S.5.1! 
6.1 r,:;.1 :rr.o 
5.2 r,ll.2 3';.(l 
8.4. 01.0 

o.oo 3.17 6().00 o.oo 
o.os 2.0,t 01.7S 1.02 
0.118 2.87 62.2:1 1.0:1 
o.oo 4.07 88.20 1.46 

1.00 ....... ....... ....... 
1.0,J ....... ······· ······· 1.05 ....... 
2.21 ...... . 

0.66 ... .... ....... ······· 0.08 .... ... ........ ....... 
o.oo 
1.09 . ...... ....... ... .... 
0.5ii 8.35 71.41 UIO 
0.57 3.11 73.00 1 . 3'1 
0.57 3.113 74.83 l.S<i 
0.70 3.71 00.0'l 1.<lS 

0.62 3.48 'lti.22 1.32 
0.68 3.33 so.st 1.36 
0.64 3.27 Sl.30 1.~ 
0.72 S.67 OJ.ti l.M 

().70 2.04 4UU o.ST 
0.72 2.39 49,00 0.01 
0.73 2.31 40.47 0.01 
J,27 1.03 so.so 1.59 

0.78 ....... ....... ······· o.so ....... ....... ....... 
o.so . ...... ..... .. ....... 
O.SG ······· ....... ....... 
0.'71 ....... ....... ······· 0.78 ······· ....... ....... II.SO . ...... ....... ······· l.SO 

O.'IR 6,5SO 
4.4.J 6,740 
!l.73 5,700 
5.31 8,205 

. ...... 3.325 ....... 3,455 
3,605 
'1,370 

....... J,620 ....... "-,~o 
6,015 ....... 'i,945 

5,86 6,615 
$.20 G,S25 
2.47 6.SS6 
3.02 8,420 

4.69 B,420 
2.00 7,S70 
2.38 7,620 
2.67 8 .000 

6.99 4,410 
4.53 J,675 
3.84 4,010 
0.72 8,050 

....... 7,040 ....... 7,605 

······· 7,f!IO ....... 8,440 

······· 4.,55S ....... 4..825 ....... 4,920 
8,010 

10,o;;o 
10,340 
]0,4~ 
U,770 

5,0SO 
6,210 
6,310 

13,260 

8,1',6() 
8,000 
0,0.'IO 

H,800 

11,000 
12,261) 
12,800 
15,100 

13,300 
13,620 
13, 72() 
15,UO 

7,!!90 
8,2.'IO 
s.soo 

14,400 

13,760 
14 .OiiO 
U,170 
15,200 

8,20() 
8,00() 
8,850 

14.420 

~ 
~ 
'ti 
~ .,.. 
~ 
~-

s 



ANALYSES OF COAL SAMPLES FROM COWLITZ, LEWIS ANO TUU.RS'CON COUNTrES-Contlnued. 
I 

1--' 
1-f:>.. 
L-.:> 

LEWIS COUNTY. 

LOOA'.l'lON PRO:KlMA'l'E I UUL'UlA'l'E H eat. Value 
Labo -1 Air• 

Name of Mine or Form ol ratory drying .Form of VOii\· , BriLlsl1 
Exposure I No. Qua r, See. Town- loss Analysis Molli· tile Fixed Sul- Hy- Oar- Nitro· Q:,:y. Oulo- Ther-

ter tlon shill Range Lure Mat- c,tr· A sb pbur (lro- bon gen gen ric~ mal 
ter bou geu Units 

-------- ----
Prospect, near Ludd . .. ...... -1 04.SS I SE. a l3 N. 4 E. 6.0 As reeelved. 8.5 27.3 -14.S J !>. 4 0.27 ······· ....... ....... . ...... 6,800 10,00> 

Air dt"ie\l ... 2.7 29.0 47. 7 20 . 6 0 .20 ·· · ·· ·· . ... ... .... . .. . .. .... G,20o ll, 17() 
Dry coal. ... ...... 29.9 411.0 21. . l 0 .30 . ...... ... .... ....... . ...... 6,375 1J ,47(> 
Pure coal ... ...... 37.9 GZ. l . . ... ... 0 . 38 . .... .. ....... ....... . ...... 8,085 li,550 

Prospret, ne11r Ludd . . ....... -I 0480 I l!fE. I 26 I HN.I u. 1 5.1 I As r11celved. 9.l 27 .8 33.2 29.0 0.63 ....... ....... ....... ....... g,~75 8,0liO ~ 
Air dried ... 4.2 29.3 3.5.0 31.. 5 O.GG ....... ... .... ....... ....... 4,715 $,<Ill() ~ Dry conl ... . .. ... . 30.0 00.6 S2. 9 0 .69 · · · ·· ·· . ... ... . .... .. . ...... ·1,92.'; 8,500 'ti Pure coal. .. ...... lo.O 5~.4 .... .... l.03 ....... . ...... ....... ....... 7,830 13,200 {,) 

Pros11!'CL, near Ladd ......... -1 6-100 I NF.. I JO I 13N. I ,I E. I 8 .7 I As received. 13,.5 21.7 49.6 15. 2 0.86 5,3$5 9,<JIO 
~ ....... ....... ....... ....... I;).. 

Afr dried ... 5.8 23.8 5,1.3 16 . 6 0.88 ....... ... .... ....... . ...... 5,St5 10.630 .... 
Dry coal.. .. ...... 25.1 57.3 17 . 6 0 .40 . .. .. .. ... .. .. .. .. .. . ....... 0,165 11,100 ~ 
:Pure coal... ...... 30.5 69.5 . . - .... 0 .49 . ... ... ... .... ....... . ...... 7,485 13,470 

J'rOSfl-Ct. non r l,lidd .......... 1 Gl!l6 I SE. I 841 Ll N. I rn.l 8.6 I As received. 11.2 31.3 47.1 10.4 0.66 .... ... ... .... ....... . .... .. 6,195 11,160 
Air dried ... 2.9 34.2 51.6 11.<l 0.61 .... ... ....... ....... . ...... 6,775 12,200 
Dry conl. ... ...... 85.2 63.l 11.7 0.03 . .. .. .. ....... ..... .. ....... 6.975 12,GClO 
Pure conl.. . .. .. . 31).0 00.1 . . - .. .. 0.71 . . . .. .. . .. .. .. . ... . .. . .... .. 7,005 14,230 

J'ros11ect, near Ladd ........• ,I GlOO I ~'W-1 U I 13N.I 4 E. I 5.8 I As rece.ived. 8.1 4.G 62.4 !M . 9 0.30 ....... ....... ....... ....... 5,4:io 9,620 
Afr dried ... 2.6 <1 .9 !lG.2 26.4 0.82 .... ... ....... . ...... ....... 5,70,~ 10,420 
Dry cool .... ...... 6.0 67.0 27. l 0.83 . ...... ... .... ....... ....... 5,040 10,60Cl 
:Pure coal ... ...... 0.8 Dll.2 . . - .... 0.45 . .... .. ... .... . ... . .. ....... 8,150 1A,67U 

EnsL Or~~k- Lndd, ut Lnrl(l, 
I 

9SS'.! I S \V. I 13114 N. I a.I 2.7 I As reaei ved. 4.] 2(1.9 61. 7 17 .31 1.26 <I.ST 00.51 1.31 S.74 o,r,oo 11,SGQ 
No. 2 Bed. Air , Irle(.) . . . 1.4 '!7.7 5S. 1 17 .7'.) 1.29 G.70 6$.36 1.35 O.ot G,770 12,lOU 

Dry coal. ... 28.1 6:$.!l It:, .oo i.:n 4.61 60.34 1.37 5.32 6,$70 12,ll(;U 
Pure cOtll ... ...... 3'1.2 13.i.S . . - .... 1.00 j'j,(1.3 S,1.62 1.07 6.JS 8,8$0 1!;,0!JU 



LP:WlS OOUNTY. 

.Enst Oreck-Lndd, at Ladd, I 0881 I NW., 13 1 14 N., n. l s.s I As rccelvrc:I . 6.3 34.'7 37.0 Zl .• 4 0.83 ....... ....... .. ..... 1 ....... 5,57li 10,030 
No. S .Bed. Air dried ... 3.1 !!5.8 :JS.fl 22.2 0,66 ....... ....... ... .... ....... 5,766 10,370 

Dry con!.. .. 87 .0 40.1 !?2.0 o.so ...... . ... .... ....... ....... 5,9-00 10,710 
Pure conl. . . ...... 47.9 62.1 ....... 1.15 . ...... ....... .... .. . ....... 7,710 13,880 

East Oreek-Ladd, nt Ladd, I 9Sll0 I NW., 131 UN. , 4E., ~ .• I As received. 7.2 34.4 37.S !?O.G 0.53 ....... ······· ....... ....... 5,616 10, IIO 
No. a Bed. Alr dried ... 3.0 35.9 39.G ~I.G o.oa ...... . ....... ······· ····· ·· 6,876 10,570 

Ory coal .... ...... 37 .o 40.S 22.2 0.57 ....... ....... ....... ....... 0,0f,(J 10,SOO 
Pure coal ... .... .. 47.6 62.4 ....... 0.73 . ...... ....... ....... . ...... 7,7&) 14,010 

Ea~t Oreck- Lndd. nt Ladd. I 96'191 NW.I 131 H N. I 4E.l 5.2 I As received. 8.0 8'2.5 84.4 24.5 O.S!l ....... ....... ······· . ...... (i,135 0,240 
No. ~ Bed. Afr drl•,l . .. 3.0 ~.3 so.a 25.S 0.(1() ....... ....... ..... .. ······ · fi,4Hi 0.750 

Dry cool .... SS.6 !17 .o ~LS ().93 ....... ....... ······· . ...... 6,616 10,llO 
Pore cool ... ...... 48.6 51.4 . ...... 1.27 ....... ....... . .... .. ....... 7,670 13,&Xl 

East Or•e.:-Lndd. at Lndd, I 64931 SW. I 12 1 14 N. I 4E. I 2.4 I As r~c~lvrd. ~ .4 26.6 51.5 17.5 1.00 .. ... .. 16.330 11,400 ~ 
No. 2 lled. Air orlod ... 2.0 27.S 52,i; 17.0 1.08 ....... 6,l90 11,0.<;!J ~ 

Dr>' con1 .... 27.8 5.'\.9 18.:J 1.10 ······· .. ..... ....... . ..... . G,625 11,920 '"ti 
Pure coal... ...... Sl.O 66.0 . ...... 1.36 ....... ··· ···· ....... ..... . . 8.110 14,600 a. ..,, .,.. 

East Oreelc-Lndd, n t Lor.Id, I 6404 j NW,j 13 j H N. , 0:.1 2.3 J As received. 5.6 88.9 40.4 20.1 0.01 ....... . .. ... . ....... ···· ··· 5,775 10,800 ~ 
No. 3 .Bed. Air dried ... 3.t 34.7 41.3 20.6 0.02 .. ..... 5,01(1 10,630 .... ....... ....... ....... ~ Dry coot .... 85.9 !2.8 21.3 0.65 ....... .... .. . ....... ······· 6,115 11,010 

Pure coal ... ...... (5.7 6L8 . ...... o.ss ....... ... .... ....... . .. .... 7,700 13,060 

Eost Orcek-Lad,t , at Lodd, l 6·1821 ?>'W., U 111 N., 4F.. , 2.0 I As received. 6.4 31.2 40.1 22.~ o.ss ....... ... .... .. ..... ....... 6,470 0,840 
No. 4 J3ed. Air drl~d ... 8.0 32.l 41.3 23.0 0.01 ....... ....... ....... ...... . 5,630 10,l;it) 

Dry COlll .... 38.9 42.1) 23.S 0.9.1 ....... ... .... ....... ······· 6,845 10,520 
Pure coul... .. .... 43.7 50.S ...... . 1.23 ....... ....... ··· ···· . .. .. ... 7,665 13,SOO 

East Oreek-L1u1t1. ot J.od<l, I 6491 I sw.112 1 H N. I 4 E. I S. 0 I Af rceclvcrf. 10.7 25.9 17.1 16.:l O.R4 ....... ....... ...... . . ...... 5,805 10,500 
washed cool from No. Z Air ,lrled ... 2.0 28.4 61.7 17.!l 0.0'1 .... ... ....... ....... . ... ... 6,44.(l u.r;oo 
J3cd. Pry cool .... 20.0 62.7 1s.a 0.04 ....... ....... ....... ....... 6,570 11,8:lll 

Pare coal. .. 35.5 &1.5 ·· ····· 1.16 ....... .... ... ....... ....... 8,040 li,4Sll 

?Mndotn, nt Meoclota ........ 1 10324 I SW, I SI 14 N, I 1 W,I n ,5 I As rr.cPlvM. 20.5 33.r. 33.7 12.81 1.21' r,.~ lRnJ O.!t'2 l!0.•14 1,830 8,000 
Afr dried . .. 10.2 37.8 38.1 13. 91 1.45 6.0J 55.27 o.oo 22.83 5,455 9,tSO 
Ory coal .... ...... 42.1 42. 4 1;;,40 1.01 ~.98 61.50 l.o:l 1Ft.!l3 B,Cl'm 10,040 
Pul'll conl ... ...... 49.8 00.2 ······· 1.m 5.Stl 'rZ.$4 1.22 18.14 7,100 12.0J.O 

I-' 
..i;:.. 
~ 



ANALYSES OF COAL SAMPLES FROM CO\VLITZ, LEWIS AND '.rHURSTON COUNTIES-Continued. 

LEWIS COUNTY. 

LOOA'rION PROXlMATE I OL'.L'T~'.l'E 
Labo- Afr-

Nnmo of l\finc or .Form of ratory drying .Form ot Volll· 
Ezposurc No. Quur- SOO· ·rom1- loss Analysis Mo1S· toe FlxeU Sul- _(ly. Car· Nitro- Oxy-

ter Uon sbill Range tu:re .Mat- Oar- r"\sh pbur dro- boo gon gen 
ter boa gen 

----- -- ------- - - ------ - ---

Menrlota, at Mendota ........ 1039.3 SW. s HN. lW. 0.0 As recelvod. 10.S 33.S 34.3 12.02: J .17 6.09 6().00 o.ss 29.39 
Alr dried .. . 10.7 87A 87.0 18.06 1.29 6 .44 55.31 0.92 23.0S 
Dry coal .... ······ 41.0 42.ii 16.63 1.'15 4,77 61.92 J.03 )5.20 
Puro conl ... ...... 49.7 50.3 . ...... 1.72 6.6.i 73.87 1.2.2 lS.04 

Mendota, ut Mendota ........ 29565 SW. 3 HN. l IV. ]2.0 AB recel vcd. 10.75 35.16 31.02 13.47 1.17 G.00 48.60 0.92 29.84 
A1r dried ... 8.sa 39.0o 35.92 l&.80 1.88 5.30 55.22 l.05 21.$0 
.Or)' coal.. .. ..... ·1 •s.s1 30.dl 10.78 1 .16 '.1.76 60.66 l.15 16.80 
l'urq coul ... ...... 52.04 47.00 ..... .. 1.75 5.71 72.77 1.ss 18.39 

Fords Prnirie, 3 mi. N. of 29ool NW. 30 loN. 2W. 21.5 As received. 29.81 . 32.l,$ 29.49 7 . 82 0.01 6.04 43.07 0.76 40.2.1 
Oentrulln. Air (lrled ... ]0.55 4J.90 :~.50 f) . 00 0.78 5 .41 5\l.03 o.oo ~1.87 

Dry con!. ... ... ... l6.S4 42.02 11.14 0.S-7 4.74 02.64 1.07 10.54 
Pure coul. .. ······ 52.71 H.21) . ....... 0.98 (i.33 70.50 1.20 21.90 

Richmond, lY., ml. NF.. of 9177 SW. ~ 15N. 2w. 14.0 As recefl,ed. 20.7 32.8 32.l S.4.1 1.52 0 .60 46.86 0.79 3(LSS 
Oeotrallo. Air dTiecl ... 13.9 88.6 87.7 9.SS l .70 5.SO 63.S$ 0.03 '!:1.72 

Dry COili .... ...... 44.7 43.8 11.,1;7 2 .0'7 4.05 62.66 1.08 li.67 
Pure coal ... ...... 51).5 19.5 . ........ 2.3-1 6 .69 70.68 1.22 20.17 

Superior, No. l, 1 ml. N. ol 0042 ...... ..... 14 N. 2W. H.:l ,\s received. 27.2 !1$.S 2!1.1 10.92 0.33 0.27 43.SS 0.60 37.80 
OhehnllK. Air dried ... 16.0 29,5 3'2.8 l2.7g, 0.3S 5.46 51.20 0.03 29.29 

Dry cool .... ...... 40.4 $.6 H.00 0.45 4 .4(1 60.25 1.10 18.75 
Fure coal ... ...... 5!.0 46.4 . ...... 0 .J;3 U.25 70.87 1.29 22.00 

S1111•rlor. NO. 2, n L Ohehalls. !l'.l41 NF.. ~ HN. 2W. 17.1 AR rec~iv~<I. 3(),ij 8-1.9 2!1.0 4.9:, 1. 2£j 0.60 4GAS 0.76 40.0S 
,\Ir tlrl~cl. .. 16.2 42.1 $.7 fi.07 1..;1 0.02 fi.1.86 o.oo 30.74 
nrv tottl .... ...... 6'/.3 42.0 7.12 1 .sn ti.04. f)!;.,w. 1.(~'l 111.r,2 
Pure CORI.. . ...... 64.1 !H.!l ······· 1.0~ r..4!! 711.40 1.10 21.01 

Beat Voluo 

Drltlsh 
Oalo- 'l'ller· 
ril!S mal 

Units 
-----
4,9'.?0 S,Sf,0 
5,4~0 0,700 
U,000 10,900 
7,2:20 12,990 

5,820 8,G70 
5.47G 9,857 
6,000 10,8.11 
7,217 1.2,001 

4,103 7,(;4-7 
5,343 0.617 
5,074 10,763 
6,728 12, 10} 

4,460 8,030 
5,240 9,430 
6,065 10,950 
6,S70 12,370 

4.,2();; 7,GiO 
4,906 8,830 
5,775 10 .890 
6, 7l)O 12.2!!0 

4,410 '7,930 
5.820 0,580 
0,3-1.6 11 ,420 
6,s:!O l2.21KI 

~ 

~ 
~ 
~ 
~ 
~ 
§ · 



LEWIS COUNTY. 

Twin Olty, l mi. NE. of Ohe- 2()iJli8 :NW. 20 14 N. 2W. 2J.3 As received. 80.7S 33.00 
balls. Air dried ... 7.32 44.2() 

Dry COili ...• ...... 47.76 
Pure coal. .. ...... 54.38 

T1vln Oil)', 1 ml. NE. of O!Je- O!Mli ...... ..... HN. 2W. 10.3 As recei\•ed. 80.G 81.8 
halls. Air drie,I. •. 14.0 39.4 

Dry coal. ... ...... !15.8 
Pure cool ... ...... 53. 3 

OJ1pJ1aJls, 2 ml. ·e. or Oheh11lls. 09,14 SE. 28 LIN. 2W. lii.7 As received. 29.l 34.7 
.\ir dried ... 10.0 41.1 
Dry cool. ... ...... 48.9 
Pure c.onl... ...... &4.9 

Slll'ldoo, ~ ml. F.. of Oheh1llls. rol3 ...... ..... 14N. 2W. 15.2 As rec el ved. 29.9 34.0 
Air dried ... 17.3 40.0 
J)ry coal. ... ...... 48.4 
Pure con] ... 52.7 

Sbl!lclon, s ml. F.. or Obchnlls. 29500 NE. 3$ UN. 2W. 22.$ As received. 31.00 32.65 
Air dried ... 11.18 42.0S 
Dry COil!. ••• ...... 47.32 
Pu.re conl. .. ...... 51.00 

Orcscent, 4 ml. N,v. ot T,lttoll 90JO ...... 22 14N. 3W. 10.1 As received. 32.l 81.9 
Air dried ... lG.1 89.4 
])ry conl .... ...... 47.0 
Pure conl ... ...... 53.9 

MonnTcb, ot Kopluh .......... 29570 NW. 12 HN. l w. 22.5 Al! reeeivcd. 27.62 83.00 
Air dried ... 0.84 43.44 
Dry coal.. .. ...... 40.68 
rore coal ... ······ 53.08 

Porth, 3 mi. N. of Oentrollu. 0178 NE. 29 JfiN. 2W. J2.4 As received. 25.l 32.3 
Air drlrd ... 14.5 36.8 
DtY coal .... ...... 43.1 
J>uro coal ... ...... 48.7 

27.73 8.-!3 0.75 6 .Sl 
37.13 ll .2fl 1.00 5.36 
40.06 12.18 I.OS UlO 
45.6'l ·· ··· ·· 1.23 5.58 

27.9 9.74 0.27 G.56 
:n.;; 12.07 0.3-! 5.47 
40.2 14.04 0.30 4.55 
46 .7 ....... 0 .45 6.20 

28.5 7./ll 1. 77 6.00 
33.8 9.10 2.10 6.87 
40.8 10.83 2.50 4.87 
olli.l ....... 2.80 6.•J6 

30.4 5.75 o.r.s G.98 
35.0 0.7S o.os 6.24 
43.4 l,,19 0.83 6.22 
47.3 ······· 0.90 6.09 

80.55 5.80 0.4(! 6.00 
80.33 7.4I 0.69 6.77 
44.27 8.4'1 0.67 6.10 
>!S.34- . ...... 0.73 6.57 

27.3 8.7 2,07 ....... 
3-'l.S 10. 7 8.GO ··-···· 
40.2 12.$ 4.3$ 
•16.l 6.00 

20.74 8.78 0.99 6.68 
3S.S!l U.33 1.l?.$ 5.40 
41.21 12.10 1.!!7 4.07 
46.92 ....... l.!i6 5.60 

34.0 8.65 0.82 6 .37 
36.8 9.68 o.a~ 5.70 
45.4 11.65 l.00 4.7'1 
61.3 ······· 1.28 6.3!) 

42.62 o.so 40.59 
67.00 1.07 24 .22 
6!.57 1.16 19.Jl 
70.U J.82 21.70 

41.82 0.73 40.88 
6l.S2 0.90 29.40 
60.20 1.05 19.71 
70.10 1.22 22.94 

46.28 0.74 37.85 
63.71 0.88 28.3.t 
83.91 1.04 16.85 
71.68 1 .17 JS.SO 

45.50 0.85 40.84 
r,1.0G J.00 31.05 
G4.S9 1.21 lQ.00 
70.68 t.32 21.41 

44.76 0.76 n.ro 
57.62 0.98 27.57 
64.87 1.10 ]0.85 
70.83 1.20 21.G7 

······· . ...... ....... ..... . . ....... ....... 
······· ....... ······· ....... 

45.3,I O.frl $7.33 
&8.53 1.12 22 .84 
62.83 1.2i 17.46 
71.53 1.38 19.87 

47.26 0.91 25.91 
53.'15 1.04 28.49 
63.08 l.21 18.30 
71.3'.t 1.37 20.00 

4,174 7,613 
5,680 10,060 
(i,080 10,1,:ix) 
6,806 12,350 

4,0lii 7,280 
4,975 8,000 
5,7BG 10,420 
G, 730 12,120 

4,415 1.~o 
5,235 o.~20 
6,2;1() 11,210 
G.,9So 12,560 

4,405 7,930 
5,105 o,a.;o 
0,2$5 11.310 
G,Sl5 12,39...0 

4,286 7,716 
5,517 9,931 
6,212 
6,7S2 

ll ,182 
12,208 

3,970 7,HO 
4,905 8,830 
5,850 10,GW 
6,705 12,0iO 

4,412 7,9,12 
5,694 10,241) 
G,U2 11,002 
6,058 12,524 

4,54() 8,170 
5,180 9,380 
0,000 10,010 
6,840 12,3'>..0 

~ 
~ 
a, 
;;;2 
~ ..... . 
8 

~ 
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ANALYSES OF C04.L SAM.PLES "FROM CO,VLITZ, LEJWIS AND '£HURSTON (.;OUNTIES-Conc1uded. 

THURSTON COUNTY. 

LOOATION PRO.XH1ATE I ULTDJATE 
Labo· Air· 

Nome of Mloc or Form of rntory 
Sec- lTown-

(lr,fng Form o! I Vola-.Exposure No. Qunr- loss Analysis MoiS· tile Fixed Sul- ]3.y. Oar· Nitro· Ox y· 
ter tlon •hip Rnnge ture Mut- Car- Ash pbur dro- bon gen geo 

t~r bon g eo 
------- - I- I-

liunnolord, No. 1, a t Tooo. OOS9 SE. 20 15N. 1W. 10.0 A~ reecl"ed. 21.0 33.1 00 .7 9.2 0 .42 ....... .... .. . . .... .. ....... 
Alr dried ... 6.9 39.6 43 .7 J.0 . 9 0.50 ······· ....... ....... ··· ···· Dry cool.. .. ...... 42.0 46.4 1.1 . 6 0.53 . ...... ... .... ....... ....... 
Pure coal .. . ... ... 47.5 52.6 · ······ 0.60 .. ..... . ...... . ...... .. ..... 

Honnlllord, No. l, a t 'l'ono. 9573 SE. 20 15N. 1 w. 7.2 As rccef"ed. 21.5 31.S I 40 .1 6.04 0.43 6.34 52.61 1.11 33.47 
Air drlccl. .. 15.4 34. .3 43 .S 6 . 51 0.<10 5 .97 56.69 1.20 29.l'T 
Dry CO!II. •• . ······ ~().5 5l .S 7.61) 0 .55 5.08 ()6.99 1.41 18. 33 
Pure coal... ... ... 43. 9 f,6 . ] . ....... 0 .60 5.45 72.57 1.53 19.65 

Hannaford , No. 1, at Tooo. 0005 NE. 20 15N. l w. 17.4 As recei"ed. 23 .. 6 Sl.O 37.3 8 . 13 0 .36 -0.19 50.36 1.02 33.94 
Air dried .. . 7.4 37.6 45.2 9.84 0.44- 5 .16 60.97 1.23 22.36 
Dry coal. .. . .. .... 40.6 48.S J.0.63 0 .47 4.68 65.85 l.33 l7.M 
Pure con!... ... .. . 45 .3 54.7 ···-··· 0 .53 5.24_ 73.68 J.49 ]0.06 

Hannaford, No. 1, a t Tono. 9094 SW. 21 15N. lW. 16.8 As roceived. 22.2 31. 7 3'7.0 9.1 0 .35 ....... ....... ....... . ...... 
Air d ried ... 6.5 38. 2 44.4 ] 0 . 9 ' 0 .42 ....... ....... ....... ....... 
Dry coal. .. . ...... 40.S il7,ij 11-7 0.45 ....... ....... ······· ....... Pure conJ ... .. .... 46.2 53.S . ..... . 0 .51 .. ..... ....... . ...... ... .. .. 

Hannaford, No. 1, nt Tooo. 00'.)6 SW. 21 15 N. lW. 16.7 As recel"cd. 22. 7 31.0 38.3 8 .02 0.87 0.19 49.56 1.08 34.'ll! 
Air dried . .. 7.2 37.3 4.5.9 9.68 0.44 5.20 59.i;O 1.30 23.93 
Dry coal. ... .... . . 40.1 49 .6 10.87 O.\IS 4.75 64.QS 1.40 18.92 
Pure conl. .. .. ... . 4.4.8 55.2 ······· 0 .5+ 5.30 71.49 1 .56 21.11 

Hannaford, l<o. l, at Tooo, 8752 ...... ..... ....... ... .... 6.7 As recei\'ed. 20.2 31.6 39.9 8.44 0.62 5.93 62.52 l.OG 31.53 
ca r sample, run-ot mine Air dried ... U.5 33.5 42.9 9 . Q6 0 .00 5.66 56.29 1.1~ 27.40 
coal. Dry coal. ... ...... 39.5 49.0 1 0 . 58 o.63 4,61 65.!'3 1.33 17.00 

Pure conl ... ...... 44.0 56 .0 ... ... . 0.73 5.16 73.62 1.40 10.00 

H eat Value 

British 
Calo· Ther-
rfes mal 

UoJts 

4,~ 8,910 
6,800 10,610 
6,265 ll,270 
7,085 12,760 

5,095 9,170 
6,490 9,850 
6,($5 11,670 
7,026 12,6'10 

4,750 8,550 
5,750 10,360 
6,210 11,180 
6,950 )2,510 

4,765 
5 ,720 

8,5(;() 
10,290 

6,116 ll ,000 
6,925 12,MJO 

4,795 8,630 
5,755 10,360 
6,200 ll,]60 
6,915 12,340 

5,150 9,280 
5,520 9,940 
6 ,460 11,680 
7,230 ]3,000 

-~ ~ 

~ 
~ 
~ 

~ 
~ a· 



THURSTON COUNTY. 

Ham1aford, No. 1, at Tono, 29566 NW. 21 16N. IW. 16.3 Ag received. 21.00 3-1.77 
upper bench. Air ctcled .•. 6.<1-,l 41.6,I 

Dry coal . ... ...... 44.40 
Pnre coal ... ...... 51.09 

Bannntoro:1, No. 1, at Tono, 29'""67 NW. 21 15N. lW. 15.l AS received. 22.01 33.91 
m!nlng beJ1ch. Air l;lrle(l ... S.00 39.96 

Dry con! .... ...... 43 .76 
.Pure coat... ...... 49.4$ 

Blaclr Bear, 2 1111. SR o! 9939 SW. 31 16 N. l w. o.a As received. 16.0 81.9 
Tenino. Air dried ... 10.4 ~-0 

Dry coot. ... ...... 37.f) 
Pure coal.. . .. .. .. 52.4 

King, Sml. SW. o! Tenino .... 9981 SW. 35 16N. 2W. 9.5 Aa received. 22.4 33.0 
Air dried ... 14.3 S7.2 
Dry cool. ... ...... 43.4 
Pure coul. .. ······ 50.6 

33.29 10.2~ 1.24 0.29 46.01 
fl9. 7'7 12.25 1.48 6.35 68.43 
42.51 18.09 1.58 4.05 62.10 
<18.91 . ...... 1.82 6.70 71.87 

34.60 8.S9 0.01 6 .30 40.87 
40.SS 10.4-7 0.72 6,44 68.76 
44 . 71 11.47 0.70 4.90 04.36 
50 .57 ....... o.89 5.54 72.70 

28.9 23.19 1.50 5.0l 43 .44 
3().9 U.75 1.60 4.63 46.00 
34 .5 26.Gl 1.70 3.68 61.72 
,J7.0 ... .... 2.47 5.80 il.40 

33.0 10.95 2.40 6.0-J fS.99 
30.4. 12.]0 2.65 5.50 6-1.0I 
4-2.5 H .12 8.()'J 4.58 63.02 
49.G ... .... 3.60 6.33 73.38 

0.08 32.3$ 4,831 
1.11 2!.3S 6,772 
l.19 16.73 6,169 
1.31 111.2! 7,098 

1.0! 88.29 4,828 
1.22 28.39 5,663 
uu 17.H 6,224 
1.51 19.S6 7,031 

0.73 26.10 4,335 
0.7S 21.SS 4,623 
0.87 14.12 5,160 
l.20 19.ill 7,180 

0.72 8"1.01 4.,875 
o.so 24.94 5,385 
0.98 14.26 6,285 
1.08 16.61 7,315 

8,696 
10,390 
ll,104 
12,776 

8,Gl>l 
10,229 
11,203 
12,650 

7,800 
8,380 
0,290 

12,830 

8,i70 
fl,(00 

11,310 
13,170 

~ 
~ 
~ 
a, 
::a! 

~ 
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