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GEOLOGY AND COAL RESOURCES OF THE CENTRALIA­
CHEHALIS DISTRICT, WASHINGTON 

By PARKE D. SNAVELY, JR., R. D. BRowN, JR., ALBERT E. RoBERTs, 
and W. W. RAu 

ABSTRACT 

The Centralia-Chehalis coal district includes about 570 square miles in south­
western Thurston County and northwestern r_.ewis County, Wash., midway 
between Seattle, 'Vash., and Portland, Oreg., and forms a part of the subbitumi­
nous and lignite coal fields of southwestern Washington. It adjoins the Morton 
coal field on the east and the Toledo coal field on the south. It includes a part 
of the extreme western foothills of the Cascade Range and a part of the eastern 
border of the Coast Ranges. 

The consolidated stratified rocks exposed at the surface are: a sequence of 
poorly consolidated nonmarine sedimentary rocks of Pliocene ( ?) and Miocene 
age; the Columbia River ( ?) basalt and Astoria ( ?) formation of Miocene age; 
the Lincoln formation of Oligocene age; the coal-bearing Skookumchuck and 
the Northcraft formations of late Eocene age; and the Mcintosh formation of 
late and middle Eocene age. This sequence of Tertiary rocks consists of inter­
bedded siltstone, sandstone, and conglomerate; some coal beds ; and associated 
volcanic rocks with basalt and gabbro intrusive rocks. The total thickness of 
these rock units in the district is more than 12,000 feet .. Hnconformities are 
present, locally at the base of the Skookumchuck formation, at the base of the 
Astoria ( ? ) formation, and at the base of the Columbia River ( ? ) basalt. The 
contacts between the other rock units are probably conformable. Overlying the 
Tertiary rocks in parts of the district are poorly consolidated gravel, sand, 
silt, and clay of the Logan Hill formation of early Pleistocene age and Vashon 
drift of late Pleistocene .age. Other unconsolidated deposits include sand and 
gravel of stream terraces, landslide debris, and alluvium. 

The dip of the beds in the Centralia-Chehalis district ranges from oo to 90°. 
Most of the major structural elements have a northwesterly trend but a few 
faults trend westward. A large structurally complex anticlinal fold, known as 
the Lincoln Creek uplift, is in the western part of the area. This fold is bounded 
on the north by the northwestward-trending Centralia syncline and on the south 
by the Chehalis River syncline. Except for the Tenino and Crawford Mountain 
anticlines and the shallow Tono basin, the folds in the eastern half of the area 
are narrow and asymmetric, and faults are present along the former axes of 
some of the anticlines. 

The principal faults in the .area are the westward-trending Doty, Salzer Creek, 
and Chehalis faults, and the northwestward-trending Scammon Creek, Kopiah, 
China Creek, Newaukum, and Coal Creek faults. Except for the Chehalis, Salzer 
Creek, and Scammon Creek normal faults, all are high-angle reverse(?) faults 
downthrown to the south or southwest. 

1 
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At least 13 different coal beds have been mined in the district. The coal 
beds range in thickness from a few inches to 40 feet and have an average thick­
ness of 6 to 8 feet. Most of the minable coal is subbituminous C in rank, has 
a moisture content ranging from 14 to 35 percent, and an ash content ranging 
from about 5 to 25 percent. Its heating value varies from 6, 700 to 9,880 B. t. u. 
The coal slacks readily when exposed t() the air because of its high moisture 
content. According to estimates made by the authors, the district contains 
more than 31;2 billion tons of coal, of which about 40 percent is considered re­
cover.able with present mining methods. Nearly 15,000 feet of drilling was done 
from 1949 to 1951 to obtain information on the extent, thickness, physical char­
acteristics, and reserves of coal. During 1951 four mines were operating in 
the area and produced a total of 52,.500 tons of coal. 

Fourteen test holes for oil and gas have been drilled within the area from 
January 1901 to July 1952, but the results of this drilling have not been encour­
aging, and only small shows of gas have been reported. The Mcintosh forma­
tion, which includes a thick sequence of marine siltstone with interbedded sand­
stone, is considered the most favorable formation to test for oil and gas. 

INTRODUCTION 

SCOPE OF INVESTIGATION 

Geologic investigations in the Centralia-Chehalis district were made 
in the summer months of 1948, 1949, 1950, and 1951. These studies 
were supplemented by core-drilling programs for which contracts 
were made in 1949, 1950, and 1951. The area is of economic impor­
tance because of the existence of large reserves of subbitmninous coal 
and the presence of 1narine sedimentary rocks, and structures in the 
surface rocks that may be favorable for the accumulation of oil and 
gas. It is hoped that the information obtained will provide basic 
data useful in the development and utilization of the coal, the natural 
resource which furnishes one of the bases for the potential industrial 
growth of this region. Test drilling for oil and gas, until July 1, 
1952, has been unsuccessful; however, the geologic information con­
tained in this report 1nay be helpful in delimiting new areas for 
exploration within the Centralia-Chehalis district and in other parts 
of western Washington. 

LOCATION OF THE DISTRICT 

The Centralia-Chehalis coal district is in the northwestern part of 
Lewis County and the southern part of Thurston County in south­
western Washington and is bounded by meridians 122° 37' and 123° 22' 
,V., and parallels 46° 34' and 46° 53' N. It includes a rectangular­
shaped area of about 570 square 1niles lying south of Puget Sound, 
west of the Morton coal field, and north of the Toledo-Castle Rock 
coal field. The district is the largest of the subbituminous and lignite 
fields of southwestern Washington. It is named after the two largest 
cities, Centralia and Chehalis, within the limits of the mapped area. 
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Figure 1 shows the location o:f the district, and outlines the coal­
bearing areas in western \ 'V ashington mapped and described in pub­
lications o:f the U . S. Geological Survey. 
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I!'IGURE 1.- Index map showing the location of Centralia-Chehalis coal district, Washington. 
Other areas in western Washington for which U. S. Geological Survey reports are avail­
able are: 1, Eastern part of Centralia-Chehalis district, Map C-8; 2, King County 
preliminary map, 1945 ; 3, Wilkeson-Carbonado, 18th Annual Report, part 3 ; 4, Tacoma, 
Wash., Geologic Atlas folio 54; 5, Glacier coal field, Bulletin 541 (i). 



PREVIOUS INVESTIGATIONS 

The general stratigraphy and structure of a part of this area have 
been known for many years; none of the published reports, however, 
give a detailed description of the geology and the coal deposits. The 
existing published reports are largely reconnaissance studies and 
reports on coal mines. 

Although coal was known from the Centralia-Chehalis district as 
early as 1855, no report of a geologic nature was published until 
Lawson (1894) gave a brief description of sedimentary rocks and 
fossils found during the construction of a water tunnel near the north 
city limits of Chehalis. Landes and Ruddy ( 1903) gave the first 
detailed description of a few of the coal beds in this area. Smith 
(1911) described and sampled the coal beds in mines in the district 
and furnished information about mining operations. The Pleistocene 
history of the northern part of the described area was discussed by 
Bretz (1'913). Culver (1919) described the general geologic features 
of the coal fields in southwestern vVashington and included a recon­
naissance geologic map. A part of his report is devoted to the 
Centralia-Chehalis district and includes several maps that show the 
areas of outcrop of the various rock sequences and the locations of 
many of the mines. The stratigraphic and paleontologic studies made 
by Weaver (1912, 1916, 1937, and 1942) contain descriptions of some 
of the better known localities where fossils were collected in the western 
part of the Centralia-Chehalis district. Weaver (1937) discussed the 
stratigraphic relations of the rock sequences in western Washington 
and northwestern Oregon and included geologic maps for many of the 
areas where fossil collections were made. The western part of the 
Centralia-Chehalis district was mapped by Weaver (1937, pl. 6c) 
but no descriptive text accompanies the map. In a later paper, 
Weaver (1942) presented a detailed study of Tertiary marine fossils 
found in Oregon and Washington and described several localities in 
the Centralia-Chehalis district. 

A report on the Oligocene paleontology of the Chehalis Valley by 
Van Winkle ( 1918) includes a discussion of fossils found within the 
mapped area and a review of the Oligocene stratigraphy of western 
1V ashington. 

Etherington ( 1931) published a study of the Astoria formation of 
southwestern 1Vashington that is accompanied by a geologic map of 
parts of Grays Harbor, Lewis, and Thurston Counties. This paper 
describes the fauna of the Astoria formation and discusses the Miocene 
stratigraphy of the Pacific Northwest. Most of Etherington's work 
was done west of the Centralia-Chehalis district; however, his map 
includes the extreme northwestern part of the area mapped in the 
present report. 
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Cushman and Frizzell (1940, 1943) described Foraminifera found 
in the Lincoln fonnation near the town of Galvin and discussed briefly 
the lithology and stratigraphic correlatives of the Lincoln formation. 

Snavely, Rau, Hoover, and Roberts (1951) named and described 
the Eocene Mcintosh formation from exposures in the northeastern 
part of the Centralia-Chehalis coal district and presented a brief sum­
mary of the stratigraphic relationship of the Mcintosh formation to 
the other rock sequences in the eastern part of the Centralia-Chehalis 
district. 

A report on the geology and coal resources of the eastern part of the 
Centralia-Chehalis area 'vas made by Snavely, Roberts, Hoover, and 
Pease (1951) and the area mapped in the eastern part of the district 
is included in the present report. 

Two preliminary total-intensity aeromagnetic maps of parts of 
Grays Harbor, Pacific, Thurston, and Lewis Counties were released 
on open file by the Geological Survey in September 1952. These 
maps include that part of the Centralia-Chehalis area lying between 
the latitudes of 46° 38' and 46° 51' N. and show the changes in total 
magnetic intensity by means of contours. 

FIELD WORK AND ACKNOWLEDGMENTS 

During the summer months of 1948 and 1949, the eastern part of 
the Centralia-Chehalis coal district was mapped by Parke D. Snavely, 
.Jr., assisted by W. D. Pitt, W. C. Gere, J. D. Hill, and R. E. Wolf 
in 1948; and by Albert E. Roberts, Linn Hoover, and M. H. Pease, 
Jr., in 1949. Geologic studies were extended into the western part of 
the district during the summer months of 1950 by the senior author, 
assisted by Albert E. Roberts, Linn Hoover, M. H. Pease, Jr., W. W. 
Rau, and R. D. Bro,vn, Jr. The mapping of the western part of 
the district was completed during the summer of 1951 by R. D. Brown, 
Jr., and vV. "\V. Rau, under the supervision of Parke D. Snavely, Jr.; 
A. L. Parmer and C. I. McCormack were field assistants for a part. 
of the summer. 

The micropaleontologic identifications were made by W. W. Rau; 
Albert E. Roberts n1ade the petrographic studies. Linn Hoover and 
~{. H. Pease, Jr., assisted in preparing this report. The writers wish 
to thank H. E. Vokes and Roland vV. Brown for the paleontologic 
determinations, and J. M. Schopf for the petrographic studies of 
coal samples. The cooperation of Sheldon L. Glover, supervisor, Divi­
sion of Mines and Geology, Washington State Department of Con­
servation and Development, is gratefully acknowledged. The authors 
thank Dr. H. E. Culver for the use of his original field notes, which 
yielded valuable information, particularly on abandoned mines and 
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prospects. The friendly assistance rendered by the mine operators 
and residents of the area is deeply appreciated. 

The positions of geologic boundaries, outcrops of coal beds, coal 
mines and prospects, and attitudes of the strata were largely plotted 
on aerial photographs. These observations were later transferred 
from the photographs to the base map with a vertical projector. The 
base map was cmnpiled from the Chehalis quadrangle, scale 1: 125,000, 
and Tenino and Y elm quadrangles, scale 1 : 62,500, 1J. S. Geological 
Survey and the Gate and Meskill quadrangles, scale 1: 62,500, Corps 
of Engineers. Additions were made to the road net and drainage 
with the use of aerial photographs. Altitudes plotted on the base 
map are based on bench marks established by the United States Coast 
and Geodetic Survey, Geological Survey, and the Corps of Engineers. 
The position of land lines in the southeastern part of the mapped area 
is in part based upon observation of section corners in the field and 
upon data obtained from maps prepared by engineers of the Weyer­
haeuser Timber Co. 

Three exploratory drilling projects totaling 14,916 feet of core and 
solid-bit drilling were undertaken in 1949, 1950, and 1951. This test 
drilling was undertaken to supplement surface stratigraphic informa­
tion, to obtain information regarding the physical character of the 
coal beds, and to obtain san1ples of coal for chemical analyses. Most 
of the drilling was done in the coal-bearing upper Eocene rock se­
quence. The correlations between coal beds penetrated in the various 
test holes are shown on plate 3. 

During the first drilling project cores frmn coal beds with thickness 
of 30 inches or more were sent to the U. S. Bureau of Mines Experi­
ment Station in Pittsburgh, Pa. for ultimate analyses. The coal cores 
obtained frmn the other two drilling projects were shipped to the coal 
geology laboratory of the U. S. Geological Survey, Columbus, Ohio, 
to be sampled for petrographic studies; the remainder of the cores 
were then forwarded to the Bureau of Mines for chemical analyses. 

Shallow auger drilling during the summer of 1951 with a je.ep­
Inounted auger furnished samples of unweathered rock for micro­
paleontologic studies. 

GEOGRAPHY 

TOPOGRAPHY AND DRAINAGE 

The Centralia-Chehalis coal district lies in the downwarp between 
the Cascade Range and the Coast Ranges, and includes a part of the 
extreme western foothills of the Cascade Range and a part of the 
eastern border of the Coast Ranges. The surface configuration of the 
district is largely the result of streams eroding rocks with varying 
degrees of resistance to erosion. In some areas, the topography has 
been modified by ice action or by Quaternary glaciofluvial deposits. 
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The maxhnum relief in the area is about 2,600 feet. The most north­
westerly point along the Chehalis River lies at an altitude of less than 
75 feet above sea level. The highest point is near the eastern margin 
of the area in sec. 1, T. 14 N., R. 1 E., Willa1nette meridian, and has 
an altitude of more than 2,680 feet above sea level. 

The area can be divided into three distinct types of topograpy, 
all dependent on the underlying rock types. In most places the line of 
den1arcation between these topographic units is well defined. 

In the eastern and northeastern parts of the area, which are under­
lain chiefly by various types of volcanic rocks, the topography is 
characterized by sharp, generally northwestward-trending ridges and 
Yalleys. The altitudes of these ridges range from 1,250 to 1,700 feet 
a hove sea level. The altitude decreases rapidly but rather unifmnly, 
in many places at the rate of almost 1,000 feet per 1nile, away from 
the volcanic highlands, until the n1ore rounded topographic surface 
of the less indurated sedimentary rocks is reached. 

The central and "\vestern parts of the Centralia-Chehalis district 
eonsist of low rounded hills, whose altitudes range frmn 500 to 750 
feet above sea level in the area east of the Chehalis River and from 
t)OO to 900 feet above sea level west of the Chehalis River. In many 
areas, as on Logan Hill, glaciofluvial deposits form tablelike surfaces 
that increase in altitude from about 500 to 600 feet above sea level 
] n the western and central parts of the area to more than 900 feet 
above sea level near the eastern 1nargin of the area. 

The northern part of the n1appecl area is covered by thick deposits 
of till and outwash; the outwash forms low, mounded prairie topog­
raphy. The altitude of these prairies ranges from about 500 feet 
in the northeastern corner of the area 1napped to 100 feet along the 
valley of the Chehalis River. 

The 1napped area is almost entirely within the drainage basin of 
the Chehalis River. The river enters the area frmn the southwest 
near Meskill and flows eastward to the vicinity of Chehalis. Down­
stream from Chehalis the river flows generally northward and north­
westward toward Reising Junction, which is located near the west 
edge of the area. Beyond Reising Junction the river follows a north­
westerly course for 40 n1iles to its n1outh at Grays Harbor. 

The principal tributaries of the Chehalis River in the eastern part 
of the area are the Skookumchuek and Newaukmn Rivers, both drain­
ing the extreme western foothills of the Cascade Range along the 
east 1nargin of the area. These rivers flow westward through narrow, 
steep-walled canyons in the volcanic rocks and emerge onto the 
broad, flat valleys underlain by sedimentary rocks. Both rivers join 
the Chehalis River near the geographic center of the area. The run­
off in the western part of the area is carried largely by Bunker, Deep, 
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and Lincoln Creeks, and their tributaries; the South Fork of the 
Chehalis River drains the southwestern part. A small area in the ex­
treme northeast corner of the mapped area is drained by streams that 
flow northward into the Deschutes River which, in turn, empties into 
Puget Sound near Olympia, Wash. 

In the northern part of the mapped area the drainage is largely 
controlled by the distribution of till and outwash deposits. Marshes 
and ponds are cmnmon in areas underlain by till, whereas most streams 
flowing on outwash deposits are intermittent and have poorly de­
veloped drainage patterns. 

The larger streams flow on broad, level flood plains and are bordered 
in many places by low-level terrace deposits that range in altitude 
from 5 to 20 feet above river level. These terraces are usually poorly 
developed and in most places are discontinuous. A prominent ter­
race, which lies about 35 to 40 feet above river level, was mapped along 
the valley of the Newaukum River and its South Fork; however, 
in places dissection by erosion makes it difficult to recognize this 
terrace. Small remnants of terraces locally lie at higher altitudes 
along the major streams, but generally they are obscured by landslide 
and vegetation and have not been rna pped. 

The rivers in the Chehalis River drainage system have a wide sea­
sonal variation in flow, which is due primarily to the amount of rain­
fall. Figure 2 shows the intimate relation between precipitation and 
surface runoff. 

CLIMATE AND VEGETATION 

The Centralia-Chehalis area, like most of the Pacific Northwest 
coastal region, has a moist te1nperate climate. Mean rainfall at Cen­
tralia for the 10-year period 1938-47 was 38.43 inches (fig. 2), and 
mean annual temperature for the sa1ne period was 52.75° F. Seasonal 
temperature variations are relatively small; winters are usually mild, 
and summer temperatures rarely exceed 95° F. Rainfall is concen­
trated in the late fall, winter, and early spring. During the period 
of heavy rainfall (November through March) the ground is almost 
continually saturated with water and this condition has formed a 
thick mantle of soil above the deeply weathered bedrock. In some rock 
outcrops, the chemical weathering action of ground water has extended 
to a depth of as much as 50 feet. 

The heavy rainfall plays an important part in the mechanical weath­
ering cycle, and the mass wasting of saturated bedrock by landslide, 
slump, and mudflow is common during the wet months. 

Native vegetation in the Centralia-Chehalis area is characteristic 
of that found along the coastal areas of Oregon and Washington. The 
large amount of rainfall, combined with the cool, temperate climate, 
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has produced an environment well suited to the growth of extensive 
coniferous forests. 

Douglas fir is the most valuable and most common timber tree in 
the Centralia-Chehalis district. The Douglas fir forests of the area 
also contain large numbers of grand fir, western redcedar and western 
hen1lock. Mature Douglas fir forests are relatively clear of large 
underbrush but contain an abundant low growth of western swordfern, 
blueberry, salal, and Oregon grape. 

Valley bottoms and ravines contain few large trees ; these moist 
alluviated areas are better suited to the growth of deciduous trees and 
the thorny plants and bushes. Red alder is the most common large 
tree growing in valley bottoms and is usually associated with vine 
maple, bigleaf maple, western black willow, and rarely by silky willow, 
and Oregon ash. These trees grow out of a dense mat of lower plants 
that usually covers the entire valley floor. The lower plants include 
such forms as American devilsclub, blackberry, salmonberry, western 
serviceberry, redberry elder, blueberry elder, and several species 
of ferns. 

Most of the Centralia-Chehalis region has been logged at least once, 
and the logging operations have had a profound effect upon the vege­
tation. Fern, salal, and Oregon grape are abundant in cutover areas 
as they represent the original forest undergrowth. Red alder is the 
first large tree to appear in abundance after logging and is extremely 
common on cutover land. Alder, willow, 1naple, and ash are the 1nost 
common trees in areas undergoing natural reforestation but are accom­
panied by many other forms. Among these are redberry and blueberry 
elder, cascara buckthorn, dogwood, serviceberry and bitter cherry. 
Except for devilsclub and one or two species of ferns, undergrowth on 
the hills is cmnposed of the Saine plants that are common to valley 
bottoms. 

Oregon white oak and black cottonwood cmnprise a very small per­
centage of the total forest growth and are found on the glaciated areas 
in the northern part of the Ina pped area. 

Throughout the area field work was greatly hindered by this dense 
vegetation which reduces visibility to less than 100 feet and causes 
considerable difficulty in n1oving over the ground. 

POPULATION AND INDUSTRY 

Centralia and Chehalis, the two largest cities in the rna pped area, 
are only 2 miles apart and have a combined population of about 15,000. 
Chehalis is the county seat of Lewis County. These two cities are 
the economic centers of the area; they are supported by lumbering, 
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farming and dairying, stock raising, and by the trade they receive as 
railroad centers. The coal-mining industry has made important eco­
nomic contributions to the growth of Centralia and Chehalis and to 
the growth of the smaller towns; however, in 1951 only 55 persons 
were employed in the mining industry. 

Most of the s1naller towns and farms in the area are restricted to 
the alluvia ted or terraced parts of the valleys of Chehalis, N ewaukum, 
and Skookmnehuck Rivers and to their tributary valleys. Many of 
the smaller fanns are on the terraced upland surfaces but, in general, 
the upland areas have not been utilized because of the lack of water. 
A small part of the cutover land has been cleared for cultivation or 
grazing, but 1nost of the logged areas are covered with thick under­
brush and second-growth timber. 

Logging is the principal industry in the area and, although most 
of the virgin timber has been removed, many stands of second growth 
are now being cut. Virgin timber from outside the area also is cut 
or finished at the large sa w1nills in Centralia and Chehalis. 

ACCESSIBILITY 

The Centralia-Chehalis area is crossed by four major rail lines; the 
Union Pacific; Northern Pacific; Chicago, Milwaukee, St. Paul, and 
Pacific; and Great Northern railroads all maintain north-south serv­
ice through the area. The Northern Pacific and Milwaukee roads 
also provide branch -line service to Aberdeen on the Pacific Coast; 
both lines follow the lower Chehalis River through the Coast Ranges. 
Branch lines of the same two railroads connect with the coastal town 
of Raymond by way of the upper valley of Chehalis River. Anum­
ber of small branch lines and logging railroads connect with these 
major systems. 

The Pacific Highway (U. S. Highway 99) passes through both 
Centralia and Chehalis, and is a good, all-weather highway to Port­
land and Seattle. State Routes 9 and 12 provide surfaced roads be­
tween Highway 99 and the Pacific Coast. State Route 5H provides 
a paved road frmn Tenino to Tacmna. Another hard-surfaced high­
way, State Route 51{, extends from the southern part of the Centralia­
Chehalis area to Morton and thence across the Cascade Range to 
Yakima and other eastern "'\::V ashington points. Graveled or dirt sec­
ondary roads provide access to most parts of the Centralia-Chehalis 
area and, where these are lacking, logging roads are usually found. 
The most remote parts of the area mapped are not more than 2 to 3 
miles from the nearest road. 

442728-58-2 
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STRATIGRAPHY 

GENERAL FEATURES 

The rocks exposed in the Centralia-Chehalis district range in age 
from early Tertiary (Eocene) to Quarternary. The total thickness 
of these rocks is more than 12,000 feet, and they consist of marine, 
brackish-water, and nonmarine sedimentary rocks with interbedded 
volcanic rocks. They are folded and faulted and, in most places, are 
now buried by poorly consolidated till and outwash from Pleistocene 
glaciers and by Recent alluvium. The Eocene and Oligocene rocks 
are intruded by dikes and sills of basalt and gabbro. 

Most of the Tertiary strata were laid down near the marine shore­
lines. They therefore show an alternation of marine nearshore and 
offshore facies; and near the ancient coastlines lagoonal, estuarine, 
and terrestrial deposits were laid down. These types of deposition 
give rise both to facies of different lithology but of the same age, and 
to facies of similar lithology but of different age. Generally, the 
offshore marine deposits are thickest in the western part of the area, 
whereas the nearshore and nonmarine rocks are found chiefly in the 
eastern part of the area. 

A summarized description of the rock units exposed in the Cen­
tralia-Chehalis district is given in chart 1. 

TERTIARY SYSTEM 

EOCENE SERIES 

MciNTOSH FORMATION 

GENERAL FEATURES 

The Mcintosh formation was named and described by Snavely, 
Ran, Hoover, and Roberts (1951) from beds that are well exposed in 
road cuts along State Route 5H on the south side of Mcintosh Lake. 
The type area of outcrop for the Mcintosh formation was designated 
as the axial parts of the Crawford Mountain anticline in the 
south-central part of T. 16 N., R. 1 W. The formation is also 
found in small discontinuous outcrops in the drift-covered northern 
part of the district~ and in weathered outcrops in the vicinity of Gate. 
In the extreme southeastern part of the area the upper part of the 
formation is exposed along the axial parts of a small fold in sees. 24 
and25, T. 14 N., R. 1 E. The base of the Mcintosh formation is not 
exposed within the 1napped area; however, about 7 miles west of the 
area it rests upon pillow lavas considered to be equivalent in age to the 
Crescent formation of Arnold (1906) and the Siletz River volcanic 
series of Snavely and Baldwin (1948), both of Eocene age. Basalt 
flows of middle Eocene age are believed to have been penetrated below 
the Mcintosh formation in a test hole drilled by the Ohio Oil Co. in 
sec. 10, T. 16 N., R. 1 W., immediately adjacent to the northern 
bo'undary of the area mapped. 
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A part of the strata rna pped as the Mcintosh formation was pre­
viously included with the younger coal-bearing rocks of the Puget 
group of Eocene age or, in some areas, mapped as undifferentiated 

Eocene and Oligocene (Culver, 1919). The Mcintosh formation and 
the overlaying coal-bearing rocks were shown on the geologic map 
of Washington (Weaver, 1'937) as the Cowlitz formation of late 
Eocene age. 

Several deep test holes within, or adjacent to, the mapped area were 
ch·illed through rocks assigned to the Mcintosh formation. The 
thickest sequence of these rocks was found in the Mottman test hole 
1 in sec. 12, T. 16 N., R. 2 \iV., where more than 4,000 feet of siltstone, 
sa,ndstone, and volcanic ( ? ) rocks was penetrated. The driller's log 
for this test hole showed, below the depth of 2,815 feet, "Black lime 
and hard black rock", which is interpreted by the authors as flows and 
pyroclastic rocks interbedded with the Mcintosh sedimentary rocks. 
Sandstone and siltstone of the upper part of the Mcintosh formation 
were logged in the Oregon-Washington and Scheel test holes, in the 
vicinity of Tenino. About 2,600 feet of marine siltstone, with minor 
amounts of sandstone and pyroclastic rocks in the upper part were 
drilled in the Union Oil Co., of California Bannse ''~ell 1, located in 
the N\iV~ sec. 22, T. 15 N., R. 2 W. In the west-central part of the 
area, in the Chehalis test hole 1, in sec. 17, T. 14 N., R . 3 \iV., more 
than 1,450 feet of siltstone and sandstone that the authors correlate 
with the Mcintosh formation were penetrated in lower part of the hole. 

The Mcintosh formation within the mapped area consists chiefly 
of offshore marine siltstone, with near-shore sequences of arkosic and 
basaltic sandstone in the lower and upper parts. Beds equivalent in 
age to the Mcintosh formation crop out east of the mapped area; they 
are chiefly siltstone interbedded with massive arkosic sandstone and 
coal beds. 

A rock sequence, predominantly of volcanic rocks, is known only 
from outcrops in the Black Hills in the extreme northwestern part of 
the mapped area. This sequence consists of porphyritic basalt flows 
and pyroclastic rocks, with minor amounts of interbedded sedimentary 
rocks. Good exposures of this sequence occur immediately to the west 
of the area, along the Northern Pacific Railway between Oakville and 
Gate and along the Union Pacific Railroad, about 1¥2 miles west of 
Independence. Approximately 1¥2 miles southwest of Independ­
ence, also outside of the mapped area, typical siltstone of the Mc­
Intosh formation over lies basalt flows that are believed to be equi va­
lent in age to part of the flows that crop out in the vicinity of 
Gate. Data from test holes indicate that the volcanic rocks may be 
interbedded with the Mcintosh formation throughout the western 
part of the mapped area. 
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LITHOLOGIC COMPOSITION 

The Mcintosh formation consists chiefly of dark-gray well-in­
durated tuffaceous siltstone and claystone with thin interbeds of tuff 
(fig. 3). Some beds are massive, although at times stratification is 
made apparent by tuffaceous zones or by interbedded sandstone. Ir­
regularly located calcareous nodules and lenses are common. The 
siltstone and claystone are often fissile and are commonly finely 
micaceous. Carbonaceous material and pyrite are present in most 
places. Most beds are laminated, consisting of fine layers of siltstone 
and fine tuff or fine-grained sandstone. These sedimentary rocks 

FIGURE 3.- Tuffaceous siltstone of the Mcintosh formation in road cut along State Route 
5H, 3~ miles east of Tenino. Stratification is made apparent by light-gray tuff beds. 

weather to iron-stained platy fragments and crumbly soil, which are 
mottled light gray or light yellowish orange. 

The upper part of the Mcintosh formation consists of 250 feet of 
massive arkosic sandstone, which has been quarried for building stone 
near Tenino (fig. 4). Dark-gray basaltic sandstone and light-gray 
arkosic sandstone are commonly interbedded in the lower part of the 
formation, in the northeastern part of the area. Sandy strata with 
interbedded carbonaceous layers are commonly found in the forma­
tion immediately east of the Centralia-Chehalis coal district, indicat­
ing that the shoreline of the basin of deposition of the Mcintosh 
forn1ation was east of the mapped area. 
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FrGURFJ 4.-Massive arkosic sandstone in the upper part of the Mcintosh formation , Western 
quarry, Tenino, Wash. 

Microscopic examination of thin sections indicates that the arkosic 
sandstone is composed of 75 to 90 percent clastic grains and 10 to 25 
percent calcite, clay minerals, chlorite, and glass, which form the 
matrix (fig. 5). Plagioclase (andesine) makes up 25 to 40 percent 

FIGURE 5.-~'hin section of sandstone from the Mcintosh formation. Light grains are 
chiefly plagioclase. Remainder of section is composed of volcanic rock fragments and 
alteration products. Ordinary light, X 25. 
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of the rock and in places is in euhedral form with pronounced zon­
ing. Subrounded grains of quartz, commonly strained, make up 15 
to 30 percent of the rock; they contain inclusions of biotite or mus­
covite. Biotite and muscovite make up 10 to 15 percent of the rock. 
Basalt fragments average less than 10 percent of the sandstone. Glass 
is in some of the rocks and is commonly altered to chalcedony. Other 
minerals identified are magnetite, augite, zircon, apatite, and horn­
blende. 

Pyroclastic material interbedded in the Mcintosh formation ranges 
from fine tuff to lapilli tuff. The tuffs consist of basalt fragments, 
and crystals of plagioclase, augite, and magnetite. Many of these 
tuffs are cemented by chalcedony, calcite, zeolitic minerals, and altered 
glass. Tuffs, observed in several outcrops, are so firmly welded that 
on cursory examination they might be mistaken for basalt flows. 

The volcanic rocks interbedded with the Mcintosh formation are 
composed predominantly of massive porphyritic and vesicular basalt 
flows, with a minor amount of pyroclastic and marine sedimentary 
rocks. The basalt generally has a porphyritic texture with an inter­
sertal groundmass, but in places has a trachytic texture (fig. 6). 

FIGURE 6.-Porphyritic basalt flow in volcanic member of Mcintosh formation, in NW~ 
sec. 9, T. 15 N., R. 4 W., showing large corroded phenocrysts of labradorite with a 
~ranular groundmass of augite and labradorite. Ordinary light, X 40. 
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Phenocrysts of plagioclase feldspar are most common; phenocrysts of 
augite and hypersthene occur in s1naller amounts. The plagioclase 
phenocrysts are labradorite with zoned borders; the laths in the 
groundmass are alkalic labradorite. Plagioclase feldspar comprises 
about 55 percent of the rock. Pyroxene, occurring as phenocrysts and 
granules in the groundmass, forms 15 to 25 percent of the basalt. 
Euhedral to subhedral crystals of magnetite and ilmenite occur in 
the groundmass and form 3 to 15 percent of the rock. Minute acicu­
lar crystals of apatite and volcanic glass are found in the groundmass 
in n10st thin sections. 

Secondary alteration by hydrothennal solutions has formed a con­
siderable amount of chlorite 1ninerals, biotite, kaolinite, 1nagnetite, and 
zeolites. The plagioclase feldspars alter to zeolites and kaolinite. 
Secondary solutions have replaced part of the zeolites with calcite. 

FOSSILS AND CORRELATION 

Foraminifera occur abundantly in the offshore facies of the Mc­
Intosh fonnation. Invertebrate 1negafossils are rarely found in the 
formation and are either too small or too poorly preserved for de­
tailed study. Fossil plants are found in the near-shore facies of the 
formation east of the 1napped area. Studies of the fossils indicate 
that the Mcintosh formation is of Eocene age and is to be correlated 
with the upper part of the Domengine stage and lower part of the 
Tejon stage of California. 

Four foraminiferal zones are tentatively recognized in the Mc­
Intosh fonnation in the Centralia-Chehalis area. No attmnpt is made 
in this report to give a detailed discussion of the species associations 
within zones, and the reader is referred to the faunal lists on the 
following table for this infonnation. A detailed discussion of the 
fora1niniferal zonation of the Tertiary rocks in the Centralia-Chehalis 
area and a description of the many new species found are to be included 
in later publications. 

The foraminiferal zones proposed in this report are recognizable 
within the area mapped, but as detailed mapping has not been done 
adjacent to the Centralia-Chehalis area the continuity of these zones 
is not known outside the mapped area. The zones in the Mcintosh 
formation are referred to from older to younger as follows : 

Vaginulinopsis vacavillensis zone 
Amphi,morphina caUfornica zone 
Bu,limina cf. jacksonensis zone 
Gyroidina-Uvigerina zone 



Foraminifera trorn the Mcintosh tonnaUon in tlze Central-ia-Chehalis district, Hlashington 

[Species arranged to show the highest observed occurrence in the formation, indicated as follows: V, very abundant; A, abundant; C, common; F, few; R, rare. Localities 
arranged in stratigraphic sequence with youngest on the left] 
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Explanation of samples arranged according to locality numbers follows: 
Locality 

No. 
f11097 
fll079 
fllU80 
fll081 
f11082 
f11083 
fl1084 
f11085 
fll086 
f11087 
fll088 
f11089 

Aiap r~ference 
F-4 
Union Oil Co., Bannse well 

Depth 
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(ft) 
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_____ do _______________________________________________ _ 
_____ do ______________________________________________ _ 
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F-5 
NWy,! sec. 34, T. 16 N., R. 4 W. 
SE~4 sec. 27, T. 16 N., R. 4 W. 
F-3 
SEH sec. 15, T. 15 N., R. 4 W. 
F-2 

Depth 
in well 

(ft) 
3, 582 
3,810 
3,822 
3,826 

U] 
1-3 
~ 

~ 
0 

~ 

~ 

~ 

~ 
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The lowest zone recognized in the Mcintosh formation contains 
abundant well-coiled VaginMlinopsis vacavillensis (G. D. Hanna) in 
association with A.mphistegina californica Cushman and M.A. Hanna. 
These species, in combination with others shown on the faunal list, 
characterize the V. vacaville1vsis zone. 

Amphimorphina californica Cushman and McMasters occurs abun­
dantly within the zone of that name but by itself does not entirely 
characterize the zone. It has not been found below this zone within 
the formation but does occur in small numbers in the overlying zone. 
The association of Bu~limina corntJgata Cushman and Siegfus, Baggina 
teninoensis Rau, A.labamina sp., Anmnalina cf. garzaen8is Cushman 
and Siegfus, and Oibicides warreni Cushman, R. E. Stewart, and 
K. C. Stewart is an important characteristic of the A.. californica zone. 

The Buli1nina cf. jacksonensis zone is best represented from the 
lower part of the Bannse test hole 1. The cmnmon occurrence of 
B. cf. jacksonensis, in association with Vtttlvulina sp., Robulus wdchz 
Church, M arginulina subb1.tllata Hantken, An~phimorphina califor­
nica Cushman and McMasters, Discorbis cf. D. samanicus (W. Berry), 
and Val,vulineria pygn-wa (Hantken) characterizes the faunal assmn­
blage of the B. cf. facksonensis zone. 

The uppermost zone of the Mcintosh formation is referred to as 
the Gyroidina-Uvigerina zone because of the common occurrence of 
a punctate Gyroidina and a snutll costate U1)igerina within that part 
of the formation. Robulu8 welchi Church, Plectofrondicularia 
packardi Cushman and Schenck, Bulimina corntgata Cushman and 
Siegfus, Discorbis cf. D. samanicus (W. Berry), V alvulineria 
pygm,ea (Hantken) and Oassidulinoides cf. 0. howei Cushman are 
additional significant species occurring in this zone. In the Bannse 
test hole 1, the punctate Gyroidina is restricted to the lower part of the 
zone whereas the costate Uvigerina occurs largely in the upper part; 
therefore, it may be possible to establish two zones instead of one 
zone in this part of the Mcintosh fonnation. However, until 1nore 
material is available to verify this possibility the upper part of the 
Mcintosh formation is referred to as one zone, the Gyroidina-Uvi­
gerina zone. 

In the original description of the Mcintosh formation, Snavely 
(Snavely, Rau, Hoover, and Roberts, 1951) suggested that the forami­
niferal assmnblages from the lower part of the for1nation were similar 
to the fauna described by Cushman and McMasters ( 1936) from the 
1niddle Eocene Llajas formation of California. Further studies sub­
stantiate this age assignment as the lower two, and possibly three, 
zones of the Mcintosh formation contain many species that are iden­
tical or closely related to those listed by Cushman and McMasters 
frmn the Llajas formation. 
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Lailning (1940, p. 546-547) has designated 1nost of the assemblage 
of Cushman and McMasters as typical of his B-1A zone. The occur­
renee of well-coiled Vagin~ulinopsis ~vacavillensis in the oldest known 
assemblages of the Mcintosh formation suggests an age older than 
B-1A for the lowest part of the formation. The lower two zones of 
the formation are therefore tentatively considered equivalent in age 
to Laiming's B-1 and B-1A zones of the Eocene of California. 

The upper two zones of the Mcintosh formation contain many spe­
cies that are especially common in upper Eocene formations of the 
West Coast. The following forms, generally found in beds of late 
Eocene age, occur in the Mcintosh formation : 

Robulus welchi Church 
Plectofrondiculada packardi Cushman and Schenck 
Discorbis cf. D. samanicus OV. Berry) 
Valvulineria pygmea (Hantken) 
Eponides yeguaensis Weinzierl and Applin 
Cibicides lwydoni (Cushman and Schenck) 
Cibicides wan·eni Cushman, R. E. and K. C. Stewart 

Plectofrondic~ularia packardi has not been previously known to oc­
cur below the upper Eocene. Discorbis cf. D. sa11wnicus and Valvu­
lineria pygnwa have been previously recorded in theN orthwest only in 
the Moody shale member of the Toledo fonnation of Oregon (Cush­
man, Stewart, and Stewart, 19±9, p. 13±) at Toledo, Oreg. Oibicides 
rwarreni was originally described from beds exposed at Helmick Hill, 
Polk County, Oreg. (Cushman, Stewart, and Stewart, 1947, p. 104). 
It is also known from the Toledo formation at Toledo. Both of these 
units· have been assigned to the Eocene, and it is generally believed 
that they represent a late Eocene age. 

The Yan1hill formation (Baldwin, Brown, Gair, and Pease, 1955) 
that crops out in the Sheridan quadrangle, Oregon, contains many 
foraminiferal species which occur in the Mcintosh formation. Fur­
thermore, variations in the fauna of the Ya1nhill formation are gen­
erally similar to those of the Mcintosh formation. Therefore, the 
Yamhill formation is considered a probable correlative of the Mcin­
tosh formation of the Centralia-Chehalis area. Foraminifera from 
the sedin1entary rocks exposed at Sacchi Beach south of the mouth of 
Five Mile Creek, near the south border of the Empire quadrangle, 
Oregon, are generally similar to the upper three zones of the Mcintosh 
formation. Therefore, a part of the Mcintosh formation is tenta­
tively correlated with the Sacchi Beach strata of Oregon. A few small 
assemblages have been obtained from beds referred to the Tyee forma­
tion exposed in the Albany quadrangle of Oregon (Vokes, Myers, and 
Hoover, 1954). These Foraminifera have a general similarity to those 
in the lower part of the Mcintosh fonnation. 
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Im1nediately adjacent to the eastern part of the Centralia-Chehalis 
district the Mcintosh fonnation crops out along the Skookmnchuck 
River 1 mile east of Camp Five of the Weyerhaeuser Timber Co., sec. 
2, T. 14 N., R. 2 E. The strata in this area are partly of shallow-water 
origin and contain coarse-grained clastic deposits with thin coal beds 
and well-preserved leaf prints. The following species were identified 
by Roland vV. Brown: 

Allantodiopsis erosa (Lesq~wreurc) Knowlton and Maxon 
Quercus nevadensis Lesquereux 
Platanus sp. 
Oet·cidiphyllurn elongatutn Brown 
Plantanophyllmn angustilobum MacGinitie 
Davilla intet·media Potbury 
Tetracera castaneaefolia MacGinitie 
Oinnamom.urn dilleri Knowlton 
Persea sp. 
Musophyllmn sp. 
Mallotus riparius MacGinitie 
Other fragments of dicotyledons 

Brown made the following comnwnt regarding the age of the flora : 

The species comprising this flora are found in other middle and late Eocene 
floras of the Pacific Coast region. In particular, A.llantodiopsis erosa, Oet·ci(li­
phyllum elongatum, Oinn.amom.um dilleri, and Platanophyllum angustilobum are 
present in the Comstock, Clarno, and Cowlitz floras, indicating a broad general 
agreement in the time relationship of these floras * * *. 

Dark-gray siltstone and shale with interbedded 1nassive arkosic 
sandstone and coal beds crop out in the Morton coal field in the eastern 
part of Lewis County. Although no diagnostic n1arine fauna has been 
found in these beds, they contain leaf i1nprints similar to those found 
in the Mcintosh formation. The writers suggest that these rocks may 
be equivalent in age to the Mcintosh formation of the Centralia­
Chehalis coal district. 

NORTHCRAFT FORMATION 

GENERAL FEATURES 

The Northcraft fonnation was na1ned by Snavely, Roberts, Hoover, 
and Pease ( 1951) from typical exposures in the northeastern part of 
the area in the vicinity of Northcraft l\fountain. This sequence of 
volcanic and sedimentary rocks overlies the Mcintosh formation with 
apparent confonnity throughout 1nost of the area. 

Culver (1919, p. 21-25) described a sequence of rocks consisting 
of conglomerate, breccia, graywacke, and black siliceous shale which 
crops out along the Newaukum River. He na1ned these beds the 
N ewaukmn series and considered them to be pre-Puget and probably 
pre-Tertiary in age. The dark shale and arkosic sandstone described 
by Culver are 1napped as the Mcintosh fonnation in this report. The 
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conglomerate, graywacke, and breccia in Culver's N ewaukum ser1es 
are probably equivalent to a part of the Northcraft formation. 

The Northcraft formation extends both south and east beyond the 
limits of the mapped area. These rocks have been mapped along the 
valleys of the Tilton and Cowlitz Rivers by Erdmann (1951, p. 41-44). 
l-Ie described a sequence of andesite and basalt flows, flow agglomerate, 
tuffs, and associated sedimentary rocks between Mayfield and Mossy­
rock, and estimated their thickness to be between 1,200 and 1,400 feet. 
Farther south, volcanic rocks of the Northcraft formation are known 
to c.rop out in the eastern part of the Toutle quadrangle, Washington. 
The authors also have traced these volcanic rocks eastward to the 
vicinity of Morton where they overlie the coal-bearing strata of 
Eocene age. 

The Northcraft formation erops out chiefly in the northern and 
eastern parts of the area; in several drill holes, however, the formation 
was penetrated elsewhere in the mapped area (pl. 4). In the vicinity 
of Northcraft Mountain the formation has a thickness of approxi­
mately 1,000 feet; to the soutlnvest it thins to 680 feet in the Bannse 
test hole 1. It is not known to be present vvest of the Chehalis River, 
but the Northcraft formation may be equivalent in age to the 
tuffaceous sedimentary rocks that are found in the lower part of the 
Skookumchuck formation in the extreme western part of the mapped 
area. The predominance of fine-grained pyroclastic rocks in the 
central and western parts of the area, in contrast to the predominance 
of lava flows and breccia in the eastern part, suggests that the source 
of volcanism probably was east of the mapped area. 

LITHOLOGIC COMPOSITION 

The Northcraft formation consists chiefly of ferro magnesian lavas, 
f1ow breccia, and pyroclastic rocks in the upper part and basaltic 
conglomerate, sandstone, and pyroclastic material in the lower part. 

The lava flows are largely calcic andesite but some are basalt. In 
hand samples the textures are vesicular, trachytic, porphyritic, and 
aphanitic. The flows are platy (fig. 7) in many places. The platy 
structure generally is concordant with the cooling surfaces. In 
fresh exposures the andesite is a dark olive gray but weathers to red­
dish brown. Vesicular flmvs with amygdules composed of calcite, 
zeolites, and chalcedony are common. Flow breccia is present in some 
flows and contains massive and platy blocks of andesite and basalt 
as large as 6 feet in diameter. In both the flmvs and breccia secondary 
quartz, calcite, and zeolite minerals fill in irregular joints and voids. 

Petrographic studies of the ~~ orthcraft volcanic rocks indicate that 
they usually are hemicrystalline and are porphyritic, trachytic, and 
vesicular in texture (fig. 8.) )1any of the rocks show vvell-developed 
flow cleavage due to the trachytic texture of the groundmass. Pheno-
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FIGURE 7.-Platy andesite flows of the Northcraft 
formation from a point on the Skookumchuck River, 
in southeast corner of sec. 12, T. 15 N., R. 1 E. 

FIGURE 8.- Porpbyritic andesite flow in the Northcraft formation at ~Ieridian Hill in 
the NE:IA sec. 13 'T. 14 N., R 1 W., showing trachytic texture of the plagioclase laths in 
the groundmass surrounding phenocrysts of andesine. Ordinary light, X 25. 
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crysts of plagioclase, An40 (andesine) to An60 (labradorite) and augite 
are set in a ground1nass of plagioclase laths, granules of augite and 
magnetite, and volcanic glass. The phenocrysts of plagioclase usually 
are zoned and some are fractured by postcrystallization movement. 
Augite phenocrysts and granules are in all the thin sections studied 
and fonn 5 to 25 percent of the basalt and calcic andesite. Magnetite, 
composing 3 to 12 percent of the sections, is an important constituent 
of the groundmass. Volcanic glass in the groundmass usually is 
devitrified to a brown palagonitic material. Alteration is common 
in most of the flows studied; secondary minerals make up 10 to 20 
percent of the thin sections. Secondary minerals identified are 
chlorite, biotite, calcite, zeolites, kaolinite, hematite, chalcedony, 
quartz, and ilmenite, in order of decreasing abundance. 

The lower part of the Northcraft formation within the area of 
this report consists chieHy of sedimentary rocks derived from basaltic 
material and includes smne pyroclastic material and mudflows. The 
sedimentary rocks range frmn basaltic sandstone to coarse basaltic 
conglomerate. The conglomerate is widely distributed throughout 
much of the eastern part of the area. The boulders and cobbles of 
basalt, many of thmn well-rounded, range :from several inches to 4 
feet in diameter and are set in a matrix of tuffaceous basaltic sand­
stone. Most of the boulders and cobbles of basalt are coated with a 
waxy palagonitic ( ~) or chloritic material, which gives outcrops of 
the rock an olive-green color. The pyroclastic rocks range from 
fine tuff to volcanic breccia. The most com:mon type is a water-laid 
lapilli tuff and tuff-breccia cmnposecl of a heterogeneous mixture of 
varicolored basalt fragn1ents and crystals of plagioclase. Fine tuff 
and tuffaceous siltstone are cmnmon; they are vivid shades of red and 
purple at many places. The pyroclastic rocks are often chloritized 
to a waxy olive-green material. ~iudflow breccia containing sub­
angular blocks of basalt or andesite as large as 4 feet in diameter in 
a 1nuddy tuffaceous n1atrix are interbedded with the volcanic rocks. 
vV elded tuff was recognized at several outcrops and consists of basalt 
fragments, glass shards, plagioclase crystals, and magnetite grains. 
This rock originally was porous but the voids are now filled with 
zeolites, chalcedony, or chlorite. 

FOSSILS AND CORRELATIO~ 

Inasmuch as the Northcraft fonnation consists chiefly of volcanic 
and nonmarine sedimentary rocks, fossil material is rare. A few 
fossil plants have been collected from strata of the formation, but 
they are not well enough preserved to permit identification. Along 
the axial part of the Lincoln Creek uplift, near the western border 
of the rna pped area, tuffaceous siltstone beds included in the lower 
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part of the Skookumchuck formation n1ay be equivalent in age to the 
Northcraft fonnation. These beds contain a foraminiferal assemb­
lage which correlates best with assemblages of early late Eocene age. 
This correlation together with the stratigraphic position of the 
Northcraft formation indicates it is of late Eocene age. 

Wilkinson, Lowry, and Baldwin (1946, p. 4-15) mapped a se­
quence of volcanic flows and associated pyroclastic rocks in the St. 
Helens quadrangle, along the Columbia River in the vicinity of 
Goble, Oreg. These ·rocks, referred to as the Goble volcanic series, 
were assigned a late Eocene to early Oligocene age. On the basis 
of lithologic similarities and general stratigraphic position a cor­
relation is suggested between the Northcraft formation and the lower 
part of the Goble volcanic series. 

SKOOKUMCHUCK FORMATION 

GENERAL FEATURES 

The Skookumchuck forn1ation, consisting of marine, nonmarine, 
and brackish-water sedimentary rocks and intercalated coal beds, 
overlies the Northcraft formation with an apparent local angular 
unconformity. The Skookumchuck formation has a maximum thick­
ness of about 3,500 feet and crops out in a broad irregular belt that 
extends across the mapped area from southeast to northwest. 
Snavely, Roberts, Hoover, and Pease (1951) na1ned and described 
the Skookumchuck formation frmn exposures along the Skookum­
chuck River west of the Willa1nette n1eridian. Strata referred t& 
this formation previously were included in the Puget series of Eocene 
age (Culver, 1919, pl. 1). The Skookumchuck formation of this re­
port is equivalent to a part of the Cowlitz forn1ation of Weaver 
(1937, pl. 6). 

The Skookumchuck formation consists generally of a lower sand­
stone unit which is separated from an upper sandstone unit by a west­
ward-thickening wedge that is predominantly siltstone. Vertical and 
lateral variations in lithology within a short distance are cmn1non in 
this formation. Throughout most of the Centralia-Chehalis dis­
trict the Skookumchuck forn1ation is typified by an alternation of 
marine and continental facies in which deposition occurred within or 
near the littoral zone. Tongues of offshore, marine, fine-grained 
sedimentary rocks that are generally restricted to the middle part of 
the Skookumchuck locally interfinger with near-shore coarser clastic 
rocks. Beds that were deposited under shallow-water conditions 
consist chiefly of 1nassive, crossbedded, and thin-bedded sandstone 
and thin-bedded siltstone or shale. All gradations between sand­
stone and siltstone are found, but sandstone beds predominate. A 
marine tuffaceous fissile siltstone unit crops out in the western part 
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of the mapped area, between Bunker and Deep Creeks. This silt­
stone unit is tentatively considered in part to be an offshore marine 
equivalent of the coarser clastic rocks of the Skookumchuck forma­
tion farther to the east. This correlation cannot be 1nade with cer­
tainty, because of the lack of continuous outcrops; therefore, the 
possibility exists that this siltstone unit is older than the type 
Skookumchuck forn1ation. 

A local angular unconfonnity is present between the Skookum­
chuck fonnation and the underlying Northcraft formation in the 
eastern part of the district. This unconformity is 1nade apparent by 
the on-lapping of the coal-bearing strata on the Northcraft fonna­
tion; however, a part of this angular discordance is probably due to 
the initial dip of the volcanic flows. In the vicinity of Thompson 
Creek, 100 to 200 feet of conglomerate derived from the Northcraft 
formation is present at the base of the Skookmnchuck formation. 
I1nmediately west of the mapped area, surface 1napping indicates an 
apparent gradation fron1 the older siltstone of the Mcintosh forma­
tion upward into the overlying siltstone of the Skookumchuck :forma­
tion. Therefore, the authors believe that the unconformity at the 
base of the Skookumchuck formation 1nay be local in extent, and 
that away from areas of pre-Skookumchuek structural relief the 
Skookumchuck fonnation n1ay be essP-ntially conformable with the 
underlying rocks. 

Sect-ion of the upper part of the Skookumchuck .formation along railroad cut about 
1 rnne north o.f Centralia, in sec. 33, '1'. 15 N., R. 2 W ., Ce1dralia-Chehalis district, 
Washington 

Sandstone, massive to thin-bedded, mottled-gray and brownish­
orange, fine-grained, micaceous; contains intercalcated brown 
carbonaceous siltstone ____________________________________ _ 

Siltstone, brown, tuffaceous, shaly; imprints of plant materiaL __ 
Sandstone, massive, mottled-gray and brownish-orange, fine-
gr~ned ________________________________________________ _ 

Sandstone, poorly exposed _________________________________ _ 
Covered _________________________________________________ _ 

Sandstone, medium-gray, silty, fine-grained ___________________ _ 
Siltstone, brown, micaceous and carbonaceous; with thin coal and 

bone streaks ____________________________________________ _ 

Sandstone, silty, micaceous, fine-grained ______________________ _ 
Siltstone, massive, dark-gray, carbonaceous; somewhat shaly __ _ 
Sandstone, iron-stained, fine-grained, silty, micaceous _________ _ 
Sandstone, fine-grained, with sporadic poorly preserved gastro-

pods and pelecypods; contains thin zones of abundant brackish-
water pelecypods ________________________________________ _ 

Siltstone and sandstone, thin-bedded, crossbedded, ripple-
marked, carbonaceous; contains a few coaly streaks _________ _ 

Sandstone, dark-gray, massive, carbonaceous and micaceous ___ _ 

442728-58--3 

Thickness 
Ft In 

15 6 
5 

10 
87 
33 
13 

3 
6 
9 

13 

5 

18 
12 
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Section of the upper part of the Skookvmchuck formation along railroad cut about 
1 mile north of Centralia, in sec. 33, T. 15 N., R. 2 W., Centralia-Chehalis district, 
Washington-Continued 

Shale, carbonaceous; with intercalated thin, bony coal partings 
and micaceous siltstone layers _____________________ --- ____ -

Sandstone and siltstone, fine-grained, carbonaceous and micace-
ous; contains a half-inch hard ferruginous zone _____________ _ 

Sandstone, medium-gray, fine-grained, silty, somewhat micaceous_ 
Siltstone, carbonaceous, micaceous; with thin bone and bony 

coallayers _____________________ ~------------------------
Siltstone, brown; with interbedded fine-grained) iron-stained 

sandstone ______________________________________________ _ 

Sandstone, mottled-orange and light-gray, fnable, massive to 
cross bedded. micaceous _________________________________ --

Covered _______________________________ - - _ -- - - - .. - - - -· - - - - - -
Sandstone, massive to cross bedded, medium-grained __________ _ 
Siltstone, gray and brown, carbonaceous; with interbedded 7 -in. 

bone and coal bed _____________________________________ - -
Sandstone, gray, iron-stained, fine-grained, silty ______________ _ 
Sandstone, tine-grained; with interbedded dark-gray, ripple-

marked siltstone ________________________________________ _ 

Sandstone, gray, fine- to medium-grained. friable micaceous ____ _ 
Siltstone, dark-brown, shaly, carbonaceous; with interbedded 

fine-grained sandstone, and coal streaks ___________________ _ 
Coal, bright; with rectangular cleavage ____________ .. _________ _ 
Siltstone, carbonaceous; with a few bony and shaly partings ___ _ 
Covered __________ .. _______________________ -- .. - ___ ---------
Sandstone, medium-gray, fine-grained, massive, micaceous, silty_ 
Siltstone and sandstone, brown, carbonaceous; with coal and 

bone partings __________________________________________ _ 

Sandstone, massive to cross bedded, micaceous; with limy con-
cretions up to 10ft in diameter ____________________________ _ 

Sandstone, silty; with interbedded siltstone and iron oxide layers _ 
Sandstone, fossiliferous; with iron-stained calcareous pebbles ___ _ 
Sandstone, fine-grained, silty, micaceous; with sporadic gastro-

pods and pelecypods ____________________________ ---- ___ --
Siltstone, sandy; with brown limonitic concretions and sporadic 

gastropods and pelecypods _________________________ .. _____ _ 
Siltstone, sand), clayey, fossiliferous ________________________ _ 
Sandstone and siltstone, dark-gray, carbonaceous; with thin bone 

and coal layers _________________________________________ _ 
Siltstone, medium-gray, clayey _____________________________ _ 

Sandstone, thin-bedded, silty; with irregular siltstone layers and 
coalified log 20 in. in diameter ____________________________ _ 

Siltstone, gray, sandy, fossiliferous; few lenses of bone as much 
as 1 in. thick _________________ .. ___ ·-- ________ .. ___________ _ 

Coal, bony; with carbonaceous and tuffaceous partings __ ·- _____ _ 
Siltstone, sandy, carbonaceous, somewhat shaly ______________ _ 
Sandstone, cross bedded, medium- to fine-grained, micaceous ___ _ 
Covered ____________________________ -------- ----------- ----
Sandstone, medium-gray, fine-grained, silty __________________ _ 
Claystone, dark-brown, fissile ______________ .. _____________ .. __ 
Sandstone, medium-grained, arkosic _________________________ _ 

Thickness 
Ft In 

1 

7 
10 

6 

5 

26 
75 
6 

9 
10 

6 
17 

8 

6 
12 
21 

3 

73 
12 

1 

8 

15 
8 

1 
2 

8 

33 
2 
1 

15 
83 
11 

6 
10 

6 

6 

6 

6 

6 

6 
6 



STRATIGRAPHY 29 

Section of the upper part of the Skookumchuck form'Jtion along railroad cut about 
1 mile north of Centralia, in sec . 33, T. 15 N. , R. 2 W., Centralia-Chehalis district, 
Washington- Continued 

Coal ash, brick-red; with thin baked sandstone partings _______ _ 
Siltstone, dark-gray, thin-bedded, sandy ________________ _____ _ 
Sandstone, massive, fine-grained _ .. __ .. _______________________ _ 
Covered ____ ____ _______ ____ __ __ ___________________ _____ __ _ 

Siltstone, platy, micaceous; with interbedded fine-grained sand-
stone __ ______ ___________ ______ _____ _____________ ___ __ __ _ 

Sandstone, baked; with thin pebble zones and sporadic gastro-
pods and pelecypods _____________________________ ___ ____ _ 

Coal ash, light-reddish-orange to brick-red; contains thin por-
cellanite partings ________ ___________________ .. ___ ______ __ .. 

Siltstone, baked, reddish-brown; with coal ash ________________ _ 
Biltstone, dark-gray, partly baked, carbonaceous _______ ___ __ __ _ 
Siltstone, thin-bedded, dark-brown, micaceous, carbonaceous, 

so mew hat shaly _______ __ ______ _________ _____ ____ -- .. -----

Siltstone, dark-gray, carbonaceous, tuffaceous; contains white 
ash fragments _________ ___ _____ ____ ____ _____ ___ --- -------

Coal, bony streaks; with tuffaceous, sandy siltstone partings ___ _ 
Bone, with thin bright coal streaks ___ ______ ____ _________ ___ _ 
Siltstone, brown, shaly, carbonaceous _ __ ________ _______ _____ _ 
Coal, with thin siltstone and bone partings _______________ ___ _ 
Coal, bony; contains thin carbonaceous siltstone and sandstone 

partings ____ ____ _______________ _________ _______ ___ _____ _ 

Sandstone, light-gray, massive to thin-bedded, iron-stained __ _ _ _ 
Sandstone, partly covered _______ __________________ ________ _ 

Sandstone brownish-gray, thin-bedded, carbonaceous, micaceous, 
fine-grained ; with interbedded siltstone laminae ______ ______ _ 

Sandstone, mottled light-orange to yello,vish-brown, crossbedded, 
friable, micaceous, fine-grained; contains irregular i ron-stained 
joints _________________ __________________ ______________ _ 

Ll'fHOLOGIC COMPOSITION 

Thickness 
Ft In 

3 
8 

23 
76 

64 

10 

9 
5 
2 

13 

1 
3 
1 
2 

1 
15 
46 

72 

72 + 

1, 178 + 

6 

6 
() 

6 

The sandstone of the Skookumchuck formation IS fine to medium 
grained, micaceous and carbonaceous, basaltic and arkosic, and locally 
contains fine tuff. It is genera Uy friable but may be cemented with 
calcium carbonate, iron oxide, and perhaps with silica derived from 
divitrified volcanic glass. Calcimn carbonate makes up as much as 
40 percent of some sandstone beds. These beds are generally lentic­
ular, but they may sometimes be traced for several miles. The sand­
stone is \Yell to poorly sorted, usually better sorted in the more massive 
beds. 

Porosity and permeability measurements were made on cores of 
sandstone from seYeral of the shallmY drill holes (pl. 3). The por­
osity of the sandstone ranges from 5.3 to 35.2 percent and the per­
meability from 1.42 to 3,506.0 millidarcies, depending upon the 
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amount of fine clastic material in the sandstone. In outcrops the 
sandstone appears to have a low porosity owing to the filling of a 
part of the pore space of the rock by clay minerals, derived chiefly 
from the alteration of feldspar grains. 

Sandstone in thick beds generally is massive and shows little evi­
dence of bedding except by the orientation of mica flakes, carbon­
aceous material, thin siltstone or clay partings, or intraformational 
breccia. Crossbedding on a large scale, possibly of an offshore bar 
type, is common. 

li'IGURE 9.-Thin section of sandstone from the Skookumchuck formation. Light grains 
are feldspar and quartz. Dark areas consist of fragments of volcanic glass and iron 
stain. Ordinary light, X 25. 

The principal clastic constituents of the sandstone are feldspar, 
quartz, muscovite, biotite, and fragments of tuff, basalt, and andesite 
(fig. 9). The sandstone is composed of 50 to 80 percent clastic frag­
ments and 20 to 50 percent calcite, clay minerals, chloritic material, 
and altered glass, which form the n1atrix. Angular to subangular 
grains of plagioclase (andesine) usually make up 10 to 40 percent of 
the rock; however, the plagioclase content in some beds is as n1uch 
as 80 percent. Subrounded to rounded grains of quartz, some of 
which are strained, make up 5 to 40 percent of the sandstone; n1usco­
vite and biotite may amount to as much as 10 percent, and subrounded 
lithic fragments of basalt and andesite form 5 to 80 percent. In 
general, the average values given above are true for the entire Skook­
umchuck formation, but feldspar is a more i1nportant detrital con­
stituent in the upper part of the formation than in the lower part, 
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and tuffaceous and volcanic material is generally more common 
toward the base of the formation. 

The plagioclase crystals are generally fresh and display zoning and 
twinning. The angularity of some of the grains of plagioclase sug­
gests that they are of pyroclastic origin. Some grains of plagioclase 
contain inclusions of apatite. Oligoclase, anorthoclase, and micro­
cline were identified in a few samples. ~1ica is characteristic of the 
sandstone and in many places is concentrated in zones. Minor con­
dituents of the sandstone are magnetite, hornblende, augite, chlorite, 
chalcedony, glass, garnet, and pyrite. 

vVhen fresh the sandstone is medium bluish gray and weathers to 
mottled-light-gray, light-yellowish-orange, and brown, iron-stained 
sand. The ferromagnesian minerals and the fragments of basalt and 
andesite show the greatest amount of alteration, but the grains of 
plagioclase and quartz are usually fresh with little staining. 

The siltstone of the Skookumchuck formation ranges from dark 
brown to medium greenish gray and is finely micaceous, carbonaceous, 
tuffaceous, and often fissile. It is frequently interbedded with fine­
grained sandstone, forming laminae that have a poker-chip appear­
ance. A shallow-\-vater type of deposition of the finer clastie roeks is 
evidenced by ripple and swirl marks, flow-casts, scour-and-fill chan­
nels, and intraformational breccia. Mollusk borings occur in some of 
the siltstone beds, and well-preserved leaf in1prints are occasionally 
found in tuffaceous claystone and mudstone. In the Lincoln Creek 
uplift in the western part of the area, a part of the formation consists 
predominantly of tuffaceous and fissile siltstone which commonly con­
tains small white spherical objects (radiolar ia ?) that can be seen 
seen without the aid of a lens. 

Conglomerate is not common in the Skookumchuck formation but 
is locally near the base of the formation in the eastern part of the 
area, and a few lenses of conglomerate are found near the upper 
contact of the formation in the ·western part of the area. The basal 
part of the formation in the eastern part of the area consists of 20 to 
200 feet of olive-gray to greenish-gray spheroidally weathering 
basaltic and andesitic sandstone and conglomerate. These sedimen­
tary rocks were largely derived from the underlying Northcraft 
formation but include some andesite tuff. Pebbles in the basal conglo­
merate average between 2 and 3 inches in diameter and are well 
rounded. The matrix consists of clay or fine sand and secondary 
minerals. Carbonaeeous balls, pumiee pebbles, and pyrite are com­
mon. The sandstone consists of coarse grains and granules that are 
poorly sorted and usually stained with iron oxide. Crossbedding 
and scour-and-fill channels are in the coarse clastic rocks in many 
places. 
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Beds of carbonaceous shale and siltstone, bone, bony coal, and coal 
are interbedded with other sedimentary rocks and range from a few 
inches to more than 15 feet in thickness. Beds rich in carbonaceous 
material are generally found in association with the upper and lower 
coal groups of the formation and are particularly common in the 
eastern part of the mapped area. Carbonaceous beds frequently grade 

FIGURE 10.-'The Tono No. 1 coal bed in the Skookumchuck formation , Tono strip pit, 
'l'ono, Wash. The Tono No. 1 coal bed in this area is about 18 feet thick and is over­
lain by crossbedded brackish-water sandstone. Man standing near center of coal bed, 
in the lower right-hand corner of picture, indicates scale. 

laterally and vertically into coal beds and are separated from the other 
sedimentary rocks by sharp or gradational contacts. The coal beds 
usually have sharp contacts with the overlying and underlying sedi­
mentary rocks (fig. 10) and in places the upper parts of some of the 
coal beds are cut by scour-and-fill channels. The bone consists of a 
mixture of inorganic and coaly material, varies from black to dark 
brown, and has a dull luster and a platy parting, but it lacks the 
cleavage and brittleness of coal. In the eastern part of the area 
silicified bone is fairly common and often contains small pumice frag­
ments and imprints of plants and leaves. Fragmental carbonaceous 
1nateriallocally is in beds of fine- and medium-grained sandstone, but 
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the amount of carbonaceous material in the sandstone is rarely as 
great as that in the siltstone beds. Near the western 1nargin of the 
area, however, siltstone and claystone beds of offshore marine origin 
are mainly noncarbonaceous. 

FOSSILS AND CORRELATION 

Fora1ninifera have not been found in abundance in the Skookum­
chuck formation, because where best exposed it consists predomi­
nantly of sandstone and brackish-water fine-grained clastic rocks. A 
fauna of generally large mollusks, however, is common in the near­
shore marine facies of the formation. Fossil plants occasionally are 
found in the carbonaceous strata of the Skookumchuck fonnation but 
are too poorly preserved or fragmentary to permit identification. 
Paleontologic data indicate that the Skookumehuck formation is of 
late Eocene age and is a correlative of the type Cowlitz formation 
(Weaver, 193'7, p. 90-93) of southwestern Washington. 

The Foraminifera identified frmn the Skookumchuck formation 
are listed in table 1. No attempt has been 1nade to establish fora­
miniferal zones in this forn1ation because the faunal variations usually 
reflect changes in facies. A detailed study of the faunas obtained 
frmn a stratigraphic sequence of n1ore than 1,700 feet of rock, core 
drilled by the Geological Survey in holes K, I, and J, indicates that 
the foraminiferal species occuring in drill hole [{ largely reoccur at 
a lower stratigraphic horizon in Geological Survey hole J (pl. 3). 

A study of Foraminifera shows that faunas of the Skookumchuck 
formation are best correlated with those in the upper Eocene Cowlitz 
formation exposed about 15 miles south of the Centralia-Chehalis 
coal district, along the Cowlitz River. Most of the Foraminifera 
known from the Skookumehuck formation have been recorded by 
Beck (1943) who described the foraminiferal assemblage from a zone 
200 feet thick in the Cowlitz fonnation. The species in the Skookum­
chuck formation are largely indicative of a shallow-water, near-shore 
marine environment; however, a few deeper water marine forms are 
found in the finer grained clastic rocks of the Skookumchuck forma­
tion which crop out in the west-central part of the area. Most of 
these cleepe.r water forms also occur in the Cowlitz formation. 

The fora1niniferal faunas from the type section of the Cowlitz for­
Illation are generally correlated with those of the upper part of the 
Tejon formation of California and referred to the upper part of the 
Eocene (Beck, 1943, p. 591). Beck also suggests a correlation be­
tween the type Cowlitz foraminiferal assemblage and assemblages 
from the middle part of the Coaledo formation of western Oregon 
and the Poway conglmnerate of California. 

Diagnostic foraminiferal assmnblages have not been obtained from 
the weathered outcrops of the tuffaceous siltstone strata included in 
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the Skookumchuck formation which crops out in the western part of 
the Lincoln Creek uplift. However, since field investigations were 
completed the tuffaceous siltstone strata that contained microfossils 
was found in two drill holes, Siefert No. 1, in the NW:J4SE:J4SW1i.t, 
sec. 4, T. 14 N., R. 3 W., and Lohman-Standard, State No. 1, in the 
NE:J4SW~:J4 sec. 14, T. 14 N., R. 3 vV., both of which were drilled on 
the northern part of the Lincoln Creek uplift. These Foraminifera 
differ only slightly from those found in the Gyroid~ina-U,vigerina zone 
of the Mcintosh formation. Since the faunal assemblages found in 
the tuffaceous siltstone strata of the Skookumchuck formation and 
in the upper part of the Mcintosh formation had similar environ­
ments, the slight difference in these assemblages is attributed to a 
difference in age. Plectofrondicularl~a cf. jenldnsi Church is usually 
present in the tuffaceous siltstone strata of the Skookumchuck forma­
tion but is not known in the underlying Gyroidina-Uvigerina zone 
of the Mcintosh formation. Uvigerina cf. yazooensis is absent and 
Gyroidina sp. A and V alvu1ineria pygrnMa are not common in the 
tuffaceous siltstone strata, but all three species are conunon in the 
Gyroidina-Uvigerina zone of the Mcintosh for1nation. The faunas 
of the tuffaceous siltstone are generally comparable to those found in 
the middle part of the Coaledo formation of Coos Bay, Oreg. (Det­
ling, 1946), and the Moody shale 1nember of the Toledo formation ex­
posed at Toledo, Oreg. (Cushman, Stewart, and Stewart, 1949) . 

Immediately adjacent to the southwestern part of the mapped area, 
along the Chehalis River between the towns of Pe Ell and Doty, 
foraminiferal faunas have been collected from siltstone beds that oc­
cur both above and below sandstone beds lithologically similar to 
the coal-bearing sandstone beds of the Skookumchuck formation. As 
the faunas in these siltstone beds are essentially the same as the faunas 
present in the tuffaceous siltstone strata of the Skookumchuck fornla­
tion in the Lincoln Creek uplift, it suggests that the tuffaceous silt­
stone strata are offshore facies of the coal-bearing sandstone beds of 
the Skookumchuck formation. 

Invertebrate megafossils have been collected from the Skookum­
chuck formation throughout the area . and are commonly found in 
the near-shore marine facies, often in calcareous sandstone beds. 
Species identified and listed on the following table indicate a cor­
relation between the Skookumhuck fonnation and the Cowlitz for­
mation of late Eocene age in Cowlitz County, Wash. In many places, 
such as the rock tunnel of the Stoker 1nine, thin richly fossiliferous 
beds are found immediately adjacent to the coal beds. The fine·­
grained noncarbonaceous clastic rocks in the eastern part of the 
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mapped area in a few places contain a 1neager assemblage of small 
1negafossils, but they are rarely found in the offshore marine beds in 
the western part of the area. 

OLIGOCENE SERIES 

LINCOLN FORMATION (OF WEAVER) 

GENERAL FEATURES 

vVeaver ( 1912, p. 10-22) applied the name Lincoln fonnation to 
the strata exposed along the west bank of the Chehalis River near the 
mouth of Lincoln Creek about half a 1nile north of Galvin. He esti­
mated a thickness of 1,000 feet for this fonnation and stated that it 
grades upward into "Porter shales," which he correlated with the 
lower part of his Blakeley fonnation. Later, Weaver (1937, p. 110-
111) regarded the Lincoln formation as equivalent to the entire mid­
cUe Oligocene of Washington. In a discussion of the stratigraphy 
of Grays Harbor County, Weaver (Weaver and others, 1944, p. 592) 
redefined the type section of the Lincoln fonnation to include the 
cmnposite of many sections exposed in the banks of the Chehalis 
River between Centralia and Porter, Wash. He further stated that 
these sections consist predominantly of shaly medium -grained tuffa­
ceous sandstone, with basal grits and conglomerate. 

As recognized by the authors the Lincoln formation in the Cen­
tralia-Chehalis area consists of approxi1nately 2,000 feet of tuffaceous 
and basaltic marine sandstone and siltstone with associated continental 
deposits composed preclmninantly of sediments derived from volcanic 
rocks and pyroclastic Inaterial. The Lincoln formation of Weaver 
crops out chiefly in the 'vestern part of the mapped area and is gen­
erally restricted to broad 'vest\varcl- and northwestward-trending syn­
clines. The formation rests conforn1ably on the Skookun1chuck for­
mation and, in a few places, beds of the Skookumchuck formation 
grade upward into the lowermost part of the Lincoln formation. The 
contact between the two formations is usually 1narked by a distinct 
lithologic break or by what appears to be a buried soil zone. 

The Lincoln formation in the eastern part of the Centralia-Chehalis 
district consists preclmninantly of deltaic, near-shore, and continental 
deposits of basaltic sandstone with interbeds of pyroclastic rocks. 
These strata are herein referred to the basaltic sandstone n1ember of 
the Lincoln formation. Sedimentary rocks of the Lincoln formation 
which crop out west of the Chehalis River are indicative of a shallo,v­
water offshore 1narine environ1nent. These beds are composed of 
tuffaceous silty sandstone and siltstone and are referred to in this 
report as the tuffaceous siltstone member of the Lincoln formation. 
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BASALTIC SANDSTONE MEMBER 

The basaltic sandstone 1nember of the Lincoln formation is thick­
est in that part of the Centralia-Chehalis district which lies east of 
the Chehalis River. Typical exposures of this member occur about 
11nile east of Centralia, in road cuts along the north side of the valley 
of Salzer Creek and in cuts along logging grades in the area between 
Salzer and South Hanaford Creeks. Strata of the basaltic sandstone 
member, totaling more than 1,500 feet in thickness, crop out in the 
bed of the North Fork of the N mvaukmn River, in the SEll! sec. 26 
and in the NW14 sec. 35, T. 14 N., R. 1 W. West of the Chehalis 
River the basaltic sandstone member is thin or absent and is con­
fined to the basal part of the Lincoln formation. Throughout most 
of the western part of the Centralia-Chehalis district the formation 
consists largely of tuffaceous siltstone and sandstone. 

The base of the basaltic sandstone member of the Lincoln forma­
tion is commonly 1narked by granule sandstone or pebble conglomerate 
beds, but in smne areas the contact \vith the underlying Skookum­
chuck formation is gradational. The basal beds of the basaltic sand­
stone member are fossiliferous in many places and contain borings 
of marine organisms and an occasional shark tooth. The borings ex­
tend below the contact between the basaltic sandstone member and 
the Skookumchuck formation, carrying basaltic sandstone into the 
underlying arkosic sandstone. 

The conglomerate and granule sandstone at the base of the basaltic 
sandstone n1ember are rich in pyroelastic debris and contain abundant 
pebbles of basalt and andesite, and red scoria fragments. Basal 
strata are rarely bedded; however, in places bedding may be made 
apparent by lentieular interbeds of pyroclastie material. Pebbles 
of volcanic rock in the basal conglomerate lenses are usually less 
than 2 inehes in diameter, subangular to subrounded, and poorly 
sorted. Tuffaceous material forms a matrix in the conglomerate beds 
in some places and angular pumice fragments as much as 1 inch in 
diameter are an important constituent of the rock. 

The basaltic sandstone member is composed chiefly of fairly well 
indurated n1assive fine-grained basaltic sandstone and siltstone. The 
strata range in color frmn light greenish gray to medium olive brown, 
but n1ost of the beds in the 1nember are medium olive gray. Caleare­
ous concretions and nodules occur locally in the member and the fine­
grained sandstone beds are conunonly cemented by calcium carbonate. 
The sandstone is composed of volcanic material with lesser amounts 
of feldspar, quartz, and mica, and represents a distinct change in 
lithology frmn the underlying Skookumchuck formation. Some of 
the detrital material in the beds ·was derive.d from the older Skookum­
ehuck fonnation. The volcanic material includes rounded fragments 
of basalt and andesite, which were probably derived frmn the North­
craft formation; and pumice and glass shards of pyroclastic origin. 
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The basaltic sandstone member is relatively resistant to erosion and 
forms a more rugged topography than the underlying Skookumchuck 
formation. Beds of this member typically weather to spheroidal, 
iron-stained, light- to medium-greenish-gray masses (fig. 11). The 
calcareous concretions usually break down to a grayish-brown soft 
and powdery material. 

FIGURE 11.- Basaltic sandstone member of the Lincoln formation in railroad cut, about 
half a mile north of Centralia, Wash. :\Ian is standing on unweathered massive basaltic 
sandstone which weathers typically to spheroidal masses as shown in upper part of cut. 

Microscopic examination of several samples of the basaltic sand­
stone member indicates that the clastic grains are composed of 40 to 60 
percent basalt or andesite, 5 to 25 percent plagioclase (andesine and 
labradorite), and as m.uch as 10 percent magnetite; the remainder con­
sists of quartz, hornblende, augite, biotite, and red scoriaceous frag­
ments. The fragments of basalt are generally subrounded to rounded, 
whereas the grains of plagioclase and quartz are subangular to angu­
lar. The matrix consists of altered volcanic glass, chlorite, zeolite 
minerals, and clay. 

\f\Taterlaid pumiceous lapilli tuff beds, which range from a few 
inches to several feet thick, occur at several different stratigraphic 
horizons in the basaltic sandstone member. The most persistent of 
these beds is 50 to 100 feet stratigraphically above the base of the 
basaltic sandstone member. This lapilli tuff bed crops out at several 
localities in T . 14 N., R. 2 "\V., and probably throughout most of the 
township. It may correlate with a lithologically similar lapilli tuff 
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bed that crops out in the northern part ofT. 13 N., R. 1 E.; and there­
fore may occur throughout the southeastern part of the mapped area. 

Examination of thin sections of the lapilli tuff shows it to be com­
posed of 90 percent volcanic glass and pumice fragments, with minor 
amounts of feldspar, augite, hypersthene, magnetite, and fragments 
of andesite and basalt (fig. 12). The feldspar crystals are fresh and 

FIGURE 12.-Tuff from basal part of Lincoln formation, in sec. 29, T. 15 N., R. 3 W. 
Note the large pumice fragment in the upper right corner and the glass shards. 
Ordinary light, X 40. 

vary in shape from sharply angular to somewhat rounded, suggesting 
that they are, in part, of pyroclastic origin. 

TUFFACEOUS SILTSTONE :M:E:MBER 

The tuffaceous siltstone member of the Lincoln formation is best 
exposed in cliffs along the Chehalis River between Galvin and Hel­
sing Junction (fig. 13). Most of the area north of Lincoln Creek 
and south of the Chehalis River is underlain by beds of the tuffaceous 
siltstone member. 

The tuffaceous siltstone member consists predominantly of fine­
grained to very fine grained tuffaceous sandstone and tuffaceous silt­
stone. The lower part of the tuffaceous siltstone member of the Lincoln 
formation is not well exposed in the Centralia-Chehalis area. How­
ever, a study of these beds was made from cores and cuttings obtained 
from Geological Survey drill hole OH-1, located in the NE~ sec. 5, 
T. 15 N., R. 3 W. (pl. 3). The cores and cuttings show that the 
lower 400 feet of the tuffaceous siltstone member is composed predom-
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FIGURE 13.- Tufl'aceous siltstone member of the Lincoln formation from a point half a 
mile north of Galvin, Wash. The persistent ledge-forming beds are calcareous siltstone 
and sandstone. Height of cliff is approximately 125 feet. 

inantly of brownish -gray tuffaceous siltstone and sandy siltstone. 
The strata are generally massive but in places contain thin inter­
beds of basaltic sandstone which are similar lithologically to beds of 
the basaltic sandstone member. The siltstone and sandy siltstone 
strata penetrated in this test hole are fossiliferous. 

Microscopic examination of thin sections of the tuffaceous siltstone 
member of the Lincoln formation has yielded the following average 
values for detrital constituents: volcanic glass, 34 percent; lithic 
fragments of basalt and andesite, 26 percent; plagioclase (oligoclase), 
25 percent; chloritic material, 6 percent; hornblende, 5 p'ercent; and 
magnetite, 4 percent. Chemical analyses of two samples from this 
member are as follows : 

Chemical analyses of tuffaceous siltstone from the upper part of the Lincoln 
formation in the northwestern part ot the Centralia-Chehalis district 

[Robert N. Eccher, analyst, U . S. Geological Survey] 

------------ - -- ---- ------·------ 1----
Si02. ____________________________ _ 

Ah03 . . ----------------------------
Fe20 3--- ·· -- __________ - __ ----- ___ -
FeO. _____________________________ _ 
MgO _______ ------------- - --------
CaO _________ ---------------------
Na20 .... . _______________________ _ 
K20 __ __________________________ __ 

58.08 
15. 48 
5. 05 
2. 52 
2. 21 
4. 09 
2. 33 
1. 67 

59.45 
15. 49 

4. 29 
2. 12 
1. 83 
2. 83 
2. 09 
1. 89 

H20 - -------------- ----- ------ ---
II20+ ---- --- --------------------­
'1 i 02- - ------------ ---- --------- --
c 02. --- ---- ------------------ ---
P 205---- --- - - _______ _ - -- ------- - --
MnO ______________ ----- - ---- - ----
c ---------------------------------

I. Sample from 1500' E. 500' S., NW corner sec. 35, T. 14 N. , R. 3 W. 
2. Sample from 200' E. llOO' 8 ., NW corner sec. 7, T . 15 N ., R . 3 vV. 

2. 84 2. 51 
3. 78 5. 02 
1. 04 . 83 
. 07 . 10 
. 17 . 14 
. 08 . 07 
.40 . 92 

99. 81 99. 58 
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The tuffaceous siltstone member is relatively resistant to weathering 
and forms moderately steep slopes or cliffs. When weathered the rock 
has a mottled light-gray to pale-olive color with irregular iron-stained 
areas. The calcium carbonate content of the siltstone is leached from 
the rock in many places to an average depth of 25 feet, even though the 
rock appears to be impervious. 

Composite section of the tuffaceotts siltstone member of th.e Lincoln formation 
exposed in the cliffs along the Chehalis River from a point half a mile north 
of Galvin, ·wash ., to the Prather Road, in sees. 23, 26, and 35, T. 15 N., R. 3 W. 

Sandstone, tuffaceous and basaltic, greenish-gray, fine-grained, 
massive; upper 10 feet weathered to brownish gray __________ _ 

Siltstone, calcareous and highly tuffaceous, greenish-gray, indu-
rated; forms ledge that persists throughout exposure __________ _ 

Siltstone, sandy, tuffaceous and basaltic, greenish-gray, massive; 
more silty in lower part_ ____________________________________ _ 

Siltstone, calcareous, greenish-gray to olive-gray, indurated ______ _ 
Siltstone, sandy, tuffaceous and basaltic, greenish-gray to light-olive-

gray, massive _______________________________________________ _ 

Sandstone, very tuffaceous, silty, light-olive-gray-----------------­
Siltstone, sandy, tuffaceous and basaltic, greenish-gray to light-

olive-gray, massive _________________________________________ _ 

Siltstone, very calcareous, greenish-gray; forms most pronounced 
ledge of exposure ____________________________ ___ ____________ _ 

Sandstone, silty, tuffaceous and basaltic, light-olive-gray, fine­
grained, massive--------------------------------------~------

Siltstone, calcareous, light-olive-gray ________________________ ___ _ 
Sandstone, silty, tuffaceous and basaltic, light-olive-gray, fine­

grained, massive --------------------------------------------­
Siltstone, calcareous, light-olive-gray to greenish-gray, concre-

tionary _____________________________________________________ _ 

Sandstone, silty, tuffaceous and basaltic, light-olive-gray, fine­

grained, Illassive --------------------------------- ----------­
Tuff, fine-grained, yellowish-gray to light-olive-gray; bed can be 

traced throughout exposure ----------------------------------­
Sandstone, silty, tuffaceous and basaltic, light-olive-gray, fine-

grained, n1assive ------------------------------ - -------------
Siltstone, calcareous, light-olive-gray; forms small ledge __________ _ 
Sandstone, silty, tuffaceous, basaltic, light-olive-gray, fine-grained, 

massive -----------------------------------------------------
Siltstone, calcareous, light-olive-gray, concretionary ; not a persist-

ent bed ------------------------------- -------------- - -------
Siltstone, sandy, tuffaceous, light-olive-gray, massive ____________ _ 
Siltstone, calcareous, light-olive-gray, concretionary _____________ _ 
Sandstone, tuffaceous, silty, fine-grained, pale-olive, massive _____ _ 
Siltstone, calcareous, light-olive-gray, concretionary _____________ _ 
Sandstone, tuffaceous, silty, fine-grained, pale-olive, massive ______ _ 

Thickness 
Ft In 

30 

8 

38 
3 

14 
5 

14 

10 

6 
6 

8 

3 

4 

2 

4 6 
5 

12 

6 
14 

4 
20 

5 
10 
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Composite section of the tuffaceous sUtstone m1eJnber of the Lincoln formation 
exposed in the cliffs along the Chehalis IUrer fnm~ a poinnt half a mile north 
of Galvin, 1Vasl1., to the Prather Road, in sees, 23, 26, and 35, T. 15 N., 
R. 3 W.-Continued 

Tuff, fine-grainecl, yellowish-gray _______________________________ _ 

Sandstone, tuffaceous, silty, pale-olive, fine-grained, massive _____ _ 
Siltstone, tuffaceous, moderate-brown (iron-oxide stained) _______ _ 
Sandstone, tuffaceous, silty, pale-olive, fine-grained, massive _______ _ 
Tuff, fine-grained, yellowish-gray ----------------·---------------
Sandstone, tuffaceous, silty, pale-olive, fine-grained, massive _____ _ 
Sandstone, calcareous, pale-olive; forms prominent ledge in 

exposure ---------------------------------------------------
Sandstone, tuffaceous, silty, pale-olive, fine-grained, massive _____ _ 

FOSSILS AND CORRELATION 

Thickness 
Ft In 

8 
6 

2 
3 6 

4 

1 
33 

2 

227 9 

Parts of the Lincoln formation contain abundant Foraminifera aJld 
larger invertebrate fossils. Studies of the Foraminifera indicate tha~ 
four tentative faunal zones can be recognized: three are in the tuf­
faceous siltstone member and one is in the basaltic sandstone member. 
The tuffaceous siltstone member and the basaltic sandstone member 
also contain a generally well preserved molluscan fauna. Fossil 
plants and carbonaceous material are uncommon in the Lincoln for­
mation. Faunal studies indicate that the Lincoln formation ranges 
in age from latest Eocene to late Oligocene. 

Small faunal variations are found vertically within the Lincoln 
formation; however, lateral variations are particularly pronounced 
in the lower part of the formation. The basaltic sandstone 1nember 
of the Lincoln formation contains Foran1inifera typical of a sandy 
near-shore environment. This member is contmnporaneous in part 
with the tuffaceous siltstone member of the Lincoln formation thHt 
contains Foraminifera characteristic of a shallow-water off-shore 
environment. 

Fora1niniferal zones recognized are listed below from older to 
younger and a faunal list showing the associated species in each zone 
is given in the following tables. 

Offshore facies 
8igrnornorphina schencki zone 
Eponides kleinJJelli zone 
E. rnansfieldi oregonensis zone 

442728-58--4 

Nearshore facies 
Cibicides hodgei zone 
---?---



Foraminifera from the Cibicides hodgei zone in the basaltic sandstone member of the Lincoln formation (of Weaver) in the 
Centralia-Chehalis district, Washington 

[Species arranged taxonomically, with frequency of occurrence indicated as follows: V, very abundant; A, abundant; C, common; F, few; R, rare] 

Locality number 

Species 

~I* I~ i~lgi~I~I~I§[~[~I~I~IBI~I~I~ l~lg r~r~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

------------------
A.mmodiscns sp. __________________________________________ ----- ----- C ____________________ ----- ----- F ----- _____ ----- ----- ----- ----- ----- ----- ----- ----- ____ _ 
Cyclammina pacifica Beck ________________________________ ----- F R __________ ----- ----- _____ ----- C ----- _____ ----- ----- ----- ----- ----- ----- ----- ----- -----
Karreriella contorta Beck _________________________________ ---------- ______________________________ -----_____ C R _____ ----- ----- ----- ----- ----- _________ _ 
Ouinqueloculina imperalis Hanna and Hanna_____________ C ----- C F C C C F _____ F F _____ _____ F F R ----- ----- R ----- ____ _ 
Pyrgo SP------------------------------------------------- _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ R _____ _____ _____ _____ R ----- ----- _________ _ 
Cornuspira byramensis Cushman ______________________________ ----- _____ _____ R C R ________________ ----- ________________________ .. ----- _____ ------ ----- ____ _ 
Robulus holcombensis Rau________________________________ A C C R F C C C C C C F C _____ C V _____ ----- _____ A V 

~f~~i:%a~gu~~~~~-~~~-~~~~i~)-~~==================== ===== ===== ===== --~-- --~-- --~-- --~-- ==========--:a--==============================~======================== sp. D _____________________________________________________ ----- _________________________ ----- A _____ _____ _____ _____ _____ R R _______________ ----- ____ _ 
Lenticulina washingtonensis Beck_________________________ F -- R ____________________ ----- __________ ----- ----- __________ ----- ----- ----- R 
Faginulinopsissaundersi (Hanna and Hanna) _________________ C R R _____ C C C F C ----- R _______________ C R --------------- F 
Dentalina dusenburyi Beck_______________________________ R ----- F F R R C R R _____ _____ _____ _____ _____ _____ R _______________ ----- F 

communis (d'Orbigny)_______________________________ _____ _____ F _____ _____ R _____ _____ F _____ _____ _____ _____ _____ _____ R _____ ----- _____ _____ F 
Pseudoglandulina cf. conica (Neugeboren)_________________ R ----- _____ R R _____ _____ _____ _____ R _____ _____ _____ _____ F R F R ----- _____ F 
Lagena sp. A __________________________________________________ -----_____ R _____ _____ _____ _____ _____ R _____ _____ _____ _____ F __________ ----- _____ ----- R 
Gnttulina irregularis (d'Orbigny)_________________________ _____ C _____ C _____ _____ C _____ _____ F _____ R ____________________ ----- ----- R R C 

frankei Cushman and Ozawa_________________________ _____ R _____ _____ R _____ R R _____ _____ _____ _____ _____ _____ _____ R __________ ----- R ____ _ 
Globulina cf. landesi (Hanna and Hanna)_________________ _____ _____ F R _____ F R F _____ _____ _____ _____ _____ _____ _____ R _____ _____ _____ _____ F 
Sigmomorphina sp. A------------------------------------- C C F F R F R F _____ C R _____ R _____ R C _____ _____ _____ R C 
Nonion cf. applini Howe and Wallace____________________ F C _____ _____ _____ _____ _____ _____ _____ _____ _____ R ___________________________________ ----- ____ _ 

halkyardi Cushman___________________________________ R ----- _____ _____ _____ _____ _____ R _____ _____ _____ _____ _____ C R _____ C C ----- -----
Plectojrondicularia packardi Cushman and Schenck ____________ ----- _____ F F R _____________________________________________ . C ----- ----- ----- ----- F 

fgi~§§~~~~~E~r:~mm~m r r ~~m -r ~~l~~ ~~~-~ ~=c== =~= =l=~ r -~: J ~J: r ~:- -~~~ ::~ R ~R r > 
Cassidulina cf. globosa Hantken___________________________ C C F R _____ R C _____ C F _____ _____ _____ F _____ _____ R _____ _____ _____ V 
Pnllenia salisburyi R. E. and K. C. Stewart______________ _____ _____ _____ _____ _____ _____ _____ _____ R _____ _____ _____ _____ _____ F _____ R _______________ -----
Globigerina sp____________________________________________ _____ _____ _____ R _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ R ___________________ _ 
Cibicides elmaensis Rau___________________________________ F F F _____ _____ _____ _____ _____ _____ R _____ _____ _____ R R _____ R _____ R 

~:l~~~rl?i~~~~~r::~:g~~~~~===================== ==~== ==~== ===== __ ? __ --~-- --~-- --~-- --~-- --~-- ~~~~~ --~-- --~-- ~~!~~ --~-- --~-- --~-- ~~!~~ ==~== ~~!~~~--~--' ~ 

~ 
~ 

8 
~ 
~ 
~ q 
~ 

~ 
~(ji 

Q z 
1-3 
~ 
> 
~ 

> 
@ 
trl 
~ 
> 
~ 
H 
Lfl 

t:::::1 

w 
8 
::0 
~ 

a 
,..""'3 

~ 
U1 
~ z 
~ z 



Explanation of samples arranged according to locality numbers follows: 

Locality No. Map reference 

f11042 Geological Survey drill hole t:; _____________________________ _ 

f11043 _____ do _______________________ ----------------- -----------
f11044 _____ do ____________________________ _ 
f11045 _____ do ___________________________________________ _ 
f11046 _____ do ____________________________________ -_- _____ _ 
f11047 _____ do __________________________ ---- __________________ - __ _ 
fl1048 _____ do ___________________________________________________ _ 
f11049 _____ do ________________________________________________ - __ _ 
f11050 _____ do __________________________ ---_----- ___ -_------------
fl1052 Geological Survey drill hole V ____________ -----------------
!11053 _____ do ___________________________________________________ _ 

Depth 
in well 

(ft.) 
51-51\ 
81-81\ 

111-116 
141-143 
150-156 
181-186 
211-216 
241-246 
271-276 
75- 80 

116 

Locality No. 

f11054 
fl1055 
fl1127 
f11125 
f11136 
f11134 
f11132 
f11133 
f11131 
f11135 

.Nfap reference 

Geological Survey drill hole 

F-34 
F-32 
F-42 
F-40 
F-38 
F-39 
F-37 
F-41 

do __ ---------------- _______ -

Depth 
in well 

(ft.) 
121) 
131) 

lfl 

~ 
~ 
> 
~ 
H 
C) 
~ 
> 
~ ....; 

~ 
01 



Forarninifem from the tuffaceous siltstone member of the Lincoln fomwtion (of Weaver) in the Centralia-Chehalis district, 
Washington 

[Species arranged to show the highest observed occurrence in the formation, indicated as follows: V, very abundant; A, abundant; C, common; F, few; R, rare. Localities 
arranged in stratigraphic sequence with youngest on the left] 

Species 

Eponides 
mansfeldi 

oregonensis 
zone 

Frequency of occurrence for indicated zone and locality 

Eponide8 kleinpelli zone Sigmomorphina schencki zone Loc:tlities not med in zonation 

Locality number 

--::1--=-1-=---1 t--:·-~----=--=-1 :-1 =-1 :--::::-, C'l <¢ ..,;< >t:> <0 t- 00 0"> 0 ...... C'l "" <¢ ..,;< 0"> ...... 00 C'l 0 I 0"> I.;< I: 0 0 0 0 C'l ...... ...... ...... ...... ...... ...... ...... ...... ...... <0 <0 = = <0 <0 <0 = t- t- t- t- C'l ...... 0 C'l 0 C'l <¢ C'l C'l C'l 
~ ~ ~ M M M M M HIM M M M ~ 0 0 0 0 0 0 0 0 0 0 0 0 M M M M M M M M M M .......... 1M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M 
M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M M :I: I: 1- ':: --~- -~-~~ -~- :-_ -~=: - =: ':: - - ':: ':: - ':: - - ':_ - ':: - - : : -- -- ':_ 

Robu1u.~ sp. G ______________________________ _ 
Eponides mansjieldi oregonensis Cushman. 

Stewart and Stewart ______________________ R 
Bolivina marginata adelaidana Cushman and 

KleinpelL ________________________________ C IF I C 
Buliminella cf. bassendorfensis Cushman and 

0 , __ _ _, ___ ,R l __ _l R IF, __ 

F IF, __ _ 

Parker ____________________________________ R 
1\Iarginulina sp. B_ ___________________ F 
Nodogenerina? sp __________________________ C C R 
1\Iarginulinasp. C __________________________ F F F 

-·---·---·---·---·---·---·---·=::1=:=1:==1 ~ 

~~J~iJ~sc~l~a~~%ffsdt~~~R:~ --============ 6 C ~ -c--[==l===~===~~==~===l=== 1===~===·---·---·--- , __ _ 
Cassidnlina crassipunctata Cushman and 

~~~{J;~t~r~.~~~~i~~~~~~t~~c~~~~~~~~~~===~ g ¥ ~ =~= l =/=== =-: -R~ ~!- ~~~ -~ ~?- -~- === -g- =i= II ~-l ~c~ Y -g- -g- -g,- -g- -~-~=~= ~?~-~I :6: ~~~ -t -~ -~ 
sp. H _______________________________________ R R ___ ___ ___ ___ __ _ ______________________________________________________________________ _ 

Pseudoglandulina injlata (Bornemtmn) ________ 0 R ________________________________ R __________________ F R R ______ F __________________ F ___ F 
Dentalina adolphina d'Orbigny _________________ R _________ R ____________________________________________ F F F R ______ R _______________________ _ 
Lagina sp. B ___________________________________ R ___ ·-- _________ R _________________________________________ F _____________________ R ______________ _ 

sp. C _______________________________________ R _________________________________________________________________________________________________ _ 

Nor~~~·n~tuaJ:Itf~~:~a~Pa~dd'I'~~~~~~e~====== === ~ -R- -R- === ~== ==: === :== === ==~ :== ==: ==: :=: ~== :== === ==~ ==: :== -~- =:: ::= ==: ==~ === === _:: _F_ :== === === -R- === =:: 
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wZ~i~~i? fJz~~y-i~c~ia-c!·-o~b~~~l~~ = ~~~~=~~=== '!===~ fi ~~~~ 1-~-I=== = == ~==II=== 
Plecto{rondicularia sp ___________________________ R ______________ _ 
8igmoilina tnnlis (Czjzek) ________________ _i ____________ J!' ______ ·--
Epistomina eoceuica (Cushman and Hanna)__ _ ___ ___ __ F F A 
Cassidnlina gali1inensis Cushman and Friz-

--- -~~~~J~~~ 11;/j~;;/1~~=
1

1==~ ~/;~=
1

1~==1
1

;=;1' : J l-~ :: ) . 
~.;-~~==~ -v-1=== === A.- -o- --y- -p- -:F- --:F- === === ==J:F-[:= ==~ === ~J-o-F I ___ I __ _[ RIA 

zPll ---------- __ --- -------------- - _ _ ________ R I R IF 1-- IF IF I C 1---1 R 1-
QuinqueloculinaimperalisHannaandHanna ___________ F F ___ F ~---~ .. --~---~ l' \R \0\--1-- I 
Cibicides elmaen.~is Ra11_____________________ __ ___ ___ __ A C ___ R R F __ 0 C F RIA I' 

~:c"/ao;::~~~i~~~~~}i~a~~~~~·kRa~--~~===-===~==~-~=== ==- =-- --- =-- === ~ == 1==- =--~-~ ~-~- _R =- -- ==-~-- --- --- --- --
R'llml1lS cf. te.ranus (Cushman and Apphn) _

1

___ _ __ _ F ___ ___ __ __ ___ ___ _ _I____________________________________ ---~--_1 __ _1 
cf. limbosns hockleyensis (Cushman and 

i!tlifl~~f~~~~~fi~;~~~;ll •••.. -••••••••• F •.• ·~.~~ : ·~ ~! u j ~ •• F ; F F IF :I c F ~ •••• :~··· R H. t••-
A~~~J~~a~~~~~c~l~fo:~~i~~~-8!~-~~~~-hr~mnancl Hob~J _1__ _ F ___ ___ ___ ___ _ _ F F F F 

~f!?f:~~~H!!¥~~~i.~~~:.:~:,~~ t J·-- ----- .....•• -_. _-_ -- i ••• R - •• H R ••• :v -~· ; I! --: I I Ill 
Dentalina communis d'Orhigny ____ ____ [ I R ~--- --- --- ------ --- R --·- --- --- --- --
Sigmomorph.ina schencki Cushman and 

Ozawa_________________________ __ _ _ ___ ___ _ ________ F C C R V V C ___ F ____________ A 
IJental!na cf. d1wryJmr.11i Beck_____________ 1-- ___ ___ ___ ---1--- ___ ___ _ ________ F ___ --\--- ______ C R F --- ---1---1- --IF 
Onttnlma hontkem Cushman and Oza"·a__ ~---[--- ___ ___ ___ _ _ __ • _________ F R F __ F F ___ R F , ___ , ___ , ___ , ___ , __ _ 
Plectofrondicularia packardi Cushman and , 

Schenck_________ ________________________ ___ _ _______________________________________ R ______ R F ___ F C R _____________ _ 

;~~g::~;~:I:;;~~;;:J;~~,:~~~'"- · · ..... ••• ••• ••• = • - • ~ m ••• •-- • - - R •~ •~• } i •~• I 1 { • -· -·; .F. R= _F [ - _ ) i 
cf. ovata Romer__________________________ ___ ___ ___ _ _________________________________________ R ___ ___ ___ ___ ___ ___ ___ ___ ___ _ ______ : __ _ 

-&U:~~lfr~~~ :~~~~~1~~~~~~~~~~-~~~~============ --- --- --- === === === === === === === === === === === === === === === === === === ~ g -F- === === =-= --= === === === --- --- --- --= R B·nlzminella sp______________________________ ___ ___ ___ ___ ___ ___ _ ______________________________________ F ___ ___ ___ ___ ___ ___ ___ ___ ___ - --- _____ _ 
Buliminapnpoides d'Orbigny ______________________________________________________________________________ F ___ __ ___ ___ ___ ___ ___ ___ ___ _ -~-- F 
Spirolowlina texana Cushman and Ellisor_ _________________________________________________________________ R R R ___ ___ ___ ___ ___ ___ ___ ___ _ _____ _ 
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Fomm.inifera from the tuffaceous siltstone member of the Lincoln formation (of Weaver) in the Centralia-Chehalis district, 
1V ashington-Continued 

Species 

Eprmides 
mansfeldi 

oreyonensis 
zone 

Frequency of occurrence for indicated zone and locality 

Eponidu kleinpelli zone Siymomorphina schencki zone 

Locality number 

Localities not used in zonation 

8 1~1~1~1~1~1~1~1~1~1~1~1~1~1~1~1$1~1$1~1~1ffiiRI~I~I~I~I~Isl~1~1~1$1~1~1~ M ~ ~ M ~ ~ ~ M M ~ ~ M M M 0 0 0 0 0 0 ~ 0 0 0 0 0 M M M ~ ~ M ~ ~ M M 
~ M ~ ~ M M M M ~ ~ M M M M M M M M ~ ~ ~ M ~ M M M M ~ M M M ~ ~ M ~ ~ 
M M ~ ~ M M M ~ ~ ~ M ~ M ~ ~ M M M M ~ ~ M ~ M M M M ~ ~ M ~ ~ M ~ ~ M 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

-----l-l--1-1-1-1--1-l-l-·-1-1-1-1-1-1-1-1-l-l-1-1-1-1--1-1-1-1-o-

fi.Iaryinnlina sp. D_____________ ____________ ___ ___ ___ ___ _ _____________ _ R 1---~---~---~---1---'---~---~---~---~---'---~---~---

--1-

vJ!t~~!)~=~~~--_s:a~~~~~-e~si ___ c~-~~~~---~~d- --- --- --- --- --- --- --- --- ---~--~--- ---~---~---~---~---~---~---~---~---~---~ F ~---~---~---~---~---~---~---~---~---l---'---~---~-umyen'!i'_ a co~oaens.zs Cushman_,:: ___________________________ --- _______________ --- --- ____________ --- ____________ R --- ___ --- --- ___ --- --- --- ---
1
---1--- --- --

Pullenza sal1sburyz R. E. and K. C. Stewart_ __________________________ . _____________________________________________ F ____________________ _ 
Gyroidina sp. B_____________________________ ___ ___ ___ ___ _ ________________________________________________________ R ________________ C __ _ 

Explanation of samples arranged according to locality numbers fellows: 

Locality 
No. 

fll106 
f11104 
fll105 
flll07 
f11120 
f11119 
fllllO 
f11118 
f11117 
fl1115 
f11112 
f11116 
f11113 
flllll 
fll062 
fl1063 
f11064 
fl1065 

F-13 
F-11 
F-12 
F-14 
F-27 
F-21\ 
F-17 
F-25 
F-24 
F-22 
F-19 
F-23 
F-20 
F-18 

.Aiap reference 

Geological Survey drill hole 
_____ do __________________________________________________ _ 
_____ do __ ------------------------------------- ___________ _ 
_____ do_--------------------------------------------------

Depth 
in well 

(ft) 

63-73 
84-89 

114-119 
145-150 

Locality 
No. 

!11066 
!11067 
f11068 
fl1069 
f11070 
f11071 
f11072 
f11073 
!11123 
!11114 
!11109 
f11121 
fll108 
fll122 
fll130 
fll129 
flll24 
fll128 

Depth 
in u·ell 

:Aiap reference (ft) 
Geological Survey drill hole Ch-I-continued ______________ 218-223 
_____ do ___________________________________________________ 249-254 
_____ do ___________________________________________________ 281-286 
_____ do ___________________________________________________ 323-328 
_____ do ___________________________________________________ 354--359 
_____ do ___________________________________________________ 383-388 
_____ do ___________________________________________________ 415-420 
_____ do ___________________________________________________ 420-436 
F-30 
F-21 
F-16 
F-28 
F-15 
F-29 
F-36 
F-35 
F-31 
F-34A 

~ 
00 

8 
> 
t" 

~ 
~ 
q 
!:d 

~ 
~t/1 
(') 
t_:l::j 

~ 
8 
!:d 
> 
~ 
H 

> 

~ 
t_:l::j 

o:1 
> 
~ 
t:! 
tJj 
8 
!:d 

~~ 
~ 
Ul 
o:1 z 
~ z 



STRATIGRAPHY 49 

The Oibioides hodgei zone contains the nearshore assemblages 
found in the basaltic sandstone 1nmnber of the Lincoln formation. 
The following combination of species typify this zone: 

Vaginulinopsis saundersi (Hanna and Hanna) 
Sigmomorphina sp. A. 
llalvulineria willapaensis Rau 
Cibicides hodgei Cushman and Schenck 
C. elmaensis Rau 

Oibioides hodgei and V aginulinopsis saundersi, although present 
in the Skookumchuck formation, are common in this zone. A few 
species such as 0. elmaensis and V. toillapaensis first occur in this 
zone. Sigmmnorphina sp. A has not been found in any of the other 
zones. A few species common in underlying zones, such as Quin­
q~telooulina goodspeedi and Karreriella oontorta, last appear in this 
zone. 

The Sigmo1norphina sohenoki zone occupies the lower part of the 
offshore tuffaceous siltstone 1nember of the Lincoln formation and is 
in part contemporaneous with the Oibioides hodgei zone; but it 1nay 
not extend as high stratigraphically as does the 0. hodgei zone. The 
n1ore significant species occurring in the Sigmmnorphina sohenoki 
zone are as follows : 

Gaudryina alazanensis Cushman 
Kat·reriella washingtonensis Rau 
Spiroloculina texana Cushman and Ellisor 
Cornuspira lewisensis Beck 
Vaginulinopsis saundersi (Hanna and Hanna) 
Guttulina hantlceni Cushman and Ozawa 
S,igmomorphina schencki Cushman and Ozawa 
Plectoj1·ondicularia paclcat·di Cushman and Schenck 
U vige1'ina cocoaensis Cushman 
Eponides cf. duprei Cushman and Schenck 
Ceratobulimina washburni Cushman and Schenck 
Cassidulina galvinensis Cushman and Frizzell 
Cibicides elmaensis Rau 

Sigmomorphina sohenoki is common throughout most of this zone 
and is not known to occur above or below it. Both Oibioides el­
mae,nsis and 0 assidulina galvinensis first occur in this zone. Plecto­
f'rondioularia paokardi is not recorded above this zone. The first 
occurrence of 0. elmaensis and the last occurrence of V aginulinopsis 
saundersi in both the S. sohenoki and 0. lwdgei zones suggest that 
these zones are in part contemporaneous. 

The Eponides kleinpelli zone generally occupies the middle part 
of the tuffaceous siltstone 1nmnber of the Lincoln formation. The 
Foraminifera of this zone are not particularly distinct from those in 
the overlying and underlying zones, except that E. kleinpelli is usu­
ally found in substantially greater numbers than in the other zones. 
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The following species typify the assmnblage of the E. kleinpelli 
zone: 

N onion halkym·di Cushman 
Gyroidina orbicularis planata Cushman 
Eponides kleinpelli Cushman and Frizzell 
Oassidttlina galvinensis Cushman and Frizzell 
Oibicides elmaensis Ran 

The Eponides Tnansfieldi oregonensis zone contains a combination 
of Foraminifera noticeably distinct fron1 that of other parts of the 
Lincoln formation. The assemblage is characterized by the presence 
of a few species known from beds of Miocene age in association with 
species commonly present in beds of Oligocene age. The cmnbina­
tion of the following species is particularly characteristic of the E. 
'171Ltnsfieldi oregonensis zone: 

Robu,ltts sp. G 
111 arginulina sp. C 
Buliminella cf. bassendorfensis Cushman and Parker 
Bolivina marginata arlelaidana Cushman and Kleinpell 
Oassidulina crassipwnctata Cushman and Hobson 
O'ibicides elmaensis var. A Ran 

The Foraminifera of the Lincoln formation correlate \vith faunas 
that range in age from latest Eocene to late Oligocene. The forami­
niferal assemblages of the Sign1Jmnorphina schencki zone and the 
Oibicides hodgei zone of the lower part of the Lincoln for1nation 
contain 1nany species identical to those present in the upper Eocene 
Cowlitz formation (Beck, 19±3) and in the 1\::easey formation and 
Bastendorf shale of Oregon (Cushman and Schenck, 1928; Detling, 
1946). The 1\::easey for1nation and the Bastendorf shale are con­
sidered to be either latest Eocene or earliest Oligocene in age. Fora­
minifera collected from siltstone beds in the Willapa River in the 
NE:!4 sec. 36, T. 13 N., R. 8 W. and assigned an age equivalent to the 
1\::easey formation (Rau, 1951, p. 423) also display a characteristic 
combination of upper Eocene and Oligoeene Foraminifera. Fora­
Ininifera from the 0. hodgei zone of the near shore facies also cmn­
pare with a fauna collected frmn a drill hole near the Gries Ranch 
megafossil locality in the SW14SE:14 sec. 2±, T. 11 N., R. 2 W. 
Weaver (1937, p. 109) and Effinger (1938) correlated the Gries 
Ranch strata with the lowermost Oligocene. Inasmuch as the fora­
miniferal assemblages frmn the lower part of the Lincoln fonnation 
of Weaver compare most elosely 'vith faunas of the 1{easey formation, 
and as 1nany species are also found in the Cowlitz formation, the 
assen1blage in the lower part of the Lineoln formation is considered 
to be latest Eocene or earliest Oligocene in age. 

A foraminiferal assemblage comparable to that of the Eponides 
kleinpelli zone of the 1niddle part of the tuffaceous siltstone member 
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of the Lincoln fonnation is found in exposures along State Route 9 
in the immediate vicinity of Porter, about 10 miles northwest of the 
mapped area, and in beds referred to as the "Lincoln equivalent" 
(Ran, 1951, p. 425) from the valley of Willapa River. 

The occurrence of Oligocene forms together with a few forms 
known from Miocene rocks of other areas indicates that the Eponides 
rnansfieldi oregonensis zone is of late Oligocene age. Tuffaceous 
siltstone and sandstone exposed in road cuts immediately south of 
Malone along State Route 9, approxi1nately 11 miles northwest of 
the mapped area, contain a foraminiferal assemblage that is a cor­
relative of the E. 1nan,sfieldi oregonensis zone. Beds referred to as 
the "Blakeley (?) equivalent" in the valley of Willapa River by Ran 
(1951, p. 426) also contains both Oligocene and Miocene species. 

Well-preserved invertebrate 1negafossils are commonly present in 
the tuffaceous siltstone 1nmnber of the Lincoln formation. The basal­
tic sandstone me1nber also contains 1negafossils but most of them are 
poorly preserved. Fossils are uncommon in the upper part of the 
basaltic sandstone member south of the North Fork of the N ewau­
kmn River, which suggests that the strata there 1nay be largely of 
nonmarine origin. 

The molluscan fauna collected fron1 the lower part of the basaltic 
sandstone member was identified by H. E. Vokes, who divided the 
fauna into two faunal units; a lower one that is closely related to the 
fauna of the Cowlitz formation, and an upper one that is very si1nilar 
to the lower faunal zone of the l{easey formation of Oregon (Warren 
and N orbisrath, 1946, p. 227; Moore and V olms, 1953, p. 118-120). 

Vokes assigned a late (or latest) Eocene age to the molluscan fauna 
collected from the lower part of the basaltic sandstone member of the 
Lincoln formation. He further stated that the close relationship of 
the lower fauna of the basaltic sandstone 1nember to the fauna of the 
Cowlitz formation seems clearly to indicate that there was no very 
significant time interval between the close of Skookumchuck (Cow­
litz) deposition and the beginning of deposition of the basaltic sand­
stone here assigned to the Lincoln formation. 

The stratigraphic position of the localities containing megafossils 
in the basaltic sandstone mmnber suggests that the two faunal units 
established by Vokes do not have stratigraphic significance but re­
flect differences in ecology rather than time. Megafossils collected 
at locality l\1-26 (tables page 52) and assigned to the upper faunal 
unit by Vokes are frmn a siltstone inter bed in the basaltic sandstone 
1nember that rests about 10 to 15 feet stratigraphically above the con­
tact with the underlying Skooknmchuck formation. It therefore 
appears that the 1negafossils in the fine clastic interbeds of the basaltic 
sandstone member more closely correlate with faunas of the lower 
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Megafossils t1·om the basaltic sandstone member of the Lincoln formation (of 
Weaver) in the Centralia-Chehalis district, Washington 

[Identifications by H. E. Voke.s] 

Lower zone Upper zone 

Locality No. (map reference in 
parentheses) 

Species 
0 ~ "" § §' Sl ~ ~ 
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'"' 00 <': ...... "" 
..,. ...... "" ::ie 0 0> <0 <0 00 0> 0 0> ..,. o<:> 

~ ~ 
..,. 

~ 
..,. 

~ ~ ~ ~ ~ ~ 

Acila (Truncacila) decisa (Conrad) ___________________ X X ________________ ---- ---- ----
(Truncacila) nehalemensis (G. D. Hanna) ____________________________________ X ----

"Nucnlana" washingtonensis (Weaver) n. subsp.I____ X X ? X ____ X X X ___ _ 
Nuculana? ___________________________________________ ________________ X ____ ---- ---- ----
nstrea sp. indet ------------------------------------- ________ X ____________________ ----
Folsella eugenensis (Clark) __________________________________________________________ afi. 

sp ___________________________________________________________________________ X ----
Thracia dilleri Dall __________________________________ X X ________________ ---- ---- ----

n. sp,I _______________________________________________________________ X X ____ X 

·~1t~i-~g.~~~~it~~~~1~n~W~~~~~r~~~================= ==== ==== -x- ==== ==== -~- ==== ==== ==== Taras sp _________________________________________________________ X ____________ X ___ _ 
Pitar clarki (Dickerson) __________________________________________ cf. ________________ X 

(Lamelliconcha) eocenica (Weaver and Palmer) ___ X ? ___________________________ _ 
s. sp _________________________________________________ X X ---- X ---- ---- X ----

Tellina n. SP----------------------------------------- ________________________________ X 
Spisula sp. indet_ ___________________________________________ X X ________ ---- ---- ----

b~~'/aB~'::/~~;~~}~e~t;;}.)Gabb_-~====================== ==== -~- -x- ==== ==== ==== ==== ==== atf Eolariella n. sp _______________________________________________ X X ____ X ____ X ___ _ 
I~omalopoma n. sp _______________________________________ X ________________ ---- ---- ----

~~~~~bl£~';:~~it(6~~~)_~?_a_~~~=~==========~======== ==== -~- ==== ==== ==== ========-X-==== 
Rimella (Ectinochilus) washingtonensis (Clark and 

Palmer) ___________________________________________________ X ____________ ---- ---- ----
Ficopsis cowlitzensis (Weaver)? n. subsp ____________ X X ____ X ________ ---- ---- ----
Siphonalia sopenahensis (Weaver)________________________ ? ________________ ---- ---- ----
Bmclarkia n. sp. ! ___________________________________________________________ X X ___ _ 
Perse washingtoniana (Weaver)? n. subsp ___________ X X ? ________ X ____ X ___ _ 

SP----------------------------------------------- ---- ---- ---- ---- X ---- ---- ---- ----Priscofusus n. sp _________________________________________________________________ X ___ _ 

E.rilffn~~l~~':~i~i~':ae::r~~~=========================== ==== ==== ==== ========-X-==== ~ ==== 
:~g~::;;::e{~.~~enison-ae-nU.t-l!aill====================== ==== ==== ==== ==== ==== -x- ==== -~- -x-Hemipleurotoma pulchra (Dickerson) ________________ aff. aff. ___________________________ _ 

Tur~~~~~bi~~~tD~i~i~-~~~~_v_e~r}_----==============~==== -~- ==== ==== ==== ========-X- -X- -X-
Scaphander stewarti Durham _____________________________________________ X ____ X X 

~~i;ics~z!/:~-~os:~~~~-~?-~~~~======================== -~- -~- ==== ==== ==== ========-X-==== Cylichnina tantilla Anderson and Hanna _____________ X X ________________ ----

1 Moore. R. C., and Vokes, H. E., 1952, U. S. Grol. Survey Prof. Paper 233-E. 
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faunal zone of the l(easey formation, whereas the megafossils col­
lected frmn the sandstone beds of the member are more closely re­
lated to the near-shore faunas of the Skookumchuek and Cowlitz 
formations. 

vVithin the 1nappecl area megafossils have not been obtained from 
the lowermost part of the tuffaceous siltstone 1nember of the Lincoln 
formation. West of the area, however, strata equivalent to the tuf­
faceous siltstone member immediately overlying basalt flows of mid­
dle Eocene age are exposed in a quarry in the SWn sec. 34, T. 17 N., 
R. 5 W. These strata have yielded well-preserved fossils which have 
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been tentatively eorrelatecl by Vokes with the upper part of the 
l(easey formation of Oregon and with the beds exposed at Gries 
Ranch fossil locality in southwestern vVashington. 

Megafossils frmn the middle part of the tuffaceous siltstone Inem­
ber of the Lineoln formation have been illustrated and described by 
'IV eaver (1937), who assigned a Iniddle Oligocene age for the con­
taining rocks. Collections of fossils frmn this part of the 1nember 
were made by the authors and were identified by H. E. Vokes (see 
tables following), who assigned a middle Oligocene age to the fauna. 

A mollusean fauna eolleetecl from the uppermost exposed part of 
the tuffaeeous siltstone nwmber, in eliffs immediately southeast of 
Helsing Junction, is referred to as late 0 ligoeene in age by Vokes, 
who correlates it with the fauna of the type Blakeley formation of 
Weaver. 

Megafossils from tl!e tuffaceous siltstone membet· of the Lincoln fonnation (of 
Weaver) In the Centralia-Chehalis district, Washington 

[Identifications by H. E. Vokes] 

Species 

Acila (Truncacila) shumardi (Dall) ____ _ 
(Acila) gettysburgensis Reagan __________ _ 

"Volsella restorationensis (Van Winkle) ____ _ 
Nuwlana. washingtonensis (We.aver)_________________ X 
Yoldia chehalisensis (Arnold)_____________ X 

n. sp. aff. newcombei Anderson and Martin __ _ 
]o,finormalletia (?) n. sp____________________ _ _________ _ 

Locality ~o. 
(Map reference in parentheses) 

------------------------ __ x __ ------
------ ------ ------ ------ ------ ------ X 

--- ------ ------ ------ ------ ------ X 
X X X 

X 

Pseudamussium sp__________________________ ------ ------ ------ ------ ------

X 
X 
X 
X 
X 
X Delectopecten sp ____ ---------------------- _____________ _ 

Anadara sp _____ ----------------------------- X 
Crenella porterensis Weaver________________ X X X X X X 

washingtonensis Weaver_________________________ X ______ ------ ------ ------ ------ ------ ------
Crassatella lincolnensis (Weaver)____________ X 
.~ 'ener_ica;,dia s~. _indet ___________________________________ _ 

Luczna acut1lmeata Conrad_______________________ X 
Lo:cocardium lincolnensis (Weaver)_________ X 
Nemocardium lorenzanum (Arnold)________ X 
lviacrocallista pittsburgensis (Dall)_________________ X 
Pitar dalli (Weaver)_________________________________ X 
Tellina lincolnensis Weaver__________________ X 
Solen lincolnensis Weaver____________________________ X 
Solena eugenensis (Clark)_________________________ X 
Dentalium porterensis Weaver________________ ___ X 
Natica (Tectonatica) weaveri Tegland_________________ X 
Polinices (Polinices) washingtonensis (Weaver)_______ X 

(Polinices) washingtonensislincolnensis (Weaver)_ X 
Turritella porterensis (Weaver)_____________________ X 

cf. blakeleyensis Weaver_ ____________________________ _ 
Echinophoriafa:c (Teghnd)_______________________ X 
Olequahia lincolnensis (Weaver)_____________________ X 
Siphonalia washingtonensis (Weaver)_________________ X 
1\.folopophoruslincolnensis Weaver___________ X 
Perse lincolnensis (Van Winkle)__________________ X 

X 
X 

X 
X 

X 

x· 

Priscofusvs chehalisensis (Weaver)____________________ X X 

X 

X 
X 
X 

X X ------------ X ------
------ ______ X ______ cf. _____ _ 
------ ------ ------ X ------ ------

______ aff. _______________________ _ 
------------------ X ------------

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

stewarti (Tegland) _________________________________________ . ______ ______ ______ ______ ______ X 
E:cilia lincolnensis Weaver___________________________ X X 

sp_---- ------------------------------------------ -
"Suavodrillia" thurstonensis (Weaver)________________ X 
Spirotropis kincaidi (Weaver)________________________ X X aff. _____ _ 
Turricula aff. washingtonensis Weaver ________________ _ 

worcesteri (Van Winkle)_________________________ X 
Scaphander washingtonensis Weaver __________________ _ ---~------ -----------------

X 

X 
X 

X 

X ~------
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MIOCENE SERIES 

ASTORIA(1) FORMATION 

GENERAL FEATURES 

A sequence of continental and marine beds of conglomerate, sand­
stone, and siltstone unconfonnably overlies the Lincoln formation in 
three widely separated areas in the Centralia-Chehalis district. These 
sedimentary rocks are tentatively correlated with the Astoria forma­
tion of Oregon on the basis of their contained fauna, their strati­
graphic position, and their lithologic characteristics. 

Condon (Cope, 1880) originally applied the name "Astoria shales" 
to the beds of Oligocene and Mioeene age that are exposed in and 
near the town of Astoria, Oreg. It has been the practice among most 
reeent workers to restriet the Astoria formation to those beds of 
1nidclle Miocene age that oceur below or interfinger with the Columbia 
River basalt. In aeeordanee with this usage, Etherington (1931) 
mapped and deseribed the Astoria formation in Grays Harbor, Lewis, 
and Thurston Counties, Wash.; and Weaver (1937) mapped bed~ 
west of Chehalis that he assigned to the Astoria formation. Parts 
of the areas mapped by these two workers are ineluded in this report. 
The Astoria formation, as described and mapped by Etherington and 
Weaver, is aceepted with reservation by the authors, as beds of middle 
Mioeene age in the Centralia-Chehalis area cannot be traced, without 
interruption, into the type section of the Astoria formation of Oregon. 
The Astoria ( ~) formation of this report, therefore, may not occupy 
a stratigraphic position identical to that of the Astoria formation of 
Oregon. 

The two largest areas of outerop of the Astoria ( ~) formation oceur 
along the Centralia syncline in the northwestern part of the 1napped 
area, and along the Chehalis syneline in the south western part. The 
Astoria ( ? ) formation is also exposed in small isolated outerops along 
the North Fork of the Newaukum River in sec. 35, T. 14 N., R. 1 W. 
The beds exposed in the North Fork of the N ewauktun River were 
described by Snavely, Roberts, Hoover, and Pease (1951) as "basaltic 
eonglomerate" of J\ilioeene ( ? ) age. These beds eonsist largely of ma­
terial derived frmn the Northcraft formation and were probably laid 
down in the same narrow basin of deposition as \vere the sandstone 
beds of the Astoria ( '?) formation in the Chehalis syncline to the west. 

Folding and faulting probably preeeded deposition of the As­
toria ( ? ) forn1ation throughout the Centralia-Chehalis district, as 
along the margins of its basins of deposition, the Astoria ( ? ) forma­
tion in places nearly overlaps the Lineoln formation. However, away 
from structurally positive areas, as in the Centralia syncline, the As­
toria ( ? ) formation disconfonnably overlies the Lincoln fonnation. 
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LITHOLOGIC CO:MPOSITIOl'l. 

The Astoria ( ? ) formation is typically exposed in cliffs south of the 
Chehalis River from Independence to a point about half a mile to 
the east and consists of a lower unit of friable medium-grained tuff­
aceous fossiliferous sandstone with a few siltstone lenses, and an 
upper unit of fine-grained arkosic sandstone with numerous fragments 
of siltstone and pebbles of mottled quartzite. :Megafossils and plant 
fragments are commonly found in both units. 1Vhen fresh, the rock 
is bluish gray but weathers to olive-buff. l\:lieroscopic studies of sev­
eral sand samples from the Astoria ( '?) formation in the Centralia 
syncline show that the sand is composed of lithic fragments, plagio­
clase, and quartz, with lesser amounts of hornblende, glass, chlorite, 
biotite, muscovite, magnetite, augite, garnet, topaz, and apatite. 
Heavy minerals are much more abundant in the sandstone of the 
Astoria ( ? ) formation than in the older rocks. The lithic fragments 
are volcanic rock debris with some altered volcanic glass. These vol­
canic constituents probably represent material derived from the under­
lying Lincoln formation. The mineral grains are generally angular 
to subangular and the lithic fragments are usually subrounded. 

The formation where exposed in the Chehalis syncline is composed 
predominantly of massive or crossbedded friable medium-grained 
sandstone. Angular to subangular grains of feldspar and quartz, and 
subrounded lithic fragments of volcanic origin are the most important 
detrital components. The beds in the Chehalis syncline are min­
eralogically very similar to those exposed in the Centralia syncline to 
the north. Crossbedded sandstone in the Chehalis syncline contains 
thin irregular zones of intraformational breccia in some places, scour­
and-fill channels, and other shallow-water depositional features. 
Zones of granule sand, and sporadic pebbles, which are ~ommonly 
quartzite, are found throughout much of the sandy part of the forma­
tion. Typical exposures of sandstone of the Astoria (?) formation 
are present in road cuts north of Ceres, in sec. 14, T. 13 N., R. 4 1iV., 
along the ~1ilitary Road north of Claquato, in Wlj2 sec. 25, T. 14 N., 
R. 3 W., and in the Bunker quarry on the Chehalis-Raymond highway 
in sec. 7, T. 13 N., R. 3 W. 

The conglomeratic parts of the Astoria (?) formation are composed 
predominantly of volcanic material in the east and of metamorphic 
rock types in the west. Although thin conglomerate zones occur 
in the sandstone of the Astoria(?) formation in the western part of 
the mapped area, the maximum known thiekness is along the North 
Fork of the Newaukum River in sec. 35, T. 14 N., R. 1 1iV. In this 
area about 500 feet of pebble and cobble conglomerate is interbedded 
with coarse- to medium-grained basaltic and arkosic sandstone. The 
pebbles and cobbles are composed chiefly of blaek porphyritie basalt 
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with a few cobbles of agate and vein quartz. Petrographic studies 
of a few of the cobbles from the conglomerate indicate that a part of 
the material was derived from the Northcraft formation, which is 
exposed to the east. 

Fossil wood and plants are commonly found throughout the As­
toria ( ? ) formation but occur in greatest abundance in the basaltic 
conglomerate and sandstone beds exposed along the North Fork of 
the N ewaukum River, in the southeastern part of the mapped area. 
Here, limbs of trees as much as 10 feet in length and stumps as large 
as 3 feet in diameter are interbedded with sedimentary rocks (fig. 14). 

FIGURE 14.-Fossil wood interbedded with conglomerate and sandstone of the .Astoria ( ?) 
formation, in stream bed of the North Fork of the Newaukum River, NW1,4 sec. 35, T. 14 
N., R. 1 W. Pick is resting on limb that lies parallel to strike of beds. Large dark­
colored stump, near center of picture, is inclined parallel to dip. 

The larger fragments of wood are not carbonized and, although dis­
torted, retain most of their primary wood structure. At the Bunker 
quarry, in theSE% sec. 7, T. 13 N., R. 3 vV., wood imbedded in the 
Astoria( n formation at the contact with overlying basalt flows has 
been burned. The finely divided plant material and small fragments 
of wood that are commonly found in the fine-grained clastic rocks 
of the formation are generally carbonized. 

FOSSILS AND CORRELATION 

Identifiable invertebrate fossils were found in the Astoria ( ? ) for­
mation only in the Centralia syncline and suggest a correlation with 
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the fauna of the middle Miocene Astoria formation of Oregon. Fossil 
plant material from the Astoria ( ~) formation also indicates a middle 
Miocene age for these beds. 

Two collections of n1egafossils fron1 the Astoria ( ~) formation were 
made in the western part of the Centralia syncline. The following 
mollusks were identified and assigned a Miocene Astoria age by H. E. 
Vokes: 

Fossil locality: M- 36 (pl. 1) : 
Acila (Truncacila) conradi (Meek) 
N uculana chehalisensis (Weaver) 
Mytilus watersi Etherington 
? Pitar oregonensis (Conrad) 
"Marcia" angustifrons (Conrad) 

Fossil locality: M- 37 (pl. 1) : 
Acila (Truncacila) conradi (Meek) 
"Marcia" ? sp. indet. 
Orepidula praerupta Conrad 
Oalyptraea inornata ( Gabb) 

Fossils were collected from the Astoria ( ? ) formation east of Inde­
pendence (pl. 1, M-36) by Etherington (1931, p. 54-56), who assigned 
a middle Miocene age to the containing rocks and considered them 
to be equivalent in age to the type section of the Astoria fonnation at 
Astoria, Oreg.; the Miocene strata exposed at Yaquina Bay, Oreg.; and 
the Temblor formation of California. 

In the southeastern part of the mapped area, along the strean1 bed 
of the North Fork of the N ewaukum River, in the NW~ sec. 35, T. 14 
N., R. 1 W. (pl. 1, fossil locality P- 3), abundant well-preserved limbs 
and trunks of fossil trees are interbedded in the sandstone and con­
glomerate of the Astoria(~) formation. A species of Abies (fir) from 
this locality was identified by Roland vV. Brown who comments: 

Foliage, cone scale, and seeds of firs are common in Oligocene and Miocene 
deposits of the Northwestern States. In this instance, considering the degree 
of preservation of the wood and accompanying circumstances, I consider a 
Miocene age quite probable. 

Abundant well-preserved fossil logs as much as 40 feet in length 
have been uncovered at the base of the basalt flows in the Bunker 
quarry, SEl!tt, sec. 7, T.13 N., R. 3 vV. (fossil locality P-2). Brown 
identified Sequoia affinis Lesquereux and a species of T huja from 
this locality. Concerning the Thuja species, he states: 

This wood appears to be a species of Thuja (western red cedar). Foliage 
called Thuites sp. has been identified from correlative strata near Spokane, 
·wash., thus confirming the presence of a red cedar in the flora of Washington 
during the middle Miocene time. 
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COLUMBIA RIVER O) B ASALT 

GENERAL FEATURES 

In the southwestern part of the Centralia-Chehalis area, a dark­
gray aphanitic basalt flow rests unconformably upon sedimentary 
rocks of the Astoria ( ? ) and Lincoln forn1ations and is overlain by 
beds ranging in age from late :.Miocene to Recent. A few erosional 
remnants of this flow are present south of Independence, in the north­
western part of the area. 

The name "Columbia River lava" \Vas proposed by I . C. Russell 
(1893, p. 20- 22) for extensive basalt lava flows that cover parts of 
\Vashington, Oregon, Idaho, and northern California. The basalts 
of Russell included several geologic ages, and later workers have 
restricted the name Colun1bia River basalt to include only that basalt 
which is of Miocene age. 

In northwestern Oregon and southwestern Washington, along the 
lower gorge of the Columbia River, basalt assigned to or correlated 
with the Columbia River basalt has been mapped by Weaver (1937), 
Treasher (1942), Warren and Norbisrath (1946), and \Vilkinson, 
Lowry, and Baldwin (1946). Reconnaissance studies south of the 
Centralia-Chehalis area to the Columbia River indicate that the basalt 
flow that overlies the Astoria(?) formation in the mapped area is 
«-correlative of, and may have been continuous with, the flows mapped 
as Columbia River basalt along the lower gorge of the Columbia 
River. 

The Columbia River ( ? ) basalt in the Centralia-Chehalis area has 
a rather uniforn1 thickness of between 70 and 80 feet throughout 
most of its outcrop area and a maximun1 thickness of about 100 feet. 
The basalt, however, thins rapidly toward areas that were topo­
graphically high in pre-Miocene time. 

The Columbia River(?) basalt, one of the most resistant rock types 
in the area, when unweathered forms cliffs and steep slopes. Most of 
the area underlain by the basalt is characterized by a reddish-brown 
lateritic soil. The leaching of the ferromagnesian minerals produces 
a light-gray porous rind, 1;:4 to lh inch thick on weathered surfaces. 
In this rind the relict textures of the basalt are visible with the aid 
of a lens. 

The Columbia River(?) basalt is known to crop out only in the 
western part of the Centralia-Chehalis area, where it is exposed 
along the Chehalis syncline and near the axis of the Centralia syn­
cline. Most of the area in the vicinity of Crego Hill is underlain by 
the Columbia River(?) basalt, which dips northward and eastward 
into the Chehalis syncline. The basalt is n1uch n1ore extensive south 
of the Chehalis syncline than north of it. The n1ost easterly known 
extent of the basalt is in a water well in the NWJA sec. 21, T. 13 N., 
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R. 2 \V. Fifty-four feet of basalt was found in this well at a depth of 
522 feet. As the Columbia River(?) basalt n1aintains a fairly uni­
form thickness throughout 1nost of the southwestern part of the 
Centralia-Chehalis district, it probably extended at least as far east 
as the central part of the Napavine syncline. The greater areal ex­
tent of basalt in the extreme southern part of the mapped area is 
probably due to the fact that the source of the flows was to the south. 
Two small erosional outliers of Columbia River(?) basalt are found 
in the northwestern part of the Centralia syncline, in sec. 24, T. 15 
N., R. 4 vV., and in sec. 19, T. 15 N., R. 3 vV. The Colun1bia River (?) 
basalt probably was not continuous across the Lincoln Creek uplift 

FIGuRE 15.-Columnar-jointed Columbia River( "I) basalt overlying sandstone of the 
Astoria ( ?) formation at the Bunker quarry, in the SE7::! sec. 7, T. 13 N., R. 3 W. 

which separates the two known areas of outcrop. However, the basalt 
that crops out in the Chehalis syncline and in the Centralia syncline 
may have been continuous west of the mapped area and part of the 
same flow. 

The Columbia River(?) basalt usually has well-developed short 
prismatic, rosette, and columnar types of jointing. Along Stearns 
Creek, in sec. 24, T. 13 N., R. 3 W ., and in the Bunker quarry, SE~ 
sec. 7, T. 13 N., R. 3 \V., vertical columnar joint blocks frequently are 
10 to 15 :feet in length and 1 to 2 feet in diameter (fig. 15). Vesicular 
zones occur at both upper and lower flow contacts of the basalt, and 
vesicles are common throughout the entire flow. Occasionally the 

442728- 58-5 
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larger vesicles are lined with a thin coating of white material and 
rarely contain a liquid. Vesicularity is generally pronounced at the 
upper part of the basalt, but in most areas erosion has removed this 
part of the flow. No evidence of more than one flow of Columbia 
Hiver(?) basalt has been found within the area mapped. 

LITHOLOGIC COMPOSITION 

In hand samples the Columbia River ( ? ) basalt is usually clark 
gray and aphanitic, and breaks '"ith a conchoidal fracture. In some 
specimens a very fine -grained porphyritic texture n1ay be seen with 

FIGURE 16.-Columbia River(?) basalt from Bunker quarry, in the SE1,4 sec. 7, T. 13 N., 
R. 3 W. Light-colored rectangular phenocrysts are labradorite and large dark areas 
are glass with disseminated dust of magnetite. Ordinary light, X 25. 

the aiel of a hand lens. Petrographic studies of the basalt show it 
is hemicrystalline, with intersertal, vesicular, and, less commonly, 
porphyritic textures. The basalt is composed of plagioclase feldspar, 
augite, magnetite, volcanic glass, and chloritic minerals (fig. 16). 
Plagioclase comprises approximately 55 percent of the rock and is 
alkalic labradorite, which is usually unaltered. The feldspar 
crystals, which are seldom longer than 1 millimeter, generally are 
euheclral and show well-developed albite twinning. The augite 
crystals constitute 15 to 25 percent of the basalt and range from 
euheclral to subhedral and are very uniforn1 in size and distribution. 
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The groundmass is composed of magnetite, volcanic glass, chlorite 
minerals and palagonite. ~1agnetite occurs as dust or as a late 
magmatic crystallization product, forming branching aggregates of 
minute octahedrons in the interstitial glass. The volcanic glass com­
prises 15 to 30 percent of the samples studied and is in places al­
tered to palagonitic material. Crystallites and perlitic cracks are in 
some unaltered samples. The ferromagnesian minerals show a small 
amount of alteration to chloritic minerals. 

MIOCENE AND PLIOCENE(?) SERIES 

GENERAL FEATURES 

An unnamed sequence of fluvial, lacustrine, and brackish-water de­
posits consisting of as much as 1,000 feet of semiconsolidated siltstone, 
sandstone, conglomerate, and tuff overlies the Columbia River ( ~) 
basalt and older formations in the southern part of the Centralia­
Chehalis area. This rock sequence is usually covered by Quaternary 
deposits, and exposures are rarely found. Previous workers, there­
fore, did not differentitate the nonmarine sedimentary rocks from 
other Tertiary formations . The nonmarine sedimentary rocks are 
better exposed in the vicinity of Toledo, abo1.1t 8 miles south of the 
mapped area, and they will be named and described from these ex­
posures in a later report. Stratigraphic position and paleobotanic 
evidence indicate that these sedimentary rocks range in age from 
middle to late ~1iocene, and possibly to Pliocene. 

The nonmarine sedimentary rocks are restricted chiefly to the 
broad synclines in the southern part of the n1apped area. The basin 
of deposition of these rocks was shallow, and downwarping probably 
kept pace with sedimentation, permitting the accumulation of a thick 
sequence of rocks. In some places the nonmarine sedimentary rocks 
overlap the Astoria ( ~) formation and the Columbia River ( ~) basalt 
to rest with angular unconformity upon beds of the Lincoln formation. 

In the southwestern part of the mapped area, the nonmarine sedi­
mentary rocks form a relatively restricted belt that extends along 
the val1ey of the Chehalis River from the west edge of the area east­
ward to the vicinity of Littell. They underlie most of the south­
central part of the mapped area, extending from Stearns Creek east­
ward almost to the head of the valley of the North Fork of the 
~e,vaukum River; and from the south side of Salzer Creek in the 
NE~ sec. 35, T. 14 N., R. 2 V\T. to and beyond the south edge of the 
described area. Nonmarine sedimentary rocks are probably present 
along the base of many of the low hills ''hich border the valley of the 
~ ewaukun1 River, but most of these areas are masked by colluvium 
from the overlying Logan Hill formation and cannot be mapped. 
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LITHOLOGIC COMPOSITION 

The nonmarine sedimentary rocks consist of massive semiconsoli­
dated siltstone and sandstone with intercalated beds of conglomerate 
and waterlaid tuff. Beds of partly carbonized wood, as much as 4 
feet thick, occur within this unit. Blue-gray and blue-green silty 
sandstone and siltstone comprise most of the nonmarine sedimentary 
rocks that are exposed in the valleys of the Newaukum River and its 
North Fork in the south-central part of the mapped area. However, 
subsurface data in the N ewaukum River valley indicate conglomerate 
and sandstone beds are present at depth in the nonmarine unit. In 
the southwestern part of the area, along the Chehalis River and in the 
hills west of Bunker Creek the nonmarine sedimentary rocks consist 
chiefly of massive conglomerate beds and thin-bedded sandstone, with 
only minor amounts of interbedded siltstone and tuff. 

Unctuous medium-bluish-gray and medium_-blue-green semiconsoli­
dated siltstone, claystone, and silty sandstone are the predom_inant 
rocks in the nonmarine unit. When weathered the rocks are an iron­
stained n1ottled yellowish-orange to reddish-orange color. Thin ir­
regular zones rich in iron oxide are con1monly found along the base 
of the siltstone and claystone beds. Siltstone beds are usually sandy 
and contain mica and tuffaceous and carbonaceous material. These 
finer clastic rocks are massive, but bedding occasionally is made ap­
parent by thin sandstone beds or by the concentration of fossil plant 
fragments (fig. 17). Limbs, twigs, and fragments of partly carbon-

FIGURE 17.-Thin-bedded siltstone and fine-grained sandstone of the nonmarine sedi­
mentary rocks in th e KE~ sec. 36, T. 14 K , R. 5 W. Beds show intraformational 
deformation due t o slumping prior to consolidation. 
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ized wood are often found in the finer clastic rocks. Olive-green 
tuffaceous siltstone and claystone with interbedded basaltic and 
tuffaceous sandstone crop out along the strea1n bed of the North 
Fork of the N ewaukun1 River. The green color of these rocks prob­
ably results frmn the alteration of volcanic debris. 

Beds 6 inches to 25 feet thick of fine- to coarse-grained arkosic and 
basaltic tuffaceous sandstone and waterlaid tuff are interbedded with 
the finer .clastic rocks. Beds of n1edium-grained tuffaceous sandstone 
are well exposed along a logging road west of Bunker Creek, in sec. 
35, T. 14 N., R. 4 W. Poorly sorted pebbly sandstone interbeds con­
tain wood fragments in many places. The pebbles consist of rounded 
to subangular volcanic rocks with chalcedony and other lithic frag­
ments. Bluish-gray thin-bedded 1nicaceous, feldspathic sandstone, 
commonly interbedded with dark-brown carbonaceous siltstone, is 
poorly exposed along the valley of the Chehalis River, west of Bunker 
quarry. These beds closely resmnble those of similar facies in the 
Skookumchuck formation and are \vell exposed immediately west of 
the mapped area in the bed of the Chehalis River between Doty and 
Rainbow Falls. 

Microscopic exa1nination of sa1nples obtained from outcrops and 
frmn water wells drilled in the valley of the Newaukum River indi­
cates that the non1narine sedi1nentary rocks are composed chiefly of 
subangular to subrounded lithic fragn1ents (basalt or volcanic glass), 
feldspar, quartz, and 1nica. Lithic fragments and feldspar are most 
abundant but the ratio between these constituents is variable. Heavy 
minerals make up 5 to 10 percent of the rock and consist of green and 
brown hornblende, 1nagnetite, hypersthene, and augite. Biotite, gar­
net, and chlorite are less con1mon constituents. 

Conglmnerate beds of the nomnarine sedi1nentary rocks consist 
chiefly of subrounded to subangular pebbles and cobbles of porphy­
ritic basalt and andesite, with lesser amounts of other rock fragments. 
The material in the conglon1erate strata ranges from 14 inch to 8 
inches in diameter, but nwst of the fragments are less than 4 inches 
in dian1eter. The conglmnerate is usually poorly sorted and has a 
matrix of n1edium-grained friable basaltic sand. Bedding is usually 
absent or poorly developed in the conglomerate strata but in a few 
places is shown by the presence of sandstone lenses. In the western 
part of the area mapped, along Bunker Creek in sec. 26, T. 14 N., R. 4 
W., the nonmarine sedimentary rocks contain basal conglomerate com­
posed of material reworked frmn the underlying Lincoln fonnation. 
This basal conglmnerate is cmnposed of subangular to angular frag­
ments of siltstone and sandstone in a 1natrix of sandy siltstone. Con­
glmnerate strata are exposed along a logging road west of Bunker 
Creek, in sec. 35, T. 14 N., R. 4 vV. At this locality, which is several 
hundred feet stratigraphically above the basal conglomerate zone, 
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the predmninant rock types in the conglomerate are porphyritic ba­
salt and andesite; acid volcanic rock types compose about 5 percent 
of the pebbles, and sub angular blocks (as much as 3 feet in diameter) 
of sedimentary rocks occur in places in the conglomerate. A thin 
basaltic conglomerate was observed overlying the Columbia River(?) 
basalt immediately west of the area. This conglmnerate is cmnposecl 
principally of pebbles and cobbles of scoriaceons basalt 111 a matrix 
of coarse-grained basaltic sandstone. 

Section of the nonmat·ine se(linwntary t·oclcs exposed along logging t·oad in 
NE1f4, NE1,4, sec. 35, T. 14 N., R. -1 lF., Centralia-Chchali8 (U8trict 

Top of unit not exposed. 
Thickness 
Ft In 

Sandstone and siltstone, light-yellowish-gray, thin-bedded ________ _ 6 
Sandstone and siltstone, mottled, light-gray and medium-gray, mas-

sive; abundant mica flakes and macerated plant material along 
bedding planes ______________________________________________ _ 

Sandstone, light- to medium-gray, thin-bedded, fine-grained; some-
what silty and carbonaceous _________________________________ _ 1 

Sandstone, medium-gray, well-compacted, massive, earbonaceous __ _ 0 
Siltstone and sandstone, medium-brownish-gray, micaceous, carbo-

naceous _____________________________________________________ _ 1 
Siltstone, dark-brownish-gray, finely micaceous, carbonaceous; with 

4 in. bed of compressed lignitized wood and lignite at top _____ _ 4 
Siltstone, dark-brownish-gray, highly carbonaceous; thickness 

variable ____________________________________________________ _ 0 
Claystone, medium-dark-gray, semiconsolidated, silty; with partly 

altered lithic fragments _____________________________________ _ 1 
Tuff, light-gray, fine-grained, water laid, somewhat bentonitic (?) ___ _ 3 
Siltstone and mudstone, dark-yellowish-orange, iron-stained, tuff-

aceous; contains imprints of fossil plants______________________ 14 
Tuff, coarse, light-gray to light-bluish-gray, massive to crossbedded, 

waterlaid; becomes finer grained toward top; iron stained 
at base______________________________________________________ 6 

Sandstone. medium-grained, poorly sorted, tuffaceous; tuff lenses 
up to 6 in. thick_____________________________________________ 20 

Covered ------------------------------------------------------ 72 
Sandstone, moderate-yellowish-brown, poorly sorted, medium-

grained, slightly micaceous___________________________________ 3 
Siltstone, light-olive-gray, tuffaceous, clayey, sandy _____________ _ 
Sandstone, light-gray, silty, iron-stained: contains thin siltstone 

interbeds; poorly exposed in upper part; abundant imprints of 
fossil plants 1 ft. above base ________________________________ _ 

Sandstone, moderate-yellowish-brown, semiconsolidated, fine- to 
medium-grained, crossbedcled ; contains thin pebble conglomerate 

10 

lenses ------------------------------------------------------ 22 
Conglomerate, pebble to cobble, porphyritic basalt rock types with 

few acid volcanic rock types and quartzite; contains angular 
blocks of siltstone up to 7 in. in diameter--------------------- 10 

Sandstone, light-yellowish-gray, moderately indurated, pebbly, 
medium- to coarse-grained, iron-stained ; contains lenticular zones 
of pebbles and thin clay partings_______________________________ 7 

6 
6 

2 

8 

6 
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Section of the nonmarine sedimentar]! rocks emposed alonu louuinu 1·oad in 
NE1j4 , NElf±, sec. 35, T. 14- N., R. 4- W., Centralia-Chehalis district-Continued 

Conglomerate, pebble and cobble, chiefly porphyritic basalt rock 
types with a few acid volcanic rock types and quartzite, semicon­
solidated, poorly sorted; medium-grained friable sandstone 
matrix; contains subangular blocks, as much as 3ft in diameter, 
of medium-gray, medium-grained tuffaceous sandstone in upper 

Thickness 
Ft In 

part_________________________________________________________ 28 

217 4 

FOSSILS AND CORRELATION 

Fossil plants occur abundantly in the nonmarine sedimentary rocks, 
but in most cases the material is unidentifiable because of carboniza­
tion or prolonged rotting. However, fossil wood frmn sandstone and 
conglomerate in the west bank of Bunker Creek, in the NE~ sec. 35, 
T. 14 N., R. 4 W. (pl. 1, fossil locality P-1), was identified by Ro­
land W. Brown as Taxodium sp. (bald cypress), and he assigned a 
1niddle to late Miocene age to the containing strata. Mr. Brown 
stated that the wood is very similar to the wood of the widespread Mi­
ocene species, T. du.~biu,rm (Sternberg) Heer, which occurs abundantly 
in the Mascall and Latah formations of Oregon and Washington. 
Imprints of fossil leaves oeeurring in strata of silty tuffaceous sand­
stone \Vere eolleeted frmn a loeality in the NEl;i sec. 35, T. 14 N., R. 
-! 1V. (fossil locality P-la) and were examined by Mr. Brown, who 
identified the following species : 

AJnus t·elatus (Knowlton) Brown 
Betula fairi Knowlton 
A.cer bendit·ei Lesquereux 

Concerning the age of this material Mr. Brown stated: 

From the small number of species I can identify, this collection seems to repre­
sent a Latah flora and, therefore, to be middle to late Miocene in age. * * * 

Approximately 4 miles west of the 1napped area, in the NE~ sec. 36, 
T. 14 N., R. 5 W., a small collection of fossil plant material was taken 
from earbonaeeous sandstone that is a part of the nonmarine sedinlen­
tary rocks of this report. l\{r. Brown assigned a probable 1niddle to 
late Miocene age to this 1naterial and 1nade the following 
identifications : 

MetaJsequoia occidenta1is (Newberry) Chaney 
Sequoia ajfinis Lesquereux 
Salix sp. 
Fragments of other dicotyledonous leaves 

On the basis of stratigraphic position and paleobotanic evidenee, 
the lower part of the nonn1arine sedimentary rocks is assigned a late 
middle or late Miocene age. Fossil material from the upper part of 
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the sequence consists of unidentifiable wood and horsetail tubers that 
are not diagnostic of age. As a thick section of strata, without an ap­
parent erosional break, is present above the beds fron1 which plants 
of late Miocene age were obtained, a Pliocene age is suggested for the 
upper part of the nonmarine rock sequence. 

Strata which are equivalent to the nonmarine sedimentary rocks 
crop out south of the 1napped area and are well exposed along the 
Cowlitz River east of Toledo, Wash. These rocks, which contain 
well-preserved fossil plants that have been assigned a Miocene age by 
Roland Brown, will be na1ned and described in a forthcoming geo­
logic report on the Toutle and Olequa quadrangles by A. E. Roberts. 

West of the mapped area, in the vicinity of Grays Harbor, Weaver 
(1937, p. 187-191) described several thousand feet of rocks consisting 
predominantly of sandstone with interbedded sandy carbonaceous 
shale and conglmnerate beds. These rocks, which overlie the Astoria 
formation, were na1ned the Montesano formation by Weaver, who as­
signed to then1 a late Miocene to 1nicldle Pliocene age on the basis of 
their contained 1narine invertebrate fauna and fossil plants. La­
Motte ( 1936, p. 348) identified 14 species of fossil plants collected 
fron1 the Montesano fonnation of Weaver in the vicinity of Aberdeen, 
Wash.; he stated that these species have close affinities to the flora of 
the Mascall fonnation of eastern Oregon. Therefore, a correlation 
based upon stratigraphic position and paleobotanic evidence is sug­
gested between the nomnarine secli1nentary rocks and a part of the 
Montesano formation. 

About 12 1niles east of the mapped area a sequence of nonmarine 
tuffaceous claystone, siltstone, sandstone, conglomerate, tuff, and beds 
of partly carbonized wood is well exposed along the valley of the 
Nisqually River from La Grande (sec. 32, T. 16 N., R. 4 E.) down­
stream to sec. 1, T. 16 N., R. 2 E. J. E. Sceva, who called this section 
to the writer's attention, collected fossil plants frmn siltstone strata 
in the upper part of the sequence. These plants were identified by 
Boland W. Brown, who assigned an early Pliocene age to them. 
Strata exposed along the Nisqually River have a 1narked lithologic 
resemblance to the nonma.rine secli1nentary rocks in the Centralia­
Chehalis area and are correlated with them. Strata correlative to the 
nonmarine secli1nentary rocks in the mapped area, therefore, probably 
occur beneath the Pleistocene deposits in 1nany places in the southern 
Puget Sound basin. 

In the vicinity of Portland, Oreg., semiconsolidated sedimentary 
rocks, which are lithologically si1nilar to the nonmarine sedimentary 
rocks, overlie the Cohunbia Hiver basalt and have been considered a 
part of the Troutdale fonnation by Piper (19±2, p. 23), Treasher 
(19±2, map), and Wilkinson, Lowry, and Baldwin (19±6, p. 28). The 
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log of the Ladd well (Piper, 1942, p. 132) in the Portland area shows 
that approximately 895 feet of poorly consolidated fine-grained sedi­
mentary rocks with interbedded conglmnerate beds and fossil plants 
are present above what is presumed to be Colu1nbia River basalt. 
Similar strata overlying the Columbia River basalt have been pene­
trated in drill holes west of Portland in the eastern part of the Tuala­
tin Valley (Donald A. Hart, oral cmnn1unication). On the basis of 
lithologic si1nilarity and stratigraphic position, the nmnnarine sedi­
mentary rocks of the Centralia-Chehalis district are correlated with 
strata assigned to the Troutdale formation in the vicinity of Port­
land, Oreg. 

QUATERNARY SYSTEM 

PLEISTOCENE SERIES 

The western slopes of the Cascade Range and the Puget Sound 
trough underwent extensive and repeated glaciation during the 
Pleistocene epoch. Russell first called attention to two till sheets and 
interglacial sediments in the Puget Sound region, but his work was 
never published. Later, Willis ( 1898) described the glacial history 
of Puget Sound and named two glacial stages, Admiralty and Vashon, 
and the Puyallup interglacial stage. Bretz (1913) described the 
glacial deposits in the Puget Sound region and made many valuable 
observations relative to the origin of these deposits. 

Geologic mapping in the Centralia-Chehalis area has revealed the 
presence of till, outwash, and glaciofluvial n1aterial deposited by both 
continental and alpine glaciers. Generally, the glacial deposits from 
these two distinct sources can be easily recognized by their rock types, 
depth of weathering and oxidation, and their general altitude and 
topographic expression. 

LOGAN HILL FORMATION 

GENERAL FEATURES 

The name Logan Hill fonnation was proposed by Snavely, Roberts, 
Hoover, and Pease (1951) for partly consolidated, weathered, and 
iron-stained gravel and sand ·which form flat-topped upland surfaces 
throughout much of the Centralia-Chehalis district. These gravel 
deposits at one time probably covered all but the structurally high 
areas within the area mapped. 

Snavely, Roberts, Hoover, and Pease (1951) referred to the gravel 
of the Logan Hill fonnation as fluvial deposits of early Pleistocene 
age. The glaciofluvial origin of these deposits could not be dmnon­
strated until the Logan Hill formation ·was mapped south of the 
Middle Fork of the Newaukum River, where deposits that are be­
lieved to be till are interbedded with the Logan Hill fonnation. The 
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presence of till in deposits equivalent to the Logan Hill formation in 
areas inunediately east of the 1napped area has been studied by Erd­
mann (1951) and Mundorff (1952) and supports a glaciofluvial ori­
gin for the Logan Hill formation. 

The initial surface of the Logan Hill formation has an altitude 
of about 1,000 feet in the eastern part of the area and decreases 
uniformly westward to an altitude of about 400 feet between Stearns 
Creek and the N ewauku1n River, and to an altitude of about 350 feet 
in the northwestern part of the area, on Michigan Hill. The gravel 
is found at altitudes as high as 700 feet along the east side of Crego 
I-Iill and as high as 600 feet along the southern flank of the Lincoln 
Creek uplift. As the source for most of the Logan Hill gravel was 
to the east, the apparent rise of the initial surface of these deposits 
in the southwestern part of the area nmy be the result of post­
depositional deformation. However, there is a possibility that the 
gravel at a higher elevation in the vicinity of Crego Hill may have 
been derived from the highland areas west of the mapped area. 

Benches, ranging in altitude frmn 20 to 320 feet above the valley, 
are found throughout the area underlain by the Logan Hill formation. 
The lower benches are erosional terraees cut by the present streams, 
along which the upper weathered part of the formation has been reJ 
n1oved. As the gravel on the higher benches is deeply weathered, 
these benches may be the result of. terracing by lateral planation of 
the streams that deposited the gravel of Logan Hill formation. In 
places, the Logan Hill formation has been entirely removed by erosion 
and the cut surface at the base of the formation has been exhumed. 
The low tablelike area just southeast of Rochester represents such a 
a surface. 

The authors believe that the gravel of the Logan Hill formation 
represents outwash debris from alpine glaciers in the highland areas 
immediately east of the mapped area and in the western Cascade 
Range. The ont,vash carried by the melt waters of these glaciers 
formed extensive piedmont alluvial fans throughout 1nueh of the Cen­
tralia-Chehalis district. The presence of local glaciers in the Puget 
Sound basin during the early Pleistocene has been pointed out by 
Newcomb (1952, p. 15) in his ground water studies of Snohomish 
County, \V ash. In referring to the origin of the till deposits of 
Ad1niralty age, he states: 

* * * a local-ice theory of glaciation would fit more reasonably the conditions 
under which the considerable thicknesses of day and silt that marked Admiralty 
time were deposited. 

The Logan Hill fonnation was deposited on an old land surface of 
mature relief, drowning or beveling the preexisting topography. 
Truncation of the underlying bedrock is apparent from exposures 
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along the south bank of the Chehalis River between Grand Mound 
and Reising Junction. The average thickness of the formation is 75 
to 100 feet; however, in areas where old channels have been filled, the 
thickness may exceed 200 feet. Typical exposures of this formation 
are found in road cuts and canyons on Logan Hill, which is the type 
area. Particularly good exposures of these deposits are found along 
an old logging road that runs northeast from Onalaska, in sees. 20 and 
21, T. 13 N., R. 1 E. A new road cut just south of Chehalis in the 
NWJ4 sec. 8, T. 13 N., R. 2 vV., affords an excellent opportunity to 
study about 100 feet of this formation. 

LITHOLOGIC COMPOSITION 

The Logan Hill formation is composed largely of reddish- to yel­
lowish-brown, iron-stained gravel and n1inor amounts of interbedded 
sand and silty clay. The gravel consists chiefly of pebbles and cob­
bles of porphyritic volcanic rocks in a silty clay matrix. Most of the 
volcanic rocks are derived fron1 the Northcraft formation. Pebbles 
and cobbles of metamorphic and igneous rocks, agate, chalcedony, and 
petrified wood are present locally. The metamorphic rocks are gen­
erally found near the base of the formation, which suggests that they 
represent material reworked from conglmnerates of Miocene age. 
The gravel is usually massive or crossbedded and constituents are 
"·ell-rounded and well-sorted. J\tiany of the pebbles are flattened and_ 
a few are faceted and grooved, suggesting abrasion by ice. There is 
a general decrease in the size of the gravel westward from the eastern 
part of the mapped area. In the western part of the area, as on 
Michigan Hill, the Logan Hill formation contains a higher percent­
age of sand and silt than is found in the eastern part of the area. 

The sand of the Logan Hill formation contains a high percentage 
of material eroded from the underlying Tertiary formations. In 
several areas, as in the vicinity of Tono, it is difficult to differentiate 
the sand of this formation from the underlying sandstone of the 
Skookumchuck formation. The sand of the Logan Hill formation 
is usually poorly sorted, n1assive to crossbedded, medium to coarse 
grained, and in places it interfingers with gravel deposits. Scour­
and-fill channels are numerous. The grains are iron stained and con­
sist of rock fragments, quartz, feldspar, biotite, 1nafic minerals, mag­
netite, and n1uscovite, in order of decreasing abundance. M:any of the 
rock fragments and mafic minerals are chloritized and the feldspar is 
kaolinized. The quartz and feldspar grains are angular to sub­
angular, whereas the rock fragments are generally n1ore rounded. 

The clay is usually silty and bentonitic ( ? ) and contains fragmental 
plant material and irregular zones rich in iron oxide. The clay com­
monly is slickensided, which may be the result of a postdepositional 
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increase in volume resulting from the alteration of the original vol­
canic ash to bentonitic ( ? ) clay. The contacts between the clay and 
the coarser grained sediments are usually sharp, but at places clay 
grades laterally into silty sand. 

The upper part of the Logan Hill formation has been weathered 
to a depth of 25 to 50 feet. The surface outcrops of gravel are de­
composed to the degree that the gravel can be cut with a knife (fig. 
18). A thin fihn of manganese oxide covers the surface of n1any of 
the pebbles in the \Yeathered zone; the film outlines the shape of the 

FIGU RE 18.- Decomposed gravel in the upper part of the Logan Hill formation, in the 
NW~ sec. 8, ·T. 13 N. , R. 2 W. The cobbles consist predominantly of porphyritic vol­
canic rocks which are decomposed to a degree that they can be cut with a knife. 

pebbles in freshly cut sections. Many of the volcanic rocks are en­
tirely leached to light-gray kaolinitic (?) material. The feldspar 
phenocrysts in these rocks are also altered to kaolin, and the ferro­
magnesian minerals are oxidized to reddish-brown ferruginous prod­
ucts. Below the initial surface the pebbles are less weathered, usually 
having a weathered iron-stained soft porous rind that becomes thinner 
with depth. The gravel is relatively fresh 50 to 75 feet below the 
initial surface; however, oxidation often stains the gravel to this 
depth. Son1e of the gravel in the lower part of the formation is used 
for road rock. The weathered upper part of the forn1ation in places 
fonns moderately steep slopes as it contains sufficient clay derived 
from weathering of the volcanic rocks to partly consolidate the gravel. 
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Along stream courses there are many landslides in the Logan Hill 
formation. 

Deposits of till are interbedded with the Logan Hill formation in 
the south-central part of the area. Approximately 75 feet of till and 
weathered gravel is exposed along a road cut just south of the Middle 
Fork of the N ewaukum River, in sec. 28, T. 13 N., R. 1 W. The 
till is a light- to medimn-gray 1nassive compact mixture of boulders, 
cobbles, and pebbles that are composed chiefly of subangular to sub­
rounded porphyritic volcanic rocks and set in an iron-stained sanely 
clay matrix. A few cobbles of vein quartz, meta1norphic rocks, and 
sedimentary rocks were found. Rinds of light-gray kaolinitic ( ~) 
material are on smne of the boulders and cobbles; other boulders and 
cobbles are unaltered. They range in size frmn less than 1 inch to 
16 inches, averaging about 4 to 6 inches in dia1neter. A few of the 
cobbles are highly polished, have 2 to 4 facets, and are striated and 
grooved. The till grades laterally into gritty sand and 1nassive cOin­
pact iron-stained fairly nonplastic silty clay that shows slickensides. 

AGE AND CORRELATION 

Correlations between the Logan Hill fonnation and other lower 
Pleistocene deposits of sin1ilar origin can be only tentative. How­
ever, as the valley glaciers of the western Cascade Range probably 
reached their maxi1num extent at about the sa1ne ti1ne, it seen1s 
justifiable to correlate the outwash deposits frmn these glaciers. 

The Logan Hill formation is widespread in areas adjacent to the 
Centralia-Chehalis district. This formation has been 1napped about 
10 1niles south of the type area, in parts of the Olequa and Toutle 
quadrangles by Robelis. The gravel is composed chiefly of porphy­
ritic volcanic roeks similar to those found in the Centralia-Chehalis 
area. Lowry and Baldwin (1952, p. 17) suggest that the gravel imine­
diately south of the mapped area is si1nilar to the Troutdale fonna­
tion of Oregon, which was assigned an early Pliocene age by Chaney 
( 1944) . They assign a Pliocene ( ? ) age to the gravel that crops out 
in sec. 1, T. 12 N., R. 3 W. and to si1nilar gravel exposed imn1ediately 
to the east of this locality. These gravel deposits can be traced north­
ward into the lower Pleistocene Logan Hill formation of this report. 
Therefore, the authors believe that the Troutdale formation includes 
a sequence of rocks that range in age from at least early Pliocene to 
early Pleistocene and that the Logan Hill fonnation is equivalent to 
the upper part (early Pleistocene) of the Troutdale formation as 
mapped by Lowry and Baldwin. 

Erdmann and Baten1an (1951, p. 48-52) described deposits of 
weathered and iron-stained gravel between the Cowlitz River below 
the mouth of the Tilton River and U. S. Highway 99 and referred to 
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these deposits as "Ancient drift ( ? ) . ~' Erdman tentatively considered 
the "Ancient drift (?)" to be outwash gravel and till related to an 
early Pleistoeene ice advance, possibly Nebraskan or Kansan. A 
reconnaissance map, which includes a part of the Centralia-Chehalis 
district, accompanies his report and shows the known outcrops of 
"Ancient drift(?)." These outcrops in the Centralia-Chehalis 
district are a part of the Logan Hill formation in this report. 

Gravel deposits that are believed to be equivalent in age to the 
Logan Hill formation are discontinuously exposed in cuts along the 
valley of the Chehalis River westward frmn the mapped area to Sat­
sop, Wash. The red gravel in the vicinity of Satsop and westward to 
Grays Harbor were na1ned Satsop for1nation and described by Bretz 
(1913, p. 39-43), who states: 

The conclusion seems probable that these red gravels [Satsop] are Pleistocene 
stream deposits in the Pliocene or early Pleistocene Chehalis Valley, and on a 
Pliocene or early Pleistocene wave-cut coastal shelf. 

He eonclucled: 

Their decay and staining are somewhat greater than that of known Ad­
miralty gravels in the Puget Sound basin, and with one exception no granite 
or other rock has been found in them by which they could be identified with 
Puget Sound glaciation. 

As the Satsop gravel deposits eontain rock types similar to those 
found in the Logan Hill formation, as well as rock types probably 
derived frmn the Olyn1pic Mountains, it is possible that the gravel 
deposits along the Chehalis River between Satsop and Grays Harbor 
represent a 1nixture of glaciofluvial 1naterial frmn both the Olyn1pic 
Mountains and the western Caseade Range, and that the Satsop and 
the Logan Hill formations are eontemporaneous. 

I1nmediately north and east of the Centralia-Chehalis area, in the 
Ohop Valley quadrangle, Mundorff, Weigle and Holmberg ( 1955) 
1napped decomposed gravels of the Logan Hill formation as far east 
as the valley of the Nisqually River and on the upland surfaee north 
of Alder, Wash. Mundorff states that north of Alder the gravels 
appear to be interbedded with glacial till. 

TERRACE DEPOSITS 

GENERAL FEATURES 

Unconsolidated gravel and sand of glaciofluvial ongn1 form an 
extensive terrace along the N ewaukum River and its South Fork from 
the vicinity of Chehalis to the eastern margin of the area. The terrace 
has been modified by erosion and in plaees is so highly dissected that 
it cannot be mapped separately frmn the alluvium. The surface of 
the terrace rises frmn an altitude of about 200 feet in the vicinity of 
Chehalis to more than 700 feet near the eastern edge of the mapped 
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area, along the South Fork o:f the Newauktun River. In general, the 
dip o:f the deposits is parallel to the present gradient o:f the Newau­
kum River and its South Fork. North o:f Chehalis the only expres­
sion o:f the N ewaukmn River terrace is about 1 mile west o:f Centralia, 
on the west side o:f the Chehalis River. He.re the altitude o:f the 
surface of the terrace is about 180 :feet. The terrace deposits have a 
maximmn exposed thickness o:f 30 to 35 :feet, but well logs indicate 
that the deposits are more than 50 :feet thick. 

The large volume o:f glaciofluvial material deposited along the 
valley o:f the N ewatikum River raised the base level o:f the smaller 
tributary streams, causing them to deposit fluvial debris near their 
mouths and to alluviate their valleys. The largest tributary, the 
North Fork o:f the N ewauku1n River, has removed most o:f the glacio­
fluvial material deposited near its mouth, but the smaller tributaries, 
such as Dillenbaugh and Berwick Creeks, still have a thin veneer o:f 
~ron-stained silt, sand, and gravel on their flat valley floors. 

LITHOLOGIC COMPOSITION 

The pebbles and cobbles in the terrace deposits are usually hard 
and have a very thin weathered or iron-stained rind. The :few cobbles 
that are partially or completely decayed were probably derived :from 
the Logan Hill :formation. The terrace gravel near Onalaska and 
along the South Fork o:f the Newaukmn River appears to consist 
(_',hiefly of outwash deposits and contains poorly stratified rounded to 
subroundecl pebbles and eobbles in a sand 1natrix. The gravel is 
closely packed and the cobbles and boulders usually are coated with 
a thin film o:f rock flour. Rounded boulders as much as 2 :feet in diam­
eter are :found sporadically in the cobble gravel. The rock types 
consist largely o:f prophyritic andesite and basalt derived :from the 
Northcraft :formation, but a :few cobbles are o:f middle Eocene sedi­
mentary rocks, Cascade andesite ( ~), and weathered volcanic rocks 
!.'eworked :from the Logan Hill :formation. 

Down river :from Onalaska the terrace is composed o:f a higher 
percentage o:f locally derived 1naterial o:f fluvial origin. Sandy silt 
and ·weathered gravel derived :from the Logan Hill :fonnation and 
debris :frmn Tertiary sedimentary rocks :fonn a large percentage o:f 
the deposits. 

AGE AND CORRELATION 

The N ewaukmn terrace is believed to have a glaciofluvial origin 
and to represent a mixture o:f alpine outwash and locally derived 
fluvial n1aterial. The large volume o:f glaciofluvial material that once 
partially filled the entire valley of the Newaukum River was probably 
transported by 1nelt waters fron1 alpine graciers down either the 
Co\vlitz River or its tributary, the Tilton River. 
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No till was found in the terrace deposits, although immediately 
oast and south of the area Inapped, Erdmann (1951, p. 63) described 
small Inasses of till interbedded with outwash gravel equivalent to 
those in the Newaukum River terrace. As the outwash gravel deposits 
are slightly more weathered than the latest drift in the Puget Sound 
area, Erdmann tentatively considered them to be of earliest Wisconsin 
or Iowan age. 

The terrace deposits along the N ewaukum River are assigned a late 
Pleistocene age; however, the dissected character of the surface of the 
terrace suggests that glaciofluvial deposits may he somewhat older 
than the Vashon drift. 

VASHON DRIFT 

GENERAL FEATURES 

The Puget Sound lobe of the late Pleistocene continental Vashon 
glacier extended southward into the northern part of the Centralia­
Chehalis district. Till and outwash derived from this ice sheet are 
widespread throughout the northern part of the mapped area, reaching 
as far south as Centralia. At the time of maximum glaciation, the 
southern margin of the ice sheet extended from the Black Hills 
eastward across Rochester, Mound, and Rock Prairies, thence north 
to Tenino. The southernmost exposure of till is found just south of 
Violet Prairie, in the SE1;4 sec. 34, T. 16 N., R. 2 W. The glacier 
rode up to a maximmn altitude of about 1,100 feet along the volcanic 
highland area that extends from Tenino to the eastern margin of the 
1napped area. Ice tongues of the Vashon glacier probably extended 
clown Johnson Creek and the lower canyon of the Skookumchuck 
River. 

Large volumes of n1elt wat€r from the wasting Puget Sound lobe 
of the Vashon glacier flowed generally southward and westward across 
the northern part of the Inapped area, reaching the Pacific Ocean by 
way of the lo·wer Chehalis River. The melt waters followed three main 
drainage routes which roughly correspond with the present courses 
of the Skookumchuck River, Scatter Creek, and the Black River. 
The Skookumchuck River drainage channel received the discharge of 
Mulqueen Gap and Johnson Creek which were the southern outlets 
for the 1nelt water in the present Deschutes River area. The large 
quantities of outwash gravel deposited along the length of the drainage 
channels dammed the mouths of the tributary valleys. Lakes and 
swamps formed behind the gravel da1ns, and paludal and lacustrine 
deposits were laid down in these impounded areas. Hanaford and 
Zenkner valleys are good examples of tributaries that were blocked 
by outwash debris, and excellent exposures of outwash material in 
the dams are found in gravel pits at the mouths of these valleys. The 
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largest of these outwash-impounded areas existed south of Centralia 
and is referred to as "Glacial Lake Chehalis" by Bretz ( 1913, p. 120-
121). 

Drainage diversions, due to blocking by glacial ice and damming 
by outwash debris, have affected the development of the present to­
pography; many examples of each were found during the course of 
the field work. 

However, it is beyond the scope of this report to give a comprehen­
sive discussion of the physiographic history of the area. The reader 
is referred to Bretz ( 1913) for a detailed discussion of the late 
Pleistocene history of the area. 

DEPOSITS OF TILL 

Vashon till is restricted to the northern part of the mapped area 
where it was deposited as a sheet at the base of the ice. It is best 
exposed in road cuts in the low hills west and north of Tenino and 
north of Vale, where it mantles the bedrock. Generally the till is 
not very thick, probably less than 50 feet; however, a greater thickness 
is found where the till was deposited in topographic depressions. 

The till consists of a light-bluish-gray compacted mixture of mate­
rial that ranges in size from. clay to boulders 8 to 10 feet in diameter. 
The matrix predominates and is composed of well-cmnpacted and 
tough clay and silt, and poorly sorted silty sand. The boulders and 
cobbles are subangular to subrounded and are usually composed of 
metamorphic and igneous rock types foreign to the area, and of various 
types of volcanic rock. Till consisting predominantly of subangular 
boulders of light-brownish-gray gabbro porphyry with a maximum 
diameter of 6 :feet and subrounded cobbles of basalt and andesite are 
found in morainal deposits along the Skookumchuck River east of 
Stony Point School, in the Slf2 sec. 12 and the NE~ sec. 13, T. 15 N., 
R. 1 W., and in an isolated exposure in the canyon of the Skookum­
chuck River one-half mile west of Fall Creek, in the NW~ sec. 16, T. 
15 N., R. 1 E. Studies of thin sections of several of the gabbro por­
phyry boulders indicate that the boulders are identical mineralogically 
to the gabbro porphyry in a sill exposed along the Skookumchuck 
River in the northern part of sec. 14, T. 15 N., R. 1 E. The cobbles 
of volcanic rocks are similar to the basalt and andesite of the North­
craft :formation. 

The accumulation, near Stony Point School, of till containing local 
rock types may also be explained by the presence of alpine glaciation 
in the foothills of the Cascade Range during late Pleistocene time. 
If a Pleistocene valley glacier extended as far west as the lower gorge 
of the Skookumchuck River; the till in the vicinity of Stony Point 
School may represent a terminal moraine of this glacier. The writers 

442728-58-6 
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believe that small ice fields were present in the hills immediately 
adjacent to the eastern border of the mapped area during late Pleisto­
cene time, but sufficient field work has not been done to establish the 
existence of large valley glaciers. 

DEPOSITS OF OUTWASH 

Outvvash sand and gravel of Vashon valley trains form the broad 
prairies in the northern part of the mapped area. Terraces of out­
wash gravel, modified in recent erosion, are present along the margins 
of Johnson Creek and in the valleys of Skookumchuck and Chehalis 
Rivers. The surface of the outwash prairies is close to that of the 
initial surface of deposition, and commonly several well-defined ter­
race levels descend in steps to the altitude of the youngest outwash 

FIGURE 19.-Stereoscopic pair showing typical mounded prairies on the Vashon drift from a 
point about 1 mile north of Mirna, Wash. Height of individual mounds ranges from 
about 3 to 4 feet. 

channels. lCettle topography is local and n1any of the outwash 
prairies in the northwestern part of the area are mounded (fig. 19). 
A thin veneer of black pebbly silty soil, 1 to 3 feet thick, overlies the 
outwash 1naterial. Newcomb ( 1952) ascribes the forn1ation of the 
mounds to a glacial or periglacial origin, and to the result of com­
bined water and ice-wedging action in permafrost. In most places 
the surface of the outwash deposits is crossed by 1nany small inter­
mittent streams that follow the course of former outwash channels. 
Present drainage systems on the outwash prairies are poorly de­
veloped because the high porosity and permeability of the gravels 
permit internal drainage. 

In general, the outwash gravels are composed of various types of 
igneous and metamorphic rocks foreign to the area. These deposits 
show little evidence of weathering. The outwash material ranges in 
size from fine sand to boulders several feet in diameter; cobbles and 
pebbles are the n1ost common. The deposits are massive to well-



STRATIGRAPHY 77 

bedded, and cross bedding and foreset bedding are found in many 
places. The sand varies from poorly sorted to \Yell-sorted and usu­
ally contains pebbles. The gravel deposits form steep slopes, al­
though little cementation is apparent (fig. 20). 

Deposits of Vashon oubYash graYels that contain large quantities 
of material derived from the Northcraft formation are found in ter­
races around the bases of Blumaer Hill and Crawford Mountain and 
along the north and west margins of the hills south of Mound Prairie. 
These terrace deposits are 50 to 150 feet above the adjacent outwash 

FIGURE 20.-0utwash gravel and sand of the Vashon drift exposed in a pit along the 
railroad, in NW~ sec. 7, T. 16 N., R. 1 E. 

prairies and may represent deposition by streams that flmved along 
the 1nargins of the ice sheet where it rested against the bedrock hills. 
The material deposited by these marginal drainages was derived from 
nearby volcanic highlands and from. outwash of the Vashon glacier. 
Other deposits of outwash composed of a high percentage of locally 
derived material occur in the valley of the Skookumchuck River east 
of Frost Prairie. This material "\Yas transported by the melt waters 
of the ice tongue that occupied the gorge of the Skookumchuck River. 
The outwash gravels that contain locally derived n1aterial, although 
contemporaneous with the Vashon outwash deposits, are more weath­
ered as they contain a higher percentage of volcanic rocks. 
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PLEISTOCENE AND RECENT DEPOSITS 

LANDSLIDE DEBRIS 

Landslides and other forms of mass wasting that have occurred in 
Recent and possibly late Pleistocene time are found throughout the 
Centralia-Chehalis area but are most common in areas underlain by 
fine-grained sedimentary rocks and along the principal strean1 
courses. High seasonal rainfall combined with rapid runoff results 
in accelerated erosion of the generally poorly consolidated Tertiary 
and Quaternary rocks, frequently producing oversteepened and 
undercut slopes. Subsequent failures along these slopes by landsliding 
and soil creep modifies the topography and contributes large volumes of 
debris to the drainage systen1s. Landslides commonly cover the val­
ley areas with debris and mask and distort the true structure of the 
bedrock. The landslide basins vary in shape from elliptical or ar­
cuate to irregular. Recent landslide areas are characterized by hum­
mocky topography, irregular drainage systems and ponds; in many 
places they are bordered on the upslope contact with bedrock by a 
distinct, and nearly continuous, break-away scarp. vVith increasing 
age, such basins tend to develop a concave shape and have a dendritic 
drainage pattern. 

Landslides are particularly common along the axial parts of the 
Lincoln Creek uplift, where siltstone of the Skookumchuck forma­
tion is the predominant rock type. In this area n1ost of the valleys 
are filled with landslide debris and undisturbed rock is found only 
along the ridge tops and along those creeks that have cut below the 
landslide material. 

The most extensive area of landslides is south of Chehalis, along 
the margins of the valley of the Newaukum River and its trib­
utary valleys. In this part of the mapped area semiconsolidated 
siltstone and mudstone of the nonmarine sedimentary rocks are over­
lain by gravel of the Logan Hill formation. Physical conditions 
are particularly favorable for the development of landslides along the 
contact between these formations. Ground water moving along the 
contact saturates the fine-grained clastics, causing them to become 
semifluid. This contact, lubricated by the unctuous material, acts 
as a gliding surface along which the overlying Logan Hill formation 
moves valleyward by sliding. 

Landslide materials, debris from Tertiary and Quaternary rocks, 
range in size from small particles to blocks that are expressed topo­
graphically and cover several acres. Most of the landslide debris 
consists of a matrix of unctuous yellow to brown clay with scattered 
blocks of locally derived rock types. Frequently, the landslide debris 
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is so completely altered by weathering that the parent rock cannot be 
determined. 

Landslides within the mapped area are largely of Recent age; 
however, Vashon outwash deposits apparently overlie landslide debris 
along the Skookumchuck River, about 1 mile west of Bucoda. The 
large volume of melt water from Pleistocene glaciers cut new chan­
nels in the Tertiary rocks and deepened and undercut the preexist­
ing drainage. These steep-sided valleys were later modified by land­
slides during both Pleistocene and Recent times. 

ALLUVIUM 

Alluvial deposits of Recent and Pleistocene ( ? ) ages occur along 
the strean1 courses and on the flood plains of the larger streams and 
rivers of the Centralia-Chehalis area. The deposits are composed 
chiefly of silt and sand, with some gravel, and are unconsolidated to 
partly consolidated. The alluvial deposits mapped in the Centralia­
Chehalis area include several stages of valley filling and contain ma­
terial deposited under changing environmental conditions. Most of 
the alluvium consists of fluvial clastic material deposited along river 
courses and flood plains; however, in some areas, paludal and lacus­
trine deposits are included. In the northern part of the mapped area 
it is often difficult to delineate the contact between Vashon glacial 
outwash and the reworked outwash gravel and sand along the stream 
courses. 

Alluvium along the present course of the Chehalis River includes, 
in addition to flood-plain deposits, several stages of terrace de­
posits. Most of these terraces, however, are 5 to 10 feet above the 
present river level and are so closely related to the present river 
gradient that no attempt has been made to map them separately. 
Similar low-level terraces have been noted in the valleys of the 
Skookumchuck River and the Middle and North Forks of the New­
aukum River, where they have also been mapped with alluvium. 

The composition of the alluvium is not the same for all places as 
it is dependent in part upon the local source rocks from which it was 
derived. The alluvium along the Skookumchuck and Chehalis Rivers 
contains quantities of gravel derived from Vashon drift, whereas the 
gravels along the North and South Forks of the Newaukum River 
consist of basaltic rocks derived from the Northcraft formation. 

In the northern part of the area the larger tributary valleys of the 
Skookumchuck and Chehalis Rivers contain paludal and lacustrine 
deposits consisting of silt, clay, and thin peat beds. These deposits 
which range in age from late Pleistocene to Recent, were laid down 
in shallow lakes and swamps formed during the late Pleistocene. 
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INTRUSIVE ROCKS 

Intrusive igneous rocks are not con1.mon in the Centralia-Chehalis 
area, but dikes and sills have been mapped in several places. The 
intrusive rocks consist of gabbro porphyry and porphyritic basalt 
which intrude sedimentary and volcanic rocks of Eocene and Oligo­
cene age. Feeder dikes and sills within the volcanic flows have not 
been differentiated on the map. The largest and most continuous 
igneous bodies are sills, which have a maximum thickness of about 
500 feet. Intrusive activity was apparently 1nore pronounced in the 
eastern part of the area mapped, as good exposures of igneous rocks 
are found near the top of Miller Hill, in sec. 10, T. 15 N., R. 1 E.; 
at the Columbia quarry, in sec. 11, T. 15 N., R. 1 E.; along the 
canyon of Bear Creek, in the SWJU sec. 25, T. 14 N., R. 1 W.; and 
in cuts along logging roads north of Alpha Prairie, in sec. 11, T. 13 
N.,R.1E. 

Thick intrusive bodies have been penetrated in two deep test holes; 
the Bannse 1, in the NvVJU sec. 22, T. 15 N., R. 2 W.; and the Wulz 1, 
in the NEJU sec. 29, T. 13 N., R. 1 W. (pl. 4). 

PORPHYRITIC BASALT 

Sills and dikes of porphyritic basalt crop out between the North 
and South Forks of the ~ ewaukun1. River, in T. 13 N., Rs. 1 vV., and 
1 E. Intrusive bodies of this rock type are best exposed in the vicin­
ity of Bear Creek and in the hills northeast of Alpha Prairie (sees. 
2 and 11) where they fonn a large sill, generally less than 50 feet 
thick. This sill has intruded, probably at shallow depth, strata of 
the Skookumchuck and Lincoln formations. 

In several places the sill might be mistaken for a flow because of 
the texture of the basalt and the almost conformable relationship 
with sedimentary beds. However, along the canyon of Bear Creek 
exposures of the upper part of the sill show that the sandstone near 
the upper contact has been hydrothermally altered and intruded by 
small apophyses. Farther south, however, in sec. 11, T. 13 N., R . 1 
E., the contact of the basalt 1vith the sedimentary rocks is not ex­
posed and the possibility exists that a part of the basalt in that area 
may be of extrusive origin. 

In hand samples the basalt is dark greenish gray, with a porphy­
ritic and vesicular texture. Many of the vesicles are filled with zeo­
lites and chlorite. Rectangular phenocrysts of plagioclase and 
rounded phenocrysts of augite are visible megascopically. The rock 
usually weathers spheroidally to moderate-reddish-brown masses. In 
places near the upper contact of the sill, the rock is intensely weath­
ered and the ferromagnesian minerals break down to form 1jght­
bluish-gray patches set in a light-gray groundmass of kaolinized 
feldspar. 
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:Microscopic studies show that this rock is holocrystalline, with por­
phyritic, diabasic, vesicular and, less commonly, trachytic textures. 
The feldspar ranges in composition from andesine (An64) to labrado­
rite (An54). Plagioclase phenocrysts and laths in the groundmass 
form 60 to 65 percent of the rock. The phenocrysts of labradorite are 
faintly zoned. Augite, which js present in all the thin sections studied 
as phenocrysts and granules in the groundmass, forms 5 to 20 percent 
of the rock; it is commonly altered to chlorite, biotite, and magne­
tite. Olivine phenocrysts are present in a few of the rock sections, 
fonning as much as 10 percent of the rock; they are commonly al­
tered to chlorite and serpentine. Magnetite is a constituent of the 
groundmass, forming an average of 5 percent of the rock; hypers­
thene and ilmenite are also present. Hydrothermal alteration has 
developed abundant secondary minerals "\vhich form as much as 20 
percent of son1e samples; biotite, chlorite, zeolites, calcite, and hema­
tite are the most common. 

Porphyritic basalt similar to that described above was found at 
2,270 feet in the vVulz test hole 1 of the Selburn-vVashington Oil Co. 
The basalt body in the vVulz drill hole is about 600 feet thick and 
occurs in the upper part of the Skookumchuck formation (pl. 4). 
The basalt in this drill hole is mineralogically similar to the in­
trusive rocks in the vicinity of Alpha Prairie and Bear Creek but 
contains as much as 35 percent glass. 

GABBRO PORPHYRY 

Intrusive bodies of gabbro porphyry are chiefly found in the north­
eastern part of the mapped area. These rocks occur as sills or sill­
like bodies and are more coarsely crystalline than the porphyritic 
basalt. The gabbro porphyry bodies have a maximmn thickness of 
about 500 feet and they intrude rocks of the l\1cintosh, Northcraft, 
and Skookumchuck formations. Gabbro porphyry intrusives can 
best be studied and sampled at the Columbia quarry and along the 
gorge of the Skookumchuck River in the S\V:L4 sec. 11, T. 15 N., H. 
1 E. (fig. 21) . A gabbro porphyry mineralogically similar to that 
exposed in the Columbia quarry was found at a depth of about 4,200 
feet in the Union Oil Co. Bannse test hole 1, in the NvV:L4 sec. 22, T. 15 
N.,H.2W. 

In fresh exposures the gabbro porphyry is n1assively jointed, med­
ium gray, mediun1 grained, and has granular and porphyritic textures. 
Phenocrysts of feldspar and augite are visible without the aid of a lens. 
In several outcrops veinlets of aplite cut the rock. The rock com­
monly weathers to spheroidal masses and the ferromagnesian minerals 
break down to reddish-brown masses set in a groundmass of light­
gray altered feldspar. 

Studies of thin sections indicate that the rock is holocrystalline 
with porphyritic and less comn1only diabasic and trachytic textures 
(fig. 22) . Plagioclase An 5o to An6o (labradorite) occurs as pheno-
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FIGURE 21.- Jointed gabbro porphyry sill exposed in the west end of the Columbia 
quarry, in SW~ sec. 11, T . 15 N., R. 1 E'. View southwest down a part of the 
valley of the Skookumchuck River. 

FIGURE 22.- Gabbro porphyry from Columbia quarry in the SW%, sec. 11, T. 15 N. , 
R. 1 E., showing large fractured phenocrysts of labradorite with inclusions of apatite and 
magnetite slightly altered to kaolinite. The dark subhedral grains are augite·. Clear 
area in lower right corner is balsam. Ordinary light, X 40. 



INTRUSIVE ROCKS 83 

crysts and in the groundmass and forms about 60 percent of the rock. 
Augite occurs as phenocrysts and granules in the groundmass and 
makes up frmn 10 to 25 percent of the rock; it is generally altered to 
chlorite n1inerals and biotite. Other constituents present in minor 
amounts are hypersthene, 1nagnetite, ihnenite, and apatite. Late hy­
drothennal and perhaps deuteric alteration has produced abundant 
secondary minerals; those identified are biotite, chlorite, zeolite, 
sericite, kaolinite, and calcite. 

The rock sections studied frmn the upper part of the sill at the 
Columbia quarry contain an unusually high concentration of feld­
spar, ranging from 60 to 80 percent. This high feldspar content may 
be due to magmatic differentiation in the sill, as the sa1nples were 
taken from the upper 80 feet of the sill, which has a total thickness of 
about 500 feet. 

A spectrographic analysis of the gabbro porphyry at the Columbia 
quarry was made by the State of Washington, Division of Mines and 
Geology. This analysis is given below and is con1pared with a chemi­
cal analysis of granophyric gabbro from the Coast Ranges of Oregon 
at Mount Hebo. 

Spectrographic analysis of gabbro porphyry from the Ool~tmbia quan·y, 
Wa8hington 

[Grant Valentine, analyst, Washington Division of Mines and Geology] 

Percent Pet·cent 
SiO __________________________ 56.6 

Al20a------------------------ 19.7 
Fe20a------------------------ 1.7 
FeO_________________________ 3.9 
~IgO_________________________ 3.7 

CaO ------------------------- 10. 8 
Na2o_________________________ 3. 5 

Ti02------------------------- 1.5 

Total __________________ 101.2 

Chemical analysis of granophyric gabbro front Mount Hebo, Oreg. 

[Unpublished records of U. S. Geological Survey] 

Percent 

Si02 ------------------------- 53.92 
Al20a ------------------------ 14.37 
Fe20a ------------------------ 3.79 
FeO ------------------------ 9.84 
MgO ------------------------ 4.00 
CaO ------------------------ 7.28 
Na20 ------------------------ 3.26 

Percent 

Ti02 ------------------------ 1.60 
K~O ------------------------ 1.28 
MnO ------------------------ 0.19 
P201 ------------------------ 0.36 
H20+ ---------------------- 0.32 
H20 ------------------------ 0.42 

Total ---------------- 100.63 

AGE OF INTRUSIVE ROCKS 

The porphyritic basalt and the gabbro porphyry probably belong 
to the same period of igneous activity. The gabbro porphyry occurs 
only within strata of Eocene age but the porphyritic basalt intrudes 
beds of the lower part of the Lincoln fonnation. As intrusive rocks 
are not known to occur in the 1napped area within strata younger than 
Oligocene age, a late Oligocene age is tentatively assigned to these in-
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trusives. Similar intrusive bodies of gabbro in the Coast Ranges of 
Oregon were discussed and assigned a late Oligocene age by Snavely, 
Baldwin, Roberts, and Isotoff (1950, p. 1503). 

STRUCTURE 

GENERAL FEATURES 

The rock strata of the district are folded and faulted, and their 
angles of inclination are as much as 90°. Paucity of outcrops through­
out the area makes it difficult to delineate structural features with 
accuracy and precludes mapping of key beds to ascertain the structural 
configuration of a selected horizon. Therefore, the axes of folds and 
traces of faults, as shown on the geologic map (pl. 1), are approxi­
lnately located. The coal beds are the only stratigraphic horizon 
markers that can be traced for any distance and the mapping of 
structure in most parts of the area is based chiefly upon the distribution 
of the coal beds. 

Incomplete surface and subsurface structural data precludes a 
detailed review of the structural history of the district, but the 
broader features can be su1nmarized. The part of the structural his­
tory with which this report is concerned began in Eocene time with 
subsidence of a northward-trending geosyncline and the deposition 
of the Mcintosh formation. Upwarping and volcanic activity 
occurred along the margins of the geosyncline during 1niddle and 
early late Eocene time. Local uplifting, adjacent to the area mapped, 
accompanied the extrusion of the flows of the Northcraft formation 
during the early part of the late Eocene. The geosyncline was divided 
into a nmnber of separate basins of deposition during this period. 
There was no major break in sedimentation, however, in the deeper 
part of the basin which occupied most of the mapped area. The 
Skookumchuck and Lincoln formations were deposited in later Eocene 
and Oligocene time and periodic warping of the floor of the basin 
resulted in an interfingering of nearshore and coal-bearing deposits 
with marine beds. J\{ost of the present structural features in the area 
were formed during early Miocene time, a period of marked deforma­
tion and erosion. Slight downwarping, accompanied by the deposi­
tion of the Astoria ( ? ) formation occurred during middle Miocene 
time. Local downfolding, with the deposition of the nonmarine sedi­
mentary rocks occurred during the late Miocene and Pliocene ( ? ) 
time. In late Pliocene time another period of deformation occurred, 
and the beds laid down in Miocene and Pliocene(?) ti1ne were faulted 
and folded at places near the margins of their basins of deposition. 
Slight downwarping 1nay have occurred in Pleistocene time and fault­
ing has continued to the present, as evidenced by recent earthquake 
shocks that probably centered along one or 1nore of the faults in the 
area. 
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FAULTS 

High -angle faults with either normal or reverse movements dis­
locate the rock sequences in this district (pl. 2). The principal faults 
trend northwesterly or westerly and are generally downthrown on 
the southwest or south sides. Most of the larger faults appear to be 
the result of movement in the basement rocks that was brought about 
by regional cmnpression. These faults usually transect the larger 
folds in the district. Most of the smaller faults and several large 
normal faults are related to 1najor folds and presumably are due to 
vertical adjustment of the strata during or following the period of 
folding. The fault pattern shown on the geologic map (pl. 1) is 
generalized, as lack of rock outcrops 1nakes it exceedingly difficult to 
determine the position and continuity of faults. 

The four major high-angle reverse faults 1napped are the westward 
trending Doty fault, and the northwestward-trending Kopiah, 
Newaukum, and Coal Creek faults. Sedi1nentary rocks adjacent to 
these faults dip at high angles and in places the beds are overturned 
to the south or southwest. Coal beds near these faults show evidence 
of slippage along bedding planes, with zones of pulverized coal as 
much as a foot thick. 

Normal faults with net displacements ranging frmn a few inches 
to somewhat more than 1,500 feet offset the strata in the area. The 
principal normal faults 1napped are the Chehalis, Scammon Creek1 

and Salzer Creek faults. High-angle normal faults with small net 
displacements are found in most of the mines (pl. 5). Most of these 
faults have a throw of less than 10 feet, but in some the displacmnents 
are greater. The fault planes of the smaller faults are generally well 
defined and are 1narked by 1 to 2 inehes of gouge; no evidence of 
horizontal1noven1ent was observed. 

DOTY FAULT 

The Doty fault is a westward-trending high-angle reverse fault 
which extends from the west edge of the area in the SW% sec. 23, 
T. 14: N., R. 4 W., to the valley of the Chehalis River where it ap­
parently terminates against the Salzer Creek fault. Adjacent to the 
Doty fault are minor drag folds, and along its downthrown south side 
steeply dipping strata are common. Vertical displacement along 
this fault is between 200 and 4:00 feet, with the greater displacement 
being in the extreme western part of the area. The Doty fault has 
been traeed several miles west of the 1napped area and the strati­
graphic displacement appears to increase toward the west, as beds of 
Miocene age are in contact with Eocene strata. 



86 COAL RESOURCEIS, OENT'RALJA-CHEHAJ:J:US DiiSTRICT, WASIDNGTO!N 

SALZER CREEK FAULT 

The high-angle normal Salzer Creek fault trends westward 
from Deep Creek in the SE'i-4 sec. 13, T. 14 N., R. 4 W., almost to 
South Hanaford Creek in theSE% sec. 20, T. 14 N., R. 1 1V., a dis­
tance of about 14 miles. The fault is downthrown on the north side 
and the stratigraphic displacement is smnewhat more than 1,500 feet 
west of the Chehalis River valley. Displacement along the fault 
decreases east of the Chehalis River valley, but the fault is made evi­
dent by the offset of the contact between the Lincoln and Skookum­
chuck formations along the north flank of the Chehalis anticline and 
on the north side of a small fold in the valley of Salzer Creek in 
sees. 22 and 23, T. 14 N., R. 2 W. 

The location of the fault west of the Chehalis River valley is based 
principally upon zones of steep or anomalous dips and upon the dis­
tribution of coal beds. An excessively thick section of Skookumchuck 
strata and a repetition of coal beds occurs along the south side of the 
Lincoln Creek uplift; this duplication of strata is believed to be due 
to faulting along the Salzer Creek fault. The Salzer Creek fault 
and the Doty fault form a narrow upthrown block along the south 
side of the Lincoln Creek uplift. The strata in this block are tilted 
to the south and cut by transverse faults which have broken across the 
south flank of the Lincoln Creek uplift. Both the Doty and Salzer 
Creek faults appear to offset the transverse faults. 

SCAMMON CREEK FAULT 

The Sca1nmon Creek fault iE a northwestward-trending normal fault 
that can be traced with reasonable certainty from the west edge of 
the mapped area, just south of the town of Independence, southeast­
ward for a distance of about 10 1niles, where it is hidden underneath 
the alluvium of the Chehalis River. The fault roughly parallels the 
northeast flank of the Lincoln Creek uplift. The north side of the 
Scammon Creek fault has been downthrown, and strata on this side 
dip steeply away from and are generally parallel to the fault trace. 
Southeast of Teague Creek the Scammon Creek fault cuts beds of the 
Skookumchuck formation; however, northwest of this creek these beds 
are in fault contact with the upper part of the Lincoln formation. The 
omission of strata along this fault indicates the stratigraphic displace­
ment may be somewhat more than 1,000 feet in the area north of Lin­
coln Creek, but displacement seems to decrease south of Lincoln Creek. 
A northeastward-trending transverse fault, downthrown on the north­
west side, offsets the Scam1non Creek fault along Teague Creek. 

C~EHALIS FAULT 

The Chehalis fault trends westerly from a point near the head of 
Coal Creek in the NW'l-4 sec. 35, T. 14 N., R. 2 W. to the valley of the 
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Chehalis River. This normal fault cuts across the southward-plung­
ing Chehalis anticline and, in the vicinity of Coal Creek, beds of the 
Skookumchuck formation are upthrmvn on the south side against 
strata of the Lincoln formation. The fault has a stratigraphic dis­
placenlent of somewhat rnore than 800 feet in the vicinity of Coal 
Creek. This fault is hidden beneath the Logan Hill formation east 
of Coal Creek and is concealed by terrace deposits and alluviurn in 
the Chehalis River valley. Movement along the Chehalis fault ap­
parently occurred prior to Miocene tirne as strata of Miocene age, 
which crop out west of the Chehalis River, are undisturbed along 
the projected strike of the fault. 

KOPIAH FAULT 

The Kopiah fault, the principal northwestward -trending reverse ( ~) 
fault, extends for about 21 miles diagonally across the mapped area. 
Generally, it can be fairly accurately delineated because it dislocates 
the coal-bearing rocks. The dip of the strata increases rapidly near 
the fault, and overturned beds are found along the downthrown 
southwest side of the fault. In the southeastern part of the area the 
trace of the fault lies near the axis of a former asymmetric anticline~ 
however, in sec. 6, T. 14 N., R. 1 W., the fault changes strike abruptly 
leaving the fold axis and trends in a westerly direction for about 3 
miles. In the vicinity of Centralia it again trends northwesterly and 
maintains this strike for a distance of about 8% miles. Just east of 
the confluence of Hanaford Creek and the Skookumchuck River, the 
l(opiah fault splits and forrns a narrow tilted block that extends 
nortlnvesterly as far as sec. 19, T. 15 N., R. 2 W. Location of the 
fault trace across the drift-covered prairie northeast of sec. 19 can 
only be inferred; however, absence of coal-bearing strata in the 
Skookumchuck formation in Geological Survey test hole Oh-2, near 
Grand Mound, suggests that this test hole is on the upthrown side 
of the fault and below the upper coal group. Along the l{opiah 
fault, juxtapositions of coal beds from different stratigraphic posi­
tions indicate that the throw of this fault is about 400 to 500 feet. 
Northeast of Centralia, where the fault splits, the stratigraphic 
displacement is approximately 200 to 250 feet on each fault. 

NEWAUKUM FAULT 

The N ewaukmn fault trends essentially parallel to the l{opiah 
fault and is also clmvnthrown on the southwest side. Along most of 
its trace, the fault is the contact between the Northcraft and the 
Skookmnchuck forrnations, except south of Lucas Creek where it 
forrns contact between the Northcraft and Lincoln forrnations. The 
Newaukurn fault parallels the southwest flank of Meridian Hill anti­
cline, but the fault is not recognized north of Elk Creek. The total 
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displacement is thought to be small near Meridian Hill but to in­
crease toward the south. This fault is offset by a westward-trending 
cross fault in the NE:l4 sec. 30, T. 14 N., R. 1 E., and by two north­
eastward-trending cross faults south of the North Fork of the Newau­
kum River. The fault extends southward almost to Alpha Prairie 
where it is covered by the Logan Hill formation. 

COAL CREEK FAULT 

The Coal Creek fault, a high -angle reverse ( n fault, parallels the 
southwest side of the Coal Creek anticline and is the contact between 
the Northcraft and the Skookmnchuck forn1ations south of Snyder 
Creek. North of Snyder Creek the fault trace is covered by gravel 
of the Logan Hill formation and by Vashon drift. However, the 
fault is n1acle apparent by the juxtaposition of the older coal beds on 
the northeast side, with younger beds on the soutlnYest side. The 
total displacement along the fault is approximately 400 feet. South 
of Hanaford Creek, in the volcanic rocks of the Northcraft forma­
tion, it is difficult to map the fault, but it is believed to extend to the 
southeast edge of the mapped area, where it dislocates a small anti­
cline just south of the North Fork of the Newaukum River. 

FOLDS 

The Tertiary strata in the Centralia-Chehalis district have been 
folded into anticlines and synclines which com1nonly have a north­
westward trend; the beds along these flexures range in attitude from 
flat-lying to vertical (pl. 2). Strata in the 1vestern half of the area 
are folded into broad open structures whereas strata in the eastern 
half are generally more closely folded. J\iiany of the folds are prob­
ably related to faults in the base1nent rocks, and a few of the minor 
folds result from drag along faults. Small flexures are probably 
common throughout the area; however, the rock exposures within 
the district are far too few to determine their extent. 

Folding has two important economic effects on the area: it greatly 
increases the area of outcrop of the coal-bearing rocks, and it forms 
structures that 1nay be favorable for the accmnulation of oil and gas. 

LINCOLN CREEK UPLIFT 

The principal structural feature in the area is the Lincoln Creek 
uplift which is a broad, complex flexure that is further complicated by 
faulting. This uplift extends from the west edge of the area in a 
general southeast direction to the Chehalis River, where it plunges 
underneath the alluvium. The Salzer Creek and Doty faults roughly 
parallel the south side of the uplift, and the Scammon Creek fault 
roughly parallels the north li1nb. Two transverse faults have broken 
across the south side of the uplift; the larger one offsets the contact 
between the Lincoln and Skookmnchuck formations more than 1,000 
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feet horizontally. The dip of the strata along the faulted limbs of 
the uplift ranges fron1 20° to 70°. The crest of the Lincoln Creek 
uplift has minor folds superimposed upon it, but the exact form of 
these subordinate folds cannot be determined as the rock exposures 
are too few. Exposures, however, seen1 to show the presence of two 
small anticlines along the northeast side of the uplift. The trace of 
the axis of one s1nall flexure extends frmn a point near the head of 
Scammon Creek in the SW:!;.! sec. 10, T. 14 N., R. 3 W., northwest­
ward for about llh miles; it then curves southwestward and ap­
parently dies out near the head of Byron Creek in the SE%, sec. 6, 
T. 14 N., R. 3 \V. The other fold, which is somewhat 1nore clearly 
defined, extends from a transverse fault in the SWl)t sec. 14, T. 14 N., 
R. 3 vV., eastward for about 1:1;.! miles where it curves abruptly and 
is believed to parallel the southeast strike of the Scammon Creek fault 
underneath the alluvium of the Chehalis River. The north flank of 
this fold is poorly defined, but study of exposures seems to reveal 
structural irregularities resulting from 1novmnent along Scammon 
Creek fault. 

Rocks of the Skooktunchuck forn1ation form the axial parts of the 
uplift and strata of the Lincoln formation crop out along both 
iianks. The Skookumchuck forn1ation along the south side of the 
uplift has an increased thickness due to duplication of strata by the 
Salzer Creek fault. As the uplift has a general plunge to the south­
east, beds of the Mcintosh fonnation probably are present at shallow 
depths below the surface in the western part of the mapped area. The 
ttructural relief along the flexure varies frmn place to place but 
averages somewhat more than 3,000 feet. 

CENTRALIA SYNCLINE 

The Centralia syncline is a broad, shallow downwarp that extends 
southeasterly from the west edge of the mapped area to the Salzer 
Creek fault in sec. 19, T. 14 N., R. 1 W., a distance of about 16 miles. 
The abrupt steepening of dip along the flanks of this syncline results 
frmn movement along the Scanunon Creek and l{opiah faults which 
roughly parallel the southwest and northeast li1nbs, respectively (pl. 
1 and pl. 2, section A -A') . North of Lineoln Creek the syncline is 
cmnplicated by a small synclinal drag fold and is cut by a cross fault 
in the vicinity of Teague Creek. East of the Chehalis River the axis 
splits and a subsidiary axis branches off to the south. In Salzer 
Creek, the upper part of the Skookumchuck formation is exposed 
along the axial parts of a small asymmetric antic~ine, which is located 
between the two branches of the Centralia syncline. This canoe­
shaped fold plunges both to the southeast and northwest, is compli­
cated by the Salzer Creek fault on its north limb, and has several 
minor folds superimposed upon it. 
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NAPAVINE AND CHEHALIS RIVER SYNCLINES 

The Napavine and Chehalis River synclines are the principal down­
warps in the southern part of the described area, and at one time 
they may have been a continuous structural element. The axis of the 
Napavine syncline trends northwesterly frmn the south border of the 
1napped area, in sec. 32, T. 13 N., R. 1 W., along the valley of the 
N ewaukum River to a point about 1 1nile south of Chehalis; the 
Chehalis River syncline extends along the north side of the valley of 
the Chehalis River frmn the vicinity of Littell westward to the border 
of the area in sec. 2, T. 13 N., R. 4 vV. 

The Chehalis River syncline borders the Lincoln Creek uplift south 
of the Doty fault. The fold plunges gently to the west and is asym­
Inetric, presumably as a result of steepening of the north limb by 
movement on the Doty fault. The axial parts of this syncline con­
tain rocks of Miocene age, but they are concealed in most places by 
deposits of Quaternary age. The thickest section of strata of Miocene 
and Pliocene ( ? ) age are present in the gentle downwarp of the Napa­
vine syncline. It is difficult to obtain structural data along this 
flexure as it is 1nantled by Quaternary deposits, but exposures indicate 
that the fold has a low plunge to the southeast and that the north­
east limb, which borders the Chehalis anticline, is probably steeper 
than the southwest limb. 

CHEHALIS ANTICLINE 

The Chehalis anticline is a narrow southeastward-plunging fold that 
extends from the Salzer Creek fault in sec. 19, T. 14 N., R. 2 W., 
southeastward to a point about 1 mile south of Coal Creek in the 
SvV:IA sec. 34, T. 14 N., R. 2 vV., where it is concealed by the Logan 
Hill formation. The axis trends about S. 60° E. between the Salzer 
Creek fault and Coal Creek, but south of Coal Creek it trends about 
S. 35° E. The axial part of the fold consists of the coal-bearing 
Skookmnchuek formation, and the Lincoln formation is along the 
flanks. Good exposures along the flanks of the fold can be observed 
in road cuts within the city limits of Chehalis and also immediately 
north of the city. The dip of the strata along the flanks ranges from 
26° to 70°, the steeper dips being along the northeast limb. The 
Chehalis fault cuts across the nose of the anticline, bringing the coal­
bearing rocks to the surface south of Coal Creek. A small normal 
fault along the northeast flank of the flexure repeats the Tono No. 1 
bed in the NE%, sec. 28, T. 14 N., R. 2 W. The Chahalis anticline is a 
southeasterly extension of the Lincoln Creek uplift. The strata in the 
Chehalis anticline, however, are 1nore intensely folded because the 
flexure is located between the Salzer Creek fault and Chehalis fault. 
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TENINO ANTICLINE 

The Tenino anticline is the only southwestward-trending fold in 
the area, and extends from the north border of the area, about 11;2 
miles north of Tenino, to a point about 4 miles north of Centralia, 
where it terminates against the l(opiah fault. The fold may be 
offset by the Coal Creek fault in the vicinity of Frost Prairie but 
the relationships there are covered by Pleistocene deposits. Sedimen­
tary and volcanic rocks of the Mcintosh and Northcraft formations 
crop out along the axial parts of this structure in the vicinity of 
Tenino, but south of Frost Prairie these beds plunge southwesterly 
beneath strata of the Skookumchuck formation. The Tenino anticline 
is a broad flexure with minor folds superimposed upon its flanks. 
The exact for1n of this flexure cannot be determined but exposures 
indicate that the southeast lhnb has a low dip toward the Tono basin, 
and the northwest li1nb dips n1ore steeply toward a syncline that may 
underlie the outwash gravels on Mount Prairie. 

BLUMAER HILL SYNCLINE 

The Bhunaer Hill syncline is a shallow southward-plunging fold 
that trends in a northerly direction along the west side of Blumaer 
Hill. North of Blumaer Hill the limbs of the fold dip steeply, but 
south of this area the syncline widens and dips average less than 10°. 
The southern part of the fold is covered by glacial outwash, but it 
probably is offset by the Coal Creek fault, and plunges into the Tono 
basin. 

CRAWFORD MOUNTAIN AN'J '!CLINE 

The Crawford Mountain anticline is a broad south- to southeast­
ward-trending fold that extends from the northern edge of the mapped 
area almost to the Skookumchuck River in sec. 7, T .. 15 N., R. 1 E. 
The fold axis plunges to the southeast and is largely obscured by 
glacial drift north of Scatter Creek. The core of the Crawford Moun­
tain anticline consists of rocks of the Mcintosh formation; the high­
land areas along the flanks of the anticline consist of volcanic rocks 
of the Northcraft fonnation. The anticline is cut by a high-angle 
normal fault that extends from Northcraft Mountain, northeastward 
to Crawford Mountain. 

MENDOTA SYNCLINE 

The Mendota syncline extends generally northwestward for a dis­
tance of about 12 miles from a point north of Alpha Prairie to Hana­
ford Creek. North of ~fendota the axis has a more northerly trend. 
In the area between Hanaford Creek and the North Fork of the 
N ewaukum River the trough of the fold is essentially horizontal; 

442728-58-7 
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however, the syncline plunges to the southeast away from the Tono 
basin, and to the northwest away from an eastward-trending cross 
fault just south of the North Fork of the Newaukum River. South of 
this fault, which displaces the beds about 400 feet stratigraphically, 
the axis plunges to the southeast. A cross fault also offsets the axis 
near the head of Lucas Creek, and the fold terminates against a north­
eastward trending cross fault in sec.11, T. 13 N., R. 1 E. North of the 
North Fork of theN ewaukmn River the limbs of the Mendota syncline 
appear to be rather uniform with clips ranging to as much as 87°. 
Rock exposures are rarely found along the southwest limb of the 
fold as the bedrock is covered ·with Quaternary deposits. North of 
the North Fork of the N e\vauknm River the syncline consists of rocks 
of the Skookumchuck formation, but south of the river, beds of the 
Lincoln formation occupy the axial parts of the fold. 

TONO BASIN 

The Tono basin is a broad, shallow downwarp with beds that dip 
generally less than 10°, except along the eastern side, where it abuts 
against the Coal Creek fault. The margins of the basin are compli­
cated by 1ninor folds that plunge basinwarcl. Many high-angle 
normal faults have influenced the configuration of the Tono basin, 
but faulting alone is not responsible for the formation of the structure 
(pl. 5). The central part of the basin lies chiefly in sec. 21, T. 15 N ., 
R. 1 vV., and detailed subsurface information is available for this part 
of the basin because the To no No. 1 coal bed has been mined and test 
drilled extensively in this area. 

MERIDIAN HILL AND COAL CREEK ANTICLINES 

The narrow Meridian Hill and Coal Creek anticlines plunge to 
the northwest and are strongly asymmetric ·with high-angle reverse 
faults roughly paralleling their southwest limbs. The southwest 
limbs are steep, with dips as high as 80°, whereas the dips along the 
northeast limbs range from 13° to 41°. The Meridian Hill anti­
cline plunges into the Tono basin before reaching the valley of 
I-Ianaford Creek. North of Snyder Creek the Coal Creek fault lies 
along the former axis of the Coal Creek anticline. Volcanic roeks of 
the Northcraft formation crop out along the axial parts of the Coal 
Creek and Meridian Hill anticlines south of Coal Creek and Elk 
Creek respectively. The general traces of the axes of these folds are 
shown in the voleanic roeks, but the axes can only be mapped for a 
short distance south of Mitehell Creek as very little structural data 
is obtainable in these rocks. 

HANAFORD CREEK SYNCLINE 

The Hanaford Creek syncline, a northwestward-trending fold, 
roughly parallels the west side of Hanaford Creek from a point near 
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the junction of Snyder and Hanaford Creeks southward to the Coal 
Creek fault where the fold terminates. A small cross fold divides 
the syncline into two elliptical basins. The north end of the fold 
plunges to the southeast, away from the Tono basin. 

SNYDER CREEK AND THOMPSON CREEK SYNCLINES 

The Snyder Creek and Thompson Creek synclines are in the 
Skookumchuck formation and are shallow, narrow northwestward­
trending canoe-shaped folds, separated by several small plunging 
anticlinal folds. The northern continuation of these synclines is not 
known with certainty because this area is covered with glacial out­
wash and alluvium; however, they probably do not extend north of 
the Skookumchuck River. South of Hanaford Creek the folds 
plunge northeastward, off the highland areas of volcanic rocks in 
the Northcraft formation. The dips are 1noderately steep along the 
flanks of the folds. The east limb of the Thompson Creek syncline, 
which terminates against a high-angle normal fault, has dips that 
range from 30° to 62°. 

ECONOMIC GEOLOGY 

OIL AND GAS 

The presence of a thick sequence of marine sedimentary rocks in 
the Centralia-Chehalis area motivated the search for oil and gas as 
early as 1901. Since that date there has been intermittent explora­
tion, and prior to July 1952, 14 test holes have been drilled within 
the area. The correlations of the rock units in these test holes are 
shown on plate 4, but as a result of this drilling only s1nall shows of 
oil and gas have been reported. Ten of the test holes were located 
with very little or no geologic data and were either poorly located 
structurally or were not drilled to sufficient depth to be considered 
satisfactory tests. The locations of two test holes, Union Oil Co. 
Bannse test hole 1 and Selburn-Washington Oil Corp. Wulz test hole 
1, were based on geophysical prospecting. 

In some of the test holes thick sections of fine-grained marine sedi­
mentary rock with interbedded sandstone beds suitable for reservoir 
rock were penetrated. However, structural closure cannot be es­
tablished at the surface with certainty in most of the areas where 
tests have been drilled. Paucity of outcrops and the presence of 
many structural irregularities make it difficult to accurately de­
lineate the structure of the strata. 

The Mcintosh fonnation, which includes a thick sequence of fine­
grained sedimentary rocks, possibly could be a source bed of petro­
leum, and sandstone that appears to have sufficient porosity to be po­
tential reservoir rock is com1nonly interbedded with the fine-grained 
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sedimentary rocks. If there are structural traps, the Mcintosh for­
mation may be the most favorable formation in the area in which 
to test for the accumulation of oil and gas. Rocks of the Mcintosh 
formation are reported to have been penetrated in seven of the tests 
drilled in the area. Shows of gas were reported in all these test 
holes and a show of oil was reported from Chehalis test hole 1, 
drilled on the Lincoln Creek uplift in sec. 17, T. 14 N., R. 3 W. 

The sandstone beds in the Skookumchuck formation have porosi­
ties as high as 35 percent and permeabilities to as much as 3,500 
millidarcies; therefore, these beds are suitable reservoir rocks for 
petroleum. The zones of finer grained marine sedimentary rocks in 
this formation are mostly thin and are commonly interbedded with 
rocks of brackish-water or nonmarine origin; thus they probably 
should not be considered as potential source beds of petroleum. 
Small shows of gas and oil have been reported from drill holes in the 
rocks of the Skookumchuck formation. Most of this gas was prob­
ably methane which may have been derived from the coal beds. 
Small quantities of gas were obtained from coal-bearing rocks equiv­
alent in age to the Skookumchuck formation, penetrated in a test 
hole drilled for the Geological Survey near Toledo, Wash., in sec. 
24, T. 11 N., R. 2 W. The Bureau of Mines gave the following 
analysis for this gas : 

Percent Percent 
~ethane _______________________ 80.0 Ifydrogen______________________ 0.0 
Nitrogen _______________________ 18.8 Carbon monoxide______________ 0.0 
Oxygen________________________ l. 0 Ethane________________________ 0. 0 
Carbon dioxide________________ 0.2 
Unsaturated hydrocarbons______ 0.0 100.0 

The Lincoln formation is a thick sequence of fine-grained sedi­
mentary rocks, but these rocks consist of rapidly and periodically 
deposited tuffaceous material. This type of sedimentation probably 
does not favor a high concentration of organic material. The forma­
tion, therefore, should not be considered as a source bed of oil or gas. 
The tuffaceous material also reduces the porosity of the rocks in this 
formation, probably making them too impermeable for reservoir 
rocks unless fractured. The Lincoln formation would, however, 
1nake an effective barrier to migrating oil or gas. 

The formations of Miocene age within the mapped areas are chiefly 
of nonmarine origin and have little possibility as a source of pe­
troleum. The sandstone beds in these formations appear to have 
sufficient porosity to be suitable reservoir rocks; however, closed anti­
clinial folds are not known in the formations. 

Stratigraphic and structural-stratigraphic traps suitable for the 
accumulation of oil and gas probably exist within the area. The 
facies changes in the Lincoln and Skookumchuck formations from 
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near-shore arenaceous deposits in the eastern part of the area to fine­
grained clastic sedimentary rocks in the western part could form 
stratigraphic traps under proper structual conditions. Stratigraphic 
traps may be present in the Skookumchuck formation down dip from 
places where the relatively impervious Lincoln formation rests upon 
the Mcintosh formation. This stratigraphic relationship is not pres­
ent at the surface within the mapped area, but just northwest of 
Oakville the Lincoln formation rests upon middle Eocene volcanic 
rocks. The possibility exists that the Lincoln formation may rest 
upon beds of the Mcintosh formation beneath the drift cover in the 
area between the towns of Gate and Rochester in the northwestern 
part of the mapped area. 

Surface geology indicates that the Lincoln Creek uplift may be 
favorable for further test drilling and might possibly contain some 
trapped oil in the Mcintosh formation. The surface geology in that 
area is poorly exposed and landslides are common ; therefore, surface 
structure, interpreted from these exposures, may not reflect correctly 
the subsurface structure. Deep drilling for oil and gas in the Lincoln 
Creek uplift should be preceded by shallow test drilling or geo­
physical prospecting to outline secondary folds within the larger 
structure. 

Reservoir beds suitable for the accumulation of oil and gas may be 
uptilted along the principal faults in the area. However, additional 
data regarding the amount of displacement and the nature of the 
fault zones is needed to properly evaluate the entrapment potentiali­
ties of the fault zones. Despite the faulted nature of most of the 
area mapped, oil seeps are not known to the writers. 

GROUND WATER 

Potable water is generally found 20 to 40 feet below the surface 
in the unconsolidated sediments along the valleys of the larger 
streams and beneath the outwash prairies in the northern part of the 
mapped area. Fresh water is scarce in the upland areas adjacent 
to the valley floors and in the Tertiary bedrock. Connate water in 
the Eocene rocks is generally saline or distasteful, owing to dissolved 
material acquired from the enclosing rocks or from the coal beds. 
Most of the slope mines in the district require daily pumping to pre­
vent flooding. Abandoned mine workings commonly are filled to 
overflowing with downward-migrating water from the land surface, 
even though they are located as much as 100 feet above the general 
level of the water table of the adjacent valleys. 

Along the flanks of a few of the open folds in the eastern part 
of the Centralia-Chehalis district, saline water has been flushed out 
of son1e of the sandstone beds in the Skookumchuck formation and 
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water of good quality is produeed frmn the wells there. Geological 
Survey test holes J and f{, drilled on the flanks of the ICopiah fold, 
produced small quantities of fresh flowing artesian water near the 
surface, but at depth the water was saline. Rocks of the Lincoln 
forn1ation yield little water, as the porosity and permeability of this 
tuffaceous and basaltic sandstone are very low owing to the abun­
dance of volcanic glass and its alteration products. Rock strata of 
Miocene age in the south-central part of the area, along the Napavine 
syncline, yield water in substantial quantities, some of which is flow­
ing artesian. Schlax (1947, p. 14--16) described the occurrence of 
artesian water north of Littell in the Astoria ( ? ) sandstone. In that 
area the southward-dipping Cohunbia River(?) basalt confines water 
in underlying sandstone beds, fonning an artesian condition. Several 
miles southwest of Chehalis, in the valley of the Newaukmn River, 
wells have produced artesian water from nonmarine sedimentary 
rocks of Miocene and Pliocene ( ? ) age. Confined water in this se­
quence of rocks is found in sand and gravel interbedded with silt 
and clay. In the area underlain by the Logan Hill formation small 
quantities of water are yielded from fresh gravel at the base of the 
formation. Generally, this water is that which is moving along the 
top of tight Tertiary bedrock. There is a possibility of obtaining 
water in quantity frmn the Logan Hill formation in areas where 
gravel deposits fill preexisting channels that extend below the level of 
the present water table. A deep channel filled with gravel and sand of 
the Logan Hill formation was mapped east of Centralia, extending 
frmn its exposure in the railroad cuts 1 n1ile north of the town, south­
eastward across Seminary Hill. A well in this channel on Seminary 
Hill produced 12 gallons of water per minute fron1 a depth of 154 
feet. However, the Lincoln formation was penetrated in a water well 
in this san1e area, adjacent to the channel, at a depth of about 40 
feet and yielded only a negligible quantity of water. Other channels 
filled with material of the Logan Hill formation probably exist and 
may be important sources of fresh water. Upper Pleistocene out­
wash deposits in the northern part of the 1napped area are un­
doubtedly the largest reservoirs of fresh water. The water table in 
these outwash gravel deposits slopes toward larger streams and 
ground water drains into these streams. The gravel yields water 
readily, and Schlax reports that son1e wells in this area have a specific 
capacity of nearly 50 gallons per minute per foot of drawdown. 

SAND AND GRAVEL 

Sand and gravel production has been largely confined to Vashon 
outwash deposits north and northeast of Centralia. Vashon material 
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is 1nost suitable for road surfacing and aggregate use because it is 
composed of predominantly fresh and resistant rock types with only 
a negligible percentage of rotten material. Gravel in the Logan Hill 
formation and in the terrace deposits along the N ewaukum River 
has been quarried on a small scale, but is not well-suited for con­
struction material because of the high percentage of weathered vol­
canic rock types. Locally, Recent river gravel deposits along the 
Chehalis and Newaukum Rivers have been quarried for private use, 
but, the extent of these deposits is small. In January 1952, the only 
large operating gravel pits in the Centralia-Chehalis area were located 
in outwash deposits of the Vashon drift. 

CRUSHED ROCK 

Igneous rock, both intrusive and extrusive in origin, is quarried in 
the Centralia-Chehalis area to supply crushed and broken stone for 
road surfaces and jetty rock. Quarries have been sporadically 
operated in the volcanic member of the ~1cintosh forn1ation north of 
Gate and in the flows of the Northcraft formation in the extreme 
eastern part of the mapped area. Crushed stone from these two 
volcanic units has been utilized locally by highway departments of 
Lewis and Thurston Counties and by local timber companies as sur­
face material for secondary roads and truck roads. 

The Columbia quarry, located in the SvV% sec. 11, T. 15 N., R. 1 E., 
was formerly an important source of jetty rock. The quarry was 
operated on a 1nassively jointed gabbro sill approximately 500 feet 
thick. It is reported that 20 million tons of jetty rock was mined at 
this quarry. 

Quarries in the Columbia River(~) basalt are located along the 
Chehalis River in T. 14 N., Rs. 3 and 4 W. In 1952, the quarry at 
Bunker was being worked continuously and there are several other 
large quarries nearby which are worked intermittently. Quarrying 
operations in the Columbia River ( ~) basalt are limited by the 40- to 
50-foot thickness of the flows, and in most quarries the top of the 
underlying Astoria ( ~) formation has been penetrated. Many small 
private quarries have been operated on the Columbia River( n basalt 
throughout the outcrop belt of this unit. 

CLAY PRODUCTS 

The Chehalis Brick and Tile Co., located near the city limits of 
northern Chehalis, manufactures various types of building brick, 
drain tile, and hollow block. The chief raw material used by this 
company is landslide debris derived from the Skookumchuck forma­
tion. This material is n1ined at their plant in sec. 29, T. 14 N., R. 2 W. 
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The bricks produced are various shades o£ brown or red. However, a 
light-gray brick is made £rom weathered £eldspathic sandstone o£ 
the Skookumchuck £ormation to which a fire clay is added for binder. 
This company produced about 4,000 bricks per day in 1951. 

Glover (1941) lists analyses o£ various clay samples £rom the 
Centralia-Chehalis area; some appear suitable £or commercial use. 
Most o£ the clays listed by Glover as being suitable £or structural 
ware are £rom the intensely weathered upper part o£ the Logan Hill 
formation. 

COAL RESOURCES 

PHYSICAL AND CHEMICAL PROPERTIES 

The coal in the Centralia-Chehalis district ranges in rank from 
lignite to subbituminous B according to the classification established 
by the American Society £or Testing Materials ( 1951). Most o£ the 
coal is o£ subbituminous C rank. Individual beds range £rom a few 
inches to more than 40 feet thick, but the average thickness of most 
beds is between 6 and 8 feet. When freshly exposed the coal is black 
to reddish brown, with a bright to dull luster; the streak is either 
black or reddish brmvn. Banded coal, consisting of bright and dull 
eoal and bony coal, is present in some beds. A rectangular, blocky, 
or subconchoidal fraeture and original 'voody texture are common. 
Coalified and silicified logs and stumps occur in n1any beds, some in 
an upright position, indieating that a part of the organic material 
from which the coal was formed accumulated in place. Partings of 
bone, tuffaeeous siltstone, carbonaceous shale, and tuft:' are interbedded 
with the coal beds. When exposed to the air, the coal slacks readily 
because of its high moisture content, which ranges from 14 to 35 per­
cent. The ash content is also high, ranging £rmn 4.6 to 24.9 percent 
and averaging about 10 percent. The high ash content o£ many of 
the eoal beds in this raea is the result of volcanic. ash falls during the 
time of accumulation of the plant material from which the coal is 
£onned. In some of the coal beds fine dissmninated grains o£ pyrite 
contribute to the sulfur content, which ranges from 0.3 to 4.5 percent. 
Tuff fragments, grains of quartz, amber, and gypsmn are also present 
in the coal. 

Studies o£ thin seetions of coal £rom the prineipal coal beds were 
made by J. M. Schopf at the U. S. Geological Survey coal geology 
laboratory. His determinations o£ the composition o£ the coal, to­
gether with photomicrographs are included in this report (p. 143). 

The composition o£ the coal and some data relative to the strati­
graphic position and geographic location of the samples are given in 
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the following table. The proximate chemical analyses listed in this 
table give the composition of the coal as it was received in the labora­
tory, which form most closely approximates the composition of the 
coal in the ground. A comparison of the average proximate analysis 
of coal from the Centralia-Chehalis district with analyses from other 
coal fields in western Washington is shown in figure 23. 

Centralia-
Toledo coal Chehalis district Morton coal Wilkeson Black Diamond 

field, Lewis and field, mine, mine, 
Lewis Co. Thurston Cos. Lewis Co. Pierce Co. King Co. 

Roslyn mine, 
Kitlllos Co. 
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FIGURE 23.-Average proximate analysis of coal "as received" from major coal beds in 
selected coal fields of western Washington. 

HISTORY OF MINING AND PRODUCTION 

The occurrence of coal in the Centralia-Chehalis district has been 
known since the days of earliest settlement; the first mines with a rec­
ord of production were operating in the late 1870's. Prior to 1905, 
annual production was not more than 25,000 tons, as most domestic 
heating was accomplished through the use of wood. Beginning about 
1905, and continuing into the early 1920's, coal production expanded 
greatly, owing to the increased consumption of coal for domestic heat­
ing and for railroad operations, and for a number of years more than 
300,000 tons was produced annually. Production began to decline 
about 1930 because oil began to replace coal as fuel for steam locomo­
tives and imports of coal from Utah and vVyoming were increased 
with the result that only about 100,000 tons of coal was produced an­
nually during the 1930's and not more than 150,000 tons annually dur­
ing the Second World War. Production in 1951 totaled about 60,000 
tons, most supplying domestic fuel for local markets. 

A graph showing coal production from the Centralia-Chehalis dis­
trict and from the entire State for the periocl1860 to 1951 is given in 



Pt·oa;irnate analyses of coal, as received, Oentralia-Ohehalis d·istrict, Wasldngton 

[Sample~ collected by U. S. Geological Survey and analyzed by U. S. Bureau of Mines, except as otherwise indicated in footnotes. Asterisk(*) before map reference number 
indicates measured coal section. "Average thickness of clean coal" is based upon best information available in 1952 and is not necessarily the same thickness as in samples 
used for analyses} 

Average 
thickness 

Name of coal Name of mine, drill Map refer- Sample Date of clean coal Mois- Vola- Fixed Location of sample in mine 
bed hole, or location of ence No. sam- ture tile carbon Ash Sulfur B. t. u. or drill hole 

outcrop pled matter 
Feet Inches 

---------- ----------------- ----------------
Golden Glow ___ Leonard (Chehalis) 25 ___________ I 9944 1910 5 7 29.1 34.7 28.5 7. 67 1. 77 7, 940 Stump pillar, 250ft from en-

mine. trance. 
Do _________ Golden Glow No.1 20 ___________ 5 B-93899 1943 4 6 31.4 33.3 29.7 5.6 .7 7, 970 Tipple sample, 3 tons. 

mine. 
Do _________ U.S. G. S. drill hole F_ GS-V _______ 5 D-55878 1950 5 1 26.4 36.3 27.7 9. 6 1.8 8, 250 Depth, 561 to 566ft. 

D&F __________ D & F mine ___________ 14 ___________ 5 B-93558 1943 4 6 15.3 34.6 33.7 16.4 4.3 9,000 Tipple sample, 10 tons. 
Do _________ _____ do _________________ 14 ___________ 5 B-93561 1943 4 6 21.0 32.0 30.1 16.8 3.1 8,110 Do. 
Do _________ _____ do _________________ 14 ___________ 5 C-1243 1943 4 6 14.0 35.1 32.3 18.6 4. 5 8, 990 Do. 

Tono No. L ____ Salzer Valley King 45 ___________ 2 A-55443 1929 5 8 29.1 32.0 30.9 8.0 2. 5 7, 940 Composite of samples A-
mine. 55440 t'l A-55442. Do _________ Sunshine No.1 mine __ 50 ___________ 2 A-55520 1929 4 10 30.0 31.2 28.8 10.0 2.0 7, 590 Composite of samples A-

55517 to A-55519. 
Do _________ Sec. 10, T. 13 N., R. *149 _________ 5 B-93644 1943 6 3 26.0 31.2 28.9 13.9 .6 7, 580 Taken off face right at sur· 

1 E. face. Do _________ U. S. G. S. drill hole GS-E-2 _____ s D-48109 1950 3 8 19.5 30.2 35.6 14.7 .6 8,530 Depth, 520 to 526 ft. 
E-2. Do _________ Black Prince mine ____ 6 ____________ 2 A-56243 1929 9 9 24.9 34.0 35.8 5.3 .3 8, 840 Water level at shaft site. 

Do _________ Tono mine ____________ 55 ___________ I 9095 1909 12-16 -------- 23.6 31.0 37.3 8.13 .36 8, 550 200 ft from gangway, room 
12, first level s0uth. 

Do _________ do _________________ 5.5 ___________ 19096 1909 12-16 -------- 22.7 31.0 38.3 8.02 . 37 8, 630 Entrance room 8, second 
level north, lower bench. Do _________ _____ do _________________ 55 ___________ 19573 1909 12-16 21.5 31.8 40.7 6.04 .43 9,170 150 ft upslope, room 7, second 
level south, upper bench. 

Do _________ _____ do _________________ 55 ___________ 2 A-55117 1929 12-16 21.9 33.4 37.4 7.3 .5 9,200 Composite of samples A-
55112 to 55116. Do _________ _____ do _________________ 55 ___________ 3 B-27320 1938 12-16 21.9 33.3 37.0 7.8 .4 9,090 Composite of samples B-
27317 to B-27319. Do _________ Old Monarch mine. ____ 33 ___________ 4 29570 1917 7 7 27.82 33.66 29.74 8. 78 . 99 7, 942 At the face of the plane. Do _________ _____ do _________________ 33 ___________ 2 A-55757 1929 7 7 26.8 33.6 32.9 6. 7 .7 8,370 Comp~site of samples A-
55755 and A-.55756. Do _________ U.S. G. S. drill hole K_ GS-K _______ D-41582 1950 9 3 25.0 33.8 30.8 10.4 1.3 8,160 Depth, 110 to 120 ft. Do _________ Richmond mine _______ 42 ___________ I 9177 1909 12 10 26.7 32.8 32.1 8.41 1. 52 8, 030 Face of north gangway, first 
level. Do _________ Sheldon mine _________ 46 ___________ I 9943 1910 7 1H 29.9 34.0 30.4 5. 75 .58 7, 930 250 ft. east of slope and 40 ft. 

Do _________ up rise from first level. 
_____ do_________________ 46 ___________ 4 29569 1917 7 1H 31.00 32.65 30.55 5.80 .46 7, 715 Face, main entry. 
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Do _________ Reliance No.1 mine ___ 40 ___________ 2 A-55761 1929 I 6 8 29.2 32.2 29.9 3. 7 .8 7, 650 Composite of samples A-
55758 to A-55760. 

Do _________ Reliance No.2 mine ___ 41_ __________ 3 B-33032 1938 6 10 35.0 29.2 28.1 7. 7 .6 7, 000 Composite of samples 
33029 to B-33031. 

B-

Do _________ Wabash mine _________ 58 ___________ 2 A-55353 1929 9 5 28.1 31.6 34.1 6. 2 . 8 8, 280 Composite of samples A-
55350 to A -55352 . 

Do _________ Lincoln mine __________ 26 ___________ 5 C-1419 1943 7 32.2 31.6 28.6 7.6 . 7 7,440 Face of first room, off slope 
entry, 110ft. north of entry. 

Do _________ Superior No.2 mine ___ 53 ___________ I 9941 1910 9 9 30.5 34.9 26.6 4. 95 1. 25 7, 930 50 ft. up No. 5 chute. 
Do _________ _____ do _________________ 53 ___________ 4 29568 1917 9 9 30.8 33.1 27.7 8.4 .8 7, 510 Face of entry beyond No. 34 

chute. 
Do _________ Non-Pareil mine ______ 31_ __________ 2 A-56018 1929 6 9 29.3 32.2 31.0 7. 5 .7 7, 910 Composite of samples A-

56016 and A -56017. 
Do _________ Stoker mine ___________ 49 ___________ 5 D-8255 1948 7 3 28.7 32.3 30.9 8.1 . 9 7, 910 Second level west, 850 ft . 

west of slope, 50 ft. above 
gangway. 

Do .•. ------~ Mona"'h No.2 (Fo'd' 1"- ____ -----~ • 29564 I 
1917 

• 

~I 
4 

• 

29 81 I .,~I 29<91 7~ I • 61 i 
7, 5471 Mall gangway noru- tho Iaet 

Prairie) mine. plane. 
Do ______________ do_________________ 30 ___________ 2 A-54767 1929 4 29.0 32.4 31.8 6. 8 .5 7, 970 Composite of samples A-

54764 to A-54766. trJ 
Do ______________ do_________________ 30 ___________ o D-3090 1948 4 24.8 34.1 32.3 8. 8 .6 8, 260 Third level from No. 6 plane, Q 

1,100 ft. south of plane, face 0 
of gangway. z 

Do _________ Columbia Collieries 1L __________ 2 A-55764 1929 8 5 28.7 34.3 29.4 7. 6 . 9 8,130 Composite of samples A- 0 
mine. 55762 and A-55763. ~ 

Tono No. 2 _____ NEUsec. 20, T.15N., *33 __________ D-30869 1949 4 10 24.4 32.4 33.9 9.3 1.9 8, 270 Near entry water level; coal 1-4 

R.1 w. weathered. 0 
Upper Thorup- U. S. G. S. drill hole GS-G _______ D-41581 1950 6 1 6 16.4 31.8 32.9 18.9 1.9 8, 440 Depth, 272 to 283 ft. Q 

son. G. 1?:1 Do _________ SEU SWU sec. 18, T. *60 __________ C-96368 1948 12 9 20.7 29.6 36.8 12.9 1.6 8, 750 Barber prospect, approxi- 0 
15 N., R. 1 E. mately 200 ft. southeast of b Majestic mine. 

Do _________ U.S. G. S. drill hole K_ GS-K _______ D--44519 1950 4 10 24.1 29.5 28.1 18.3 .6 7,170 Depth, 525 to 533 ft. 
~ Do _________ Twin City mine ______ 56 ___________ I 9945 1910 9 9 30.6 31.8 27.9 9. 74 . 27 7, 230 Face, first level gangway, 

lower bench. 
Do _________ Superior No.1 mine ___ 52 ___________ 19942 1910 9 9 27.2 33.8 28.1 10.92 .33 7, 570 10 ft. east of tunnel, upper 

bench. 
Do _________ Sec. 30, T. 15 N., R. *13 __________ 5 D-3091 1948 8 -------- 25.8 34.6 30.4 9.2 0.4 8, 090 Face prospect drift, 150ft east 

2W. of opening. 
Do _________ Crescent No.2 mine __ 13_ ---------- I 9940 1910 6 9 32.1 31.9 27.3 8. 7 2. 97 7,140 Gangway between 17 and 18 

chutes. 
Do _________ U.S.G.S. drill hole CH-3_ GS-CH-L. 5 D-71167 1951 2 2 33.4 32.3 29.7 4. 6 1.1 7. 530 Depth of 141 to 147.5 ft. 
Do _________ NWU sec. 32, T. 15 *74 __________ 5 D-33783 1949 8 o+ 25.1 30.2 31.2 13.5 1.0 7, 370 Face prospect, base not 

N. R.l E. exposed. 
Do _________ Black Badger mine ____ 2 ____________ D-30894 1949 7 6 19.4 35.3 35.8 9. 5 1.3 8, 950 25 ft northeast of portal in 

main entry. 
Lower Thorup- NWU SWU sec. 9, *12L ________ D-30866 1949 5 4 26.1 31.0 30.9 12.0 1.5 7, 810 Weathered facQ in small 

son. T. 14 N., R. 1 W. prospect pit. 

See footnotes at end of table. 
......... 
0 
......... 



Proximate analyses of coal, as received, Centralia-Chehalis district, TV ashington-Continued 
[Samples collected by U. S. Geological Survey and analyzed by U. S. Bureau of Mines, except as otherwise indicated in footnotes. Asterisk (*) before map reference 

number measured coal section. "Average thickness of clean coal" is based upon best information available in 1952 and is not necessarily the same thickness as in sam­
ples used for analyses] 

Name of coal 
bed 

Name of mine, drill 
hole, or location of 
outcrop 

Map refer­
ence 

Sample 
No. 

Date 
sam­
pled 

Average 
thickness 

of clean coal 

-Feet I Inches 

Mois­
ture 

Vola­
tile 

matter 

Fixed 
carbon Ash Sulfur I B. t. u. 

l------l----1---l---l---l---l----l----l---1---l---l 

Big Dirty ______ l SWX" NW!4 soc. 10, *127_ -------- C-1418 
T.14N., R.l W. 

Do _________ I U.S. G. S. drillholoLI GS-L ______ I D-34603 
Do _________ U.S. G. S. drill hole GS-C-2_____ 5 D-36934 

C-2. 
__ SEX" SWX' sec. 18, *43__________ 5 C-26027 

T. 15 N., R. 1 W. 

U.S. G. S. drillholeB_I GS-B ______ _ 
NWX" NW!4 sec. 18, *48 _________ _ 

Little Dirty ___ _ 
Do ________ _ 

Do 

T.15N., R.1 W. 
--I U.S. G. S. drill hole 

DD. 
GS-DD ____ _ 

*129_ -------

Smith _________ _ 
Do ________ _ 

SWX" SW!4 sec. 10, 
T.14N., R.1 W. 

U.S. G. S.drillholeD_I GS-D __ _ 
Belle Slope mine ______ L ______ _ 

Smith No.3 mine ____ _ --

Do _________ l NEX" SWX" sec. 9, T.l *13L _______ _ 
14N., R.1 W. 

Do ________ U.S.G.S.drillholel _ GS-L _____ _ 
Do _________ U.S. G. S. drillholeB_ GS-B ______ _ 
Do _________ Bucoda No.1 mine ____ 8 ___________ _ 

Do _________ . Penn-Bucoda strip 
pit No.1. 

Penitentiary ___ U.S. G. S. hole!_ ____ _ GS-L _____ _ 
Do _________ U.S. G. S. hole B_ ___ _ GS-B ______ _ 
Do _________ SEX"NWX" sec. 13, 

T. 15 N., R. 2 W. 
*19 _________ _ 

D-30146 
5 C-26029 

5 D-59349 

5 D-30868 

D-28809 
I C-23749 

2 A-56244 

; D-30867 

D-35247 
D-30147 

5 A-54771 

5 C-26030 

D-33782 
D-30148 
D-1995 

1943 

1950 
1950 

1944 

1949 
1944 

1951 

1949 

1949 
1944 

1929 

1949 

1950 
1949 
1929 

1944 

1950 
1949 
1949 

4 

24 
9 

6 

3 
3 

3 

4 

8 
8 

5 

4 

6 
8 
6 

8 

3 
4 

21 

6 I 25.9 

2 16 19.2 
5 6 17.4 

6+1 23.8 

5 6 15.8 
7 22.2 

6 26.5 

6 24.2 

6 6 19.1 
10 22.6 

8 22.4 

7 26.0 

8 6 18.2 
9 6 17.7 
5 22.1 

8 22.1 

10 617.1 
1 6 15.8 
7 I 25.5 

I 

30.5 

31.5 
35.7 

33.2 

~9 
~1 

~0 

no 
~8 
~6 

n4 
n5 

31.9 
~9 
n4 
~7 

n4 
~4 
~6 

33.5 

35.0 
32.6 

32.9 

36.4 
32.7 

30.4 

32.6 

37.2 
33.6 

32.6 

33.5 

35.1 
36.5 
36. 1 

32.6 

36.5 
33.1 
31.2 

10.1 

14.3 
14.3 

10.1 

10.9 
12.0 

10.1 

11.2 

9. 9 
10.2 

12.6 

8.0 

14.8 
11.9 
9. 4 

10.6 

14.0 
14.7 
12.7 

0. 9 

.6 
1.0 

.4 

2. 9 
2.3 

.4 

.9 

. 5 

.5 

1.5 

1.1 

.4 

.9 

.4 

. 4 

1.6 
2. 5 
4.4 

8,320 

8, 720 
9, 070 

8, 380 

~~ 
~m 

~~ 

~310 

~~ 
~~ 

~m 

~~ 

~m 
~~ 
~~ 

~~ 

~~ 
~~ 
~~ 

Location of sample in mine 
or drill hole 

On rib of main entry, 150ft 
nothwest of opening, upper 
part of bed. 

Depth, 146 to 185 ft. 
Depth, 23 to 40ft; upper part 

of bed eroded. 
Upper part of bed in face 

of 15-ft drift on outcrop; 
base not exposed. 

Depth, 67 to 71 ft. 
Face of 20ft drift on outcrop. 

Depth, 31 to 38 ft. 

Face of prospect drift 50 ft 
southeast of portal. 

Depth, 350 to 363 ft . 
Composite of samples C-

23747 and C-23748. 
Face of slope 20 ft from 

prospect mouth. 
Face of prospect trench. 

Depth, 288 to 296 ft. 
Depth, 129 to 136 ft. 
Composite of samples A-

54768 to A-54770. 
Outcrop exposed by trench • 

Depth, 499 to 506 ft. 
Depth, 291 to 296 It. 
Face of small prospect. 

~ 

0 
t:-..:) 

8 
> 
t"l 
!;:0 
t:j 
(/) 
0 
d 
~ 

~ 
~m 

~ 
~ 
~ 

~ 
H 

> 
@ 
t:j 

P:1 
> 
t-1 
8 
(f). 

1:::1 

~ 
~ 
--~ 

~ ::q 
z 
~ z 



M endota _______ NWX~:NExt sec. 24, 

B 

T. 14 N., R. 1 W. 
Do _________ NWX~:NEXI: sec. 

T. 14 N., R. 1 W. 
3, 

Do _________ U. 8. G. 8. drill hole 
D. 

Do _________ Mendota mine ________ 

Do _________ _____ do __ --------------

Do _________ _____ do ________________ 
Do _________ Columbia mine _______ 

Do _________ U.S. G. 8. drillholeL_ 
Do _________ U. 8. G. 8. drill hole R 
Do _________ Boxer mine ___________ 

Do _________ Perth mine ___________ 

ack Bear_ ____ Black Jewel mine_. ___ 

Do _________ Black Bear mine ______ 
Do _________ U. S. G. S. drill hole J_ 
Do _________ Great Western mine __ 

I U. S. G. S. Bull. 474, 1911. 
2 U. 8. B. M. Tech. Paper 491, 1931. 
3 U. 8. B. M. Tech. Paper 618, 1941. 

*146 _________ 

*145 _________ 

GS-D _______ 

29 ___________ 

29 ___________ 

29 ___________ 
10_----------

GS-L ______ 
G8-B _______ 
7------------

37-----------
5 ____________ 

3 ____________ 
G8-J ________ 
22 ___________ 

5 C-64088 1946 10 5 

5 B-93658 1943 7 11 

D-28810 1949 4 10 

110323 1909 9 --------

110324 1909 9 --------

4 29565 1917 9 --------
D-3092 1948 8 8 

D-35248 1950 7 10 
D-30575 1949 4 11 

a D-30865 1949 6 4 

I 9178 1909 6 1 

2 A-56242 1929 4 10 

I 9939 1910 5 7 
D-40920 1950 2 1 

I 9987 1910 3 6 

23.8 27.7 32.5 16.0 .8 7, 860 

23.4 30.0 32.6 14.0 4 .1 7, 990 

6 14.8 37.1 36.8 11.3 2.1 9,880 

19.3 33.8 34.3 12.62 1.17 8, 850 

20.5 33.5 33.7 12.31 1. 28 8, 690 

19.75 35.16 31.62 13.47 1.17 8, 676 
21.7 31.1 33.8 13.4 1.2 8, 450 

6 17.8 32.3 33.2 16.7 1.3 8, 750 
6 15.7 35.4 35.3 13.6 2. 2 9, 510 

22.7 32.5 32.0 12.8 2.8 8, 060 

25.1 32.3 34.0 8. 65 . 82 8,170 

17.9 27.8 29.4 24.9 2. 6 7,060 

16.0 31.9 28.9 23.2 1.5 7,800 
6 12.0 36.0 34.2 17.8 2. 9 9, 603 

22.4 33.6 33.0 10.95 2.40 8, 770 

4 Washington Geological Survey, Bull. 19, 1919. 
5 U. S. Bureau of Mines, unpublished records. 
6 Moisture lost in shipping. 

Face of prospect trench. 

Face of prospect, 20 ft from 
opening. 

Depth, 538 to 546 ft. 

Foot of slope, 850ft from mine 
mouth. 

Second room, 80 ft from first 
level north. 

Face, No. 5 north gangway. 
Face of room 25, first level 

east, 1,000 ft southeast of 
slope. 

Depth, 625 to 635 ft. 
Depth, 441 to 449 ft. 
Southeast rib of slope, 15 ft 

in by portal. 
First level, 120 ft north of 

slope. 
Face of water level gangway, 

50ft from mine mouth. 
Room 1, first west level. 
Depth, 992 to 995 ft. 
Room 10, 100 ft up rise from 

twenty-fifth level north. 

trl 
0 
0 
~ 
0 
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0 
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~ 

0 
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104 COAL HE 1SOUROE!S, OENTRALIA-CHEHAU:DS D]STRTCT, WASHINGTON 

figure 24. The figures used to construct the curve for the Centralia­
Chehalis district were obtained from the office of the State mine in­
spector and from local operators. The figures used to construct the 
curves for the State were obtained from the annual volumes of the 
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FIGURE 24.-Comparative statistics of coal production. 
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Mineral Resources of the United States issued by the U.S. Geological 
Survey and from the Mineral Yearbooks of the U. S. Bureau of 
Mines, and for the years since 1924 these data include only the pro­
duction of mines shipping 1,000 tons or n1ore annually. 

In all, more than 9 million tons of coal has been mined from beds 
in the Centralia-Chehalis district from the beginning of mining to 
January 1, 1952. Of this amount, more than 7.5 million tons has been 
obtained from the Tono No. 1 bed; most of the remainder has been 
mined from the Mendota bed. 

The available records of 58 mines that have operated in the district 
at various times in the past are given in the following table. Of this 
number only four, the Black Prince, Monarch No. 1, Stoker, and 
To no, were in operation on January 1, 1952. 

METHODS OF UNDERGROUND MINING 

Most of the larger mines in the Centralia-Chehalis district have 
been slope mines, where as in the smaller mines coal has been mined 
from "water-levels," or self-draining tunnels. In mines that have 
been operated in steeply dipping beds a water-level entry was usually 
first driven along the strike of the bed and chutes were driven up the 
dip from entry or haulageway. Later, when the coal above the water­
level entry was exhausted, a slope would be driven down the dip of 
the beds, and gangways made off the main slope at various levels and 
on the strike of the beds. Only a limited amount of mechanical equip­
ment has been employed in mining operations in this district. Elec­
tric hoists have been used in the slope mines to bring the mine cars to 
the surface, but horse or man power has been used in most of the 
smaller water-level mines to haul mine cars to the surface. Under­
cutting machines or conveyor equipment are not known to have been 
used in the district. The room-and-pillar method of mining has been 
used in the majority of the mines in the district; when the mine is 
abandoned commonly the pillars are removed, allowing the mine to 
cave. 

Some of the coal produced from the smaller mines generally has 
been hand picked to remove rock i1npurities. The larger mines, such 
as the Tono, Monarch No.1, Stoker, and Black Prince have installed 
equipment for washing and screening the coal. In some cases there 
has been considerable difficulty in removing partings of clay from 
the coal. 

MINING PROBIEMS 

Generally, conditions in the area are not favorable for mining. 
The roof of many of the coal beds is friable sandstone, making exten­
sive timbering necessary in many of the n1ines. Often as much as 2 to 
6 feet of top coal is left to support the roof. Ground water seeps into 



Data on mines in the Centralia-Chehalis district, TV ashington 
0 

[Total production during 1951 according to the Washington State coal inspectors annual report: Black Prince No.3, 12,457 tons; Monarch No. 2, 22,520 tons; Stoker, 6,480 tons; Ci:l 
Tono, 11,018 tons] 

(j 
0 

Location of portal Average thickness Date t=:; 
Map I I of clean coal mine Direction and 
No. Name of mine Type of mine Name of coal bed aban- amount of dip General remarks ::t:l 

I 
I 

doned trl 
T. (N) R. Sec. Fraction sec. -------~~ Inches _____ g 

B~lle Slope _______ l 1511W 341 NE~4SW~--- Slope and wat~r Smith___________ 8 10 1949 1.4° NE _____ Many fault~ of _small di«- ::o_ 

levt>l. pl:lcement m mmf'. C1 
21 BlackBadgf'r____ 14 1W 6 NW~NW~-- WaterleveJ.. ____ UpperThomp- 8 5 1940 8°SE _______ Dip and strike variahl~; trl 

son. mine located in small r:n 
~~~~~ward-11lunging syn- 0 

31 B1ackBear. _____ _l 161 1W I 311 SE}iNE!-1----1 Slope ___________ j BlackBear__ ____ j 5 71 l!l12 I3°-15°E ___ _j Dipflattenstothenortheust; Si 
coal bed very lenticular ~ 
and grades into carbona- ::0 
ceouR shale to the east. > 

4 I Black Cherry ____ ! 1611W 31 I NE~NE~---~ Waterlevel? _________ do _________ 5 (?) ______ _ 1930's 10° SE ______ Water-levelrocktunnelprob- t-t 
ably driven to coal bt>d. ...... 

BlackJeweL____ H1 1W 32 NW7,J;NW~-- Slopeandwater _____ do__________ 4 10 1935 12°SE ______ AlsoknownasPleasantHill > 
level. mine. Dissemin~ted py- n 

rite in coal. ~ 
6 I Black Prince No.I 151 1W I 281 NW~SE~-. -I \Vater leveL ____ Tono No.1 11 !l __________ Basin _______ Mine located in elongatP. trl 

3. (Black basin; two abandoned ~ 
Prince). portals located along west- ~ 

ern margin of basin. Pres- ~ 
ent operations adjoin and ,..... 
include workings of Vic- (fl 
tory mine. . t:::l 

Boxer -----------' 15 I 2W I 14 I NE~iSE~----1-----do ---------1 Mendota ________ j 6 4 I 1940? I !)0 SE ______ _j Mine on lowest bed strati- ,..... 
graphically in this part of l/l 
area. 8 

Bucoda No. L __ _l 15 I 1W I 7 I SE74SW~----1 Slope. ---------1 Smith (Bagley)_j 6 5 I 1933 I 5° SE_ ------1 Largest workings in NW74 ::0 
~E7; sec. 18; small faults 0 mmme. t-3 

Christian ________ ! 15,2W I 351 SW~iNW~---1 WatcrleveL .... I Mendota .. ______ , 7? j·-------J 1934? 116° sw ______ l Alsoknown~SII?~i~aymine. ... 
Bed contams siliCified logs. :;a 

10 I Columbia________ 14 1W 10 NW~-- ______ Slope and shaft. ______ do _________ 8 8 1949 4°-8° S______ Also known as Smith No. 1 "-
mine; hotst along main ~'""' 
~lope; strike ranges from ~ 
north to west. Rock slope 1-'-4 
driven to bed. z 

l1 I Columbia 151 3W I 321 NW,%;NW~--~ \Vater level and I Tono No.1 7 I 10 I 1930? 15° NE ______ I Bed mined underground and 0 Collieries. strip pit. (Foran). later strip mined. Low 8 
dip due to proximity to 0 
fault. 2 



l 2 I Crescent No. L _ _/ 14 I 3W I 22 I sw.~swu --1 Slope ___________ , Mendota? I 12 1--------1 1908? 140° s ________ l Also known as Littell mine. 
(Crescent 10'). Mine operated on lowest 

bed stratigraphically in 
this part of the area. 

Ill- Portal not found. 
Ill- 13 Crescent No. 2 __ 14 3W 22 SWJ.iSWJ.i ___ Slope and water Upper 'l'homp- 6 9 1918? 30°? 8~------ Also known as Brier Hill ~ 
-'1 lewl. son? (Cres- mine. 
~ cent 8'). ()0 

I 14 D and F _________ 15 1E 18 NW7iSW7i--- Water leveL ____ D and F ________ 4 6 1946 14°-37° w --- Mine near fault; dip steepens 
0"1 

NW7iSW7i---
to east; fault in mine. 

r 15 Empress _________ 14 1W 8 Shaft ____________ Tono No. L _____ 9 3 1920 4° sw _______ Formerly called Bennight's 
mine; 90-foot vertical shaft 
to coal bed. 

16 Eureka ___________ 14 2W 2 SW7iNW7i--- Water leveL ____ Tono No. 1? 6 5 1895? 87°S ________ Also known as China Creek ()0 
(Foran). mine. 

17 Florence _________ 14 2W 2 NE7iNW7i? __ Slope and water Mendota? _______ 6? -------- 1895 85°? s _______ First mine in district: oper~ 
level? atcd originally as By-Joe 

mine in 1884. 181 F<'ebum _________ 15 1W 28 SWUSWJ.i ___ Slope ____________ Upper 'l'homp- 12 7 1922? 10° NE ______ Bed contains many small 
son. partings. t?-1 

19 Gibson ___________ 14 2W 23 SE7iNW7i--- Water leveL ____ Tono No.1 (Sun- 6? -------- 1908? 20°-30° N ___ On same bed as Salzer Valley 0 
shine). King mine. 0 

20 Golden Glow No. 14 2W 23 sw;;tsw;i--- _____ do ___________ Golden Glow 4 6 1949 7°-17° SE ___ Fault 1,000 ft along main ~ 
1. (Leonard). water-level entry. Mine 0 

operated as W akcfield Coal ~ 
Co. from 193(}-36. 1-t 

21 I Golden Glow No. 141 2W I 23 I SW7iSW7i __ -[ Slope ____________ [ 'l'onC! No.1 (Sun-~ 7 
I 1 I 1950 17° SE _______ I Workings on same bed as 0 

2. shme). Sunshine No. 1 mine, but 0 dropped 20 feet by small t>::l 
35 I NE7iSW;-;J; __ -1-----do ___________ l Black Bear__ ___ -1 I 61 

westward-trending fault. 0 22 I Great Western ___ ! 16 I 2W I 3 1932 I 0°-2° N _____ l Known as King mine and t"l Scatter Creek mine in 1932. 0 
Bed nearly flat lying with 0 
minor folds and faults. 1-<j 
Mine not operated be-

I I tween 1910 and 1931. 
23 K and K _________ 

"l'w I 
" I NEJiSWJi---1 Skip ptt ________ Big Dirty _______ 17 1948 17° NE ______ Dirty partings throughout 

~ I ~(chebi,jj,r coal bed. 
14 1W 9 SE7iSE7i----- Slope ____________ Mendota ________ 8? 1914? 13° NE ______ Dip flattens to the northeast. 
14 2W 28 NW7iSE7i--- Water level and Golden Glow 5 7 1915? 20°-25° E ____ On bed about 75 feet strati-

slope. (Leonard). graphically above bed mined 
at Reliance mine; dip flat-
tens to east. 

26 I Lincoln __________ , 141 2W I 20 I NE7iSE7i----1 Slope ____________ I Tono No.1 (Su-I 7 1--------1 1945 130° N-------1 Northeastward-trending 
perior). drainage tunnel joins main 

slope. Rank of coal is lig~ 
nite. Operated by Supe-

.:+(?l_---;- i 

rior Coal Co. 
271 Lincoln Creek ___ I 1513W 331 SE)iNW)i ••• l Watec levoL. ..• I Ton o No, 1 I 1926? ~----·········-~ AI'? known"' R"'""", Gal-(Foran). vm, or Rex mines. 
28 Majestic _________ 15 1E 18 SWUSW7i--~ Slope ____________ Upper Thomp- 1912 20°-45° W ___ Mine near fault zone; coal i-L 

son. brecciated; many small 0 
partings in bed. 

'""' 



Data on mines in the Centralia-Chehalis district, W asMngton-Continued 

[Total production during 1951 according to the Washington State coal inspectors annual report: Black Prince No. 3, 12,457 tons; Monarch No. 2, 22,520 tons; Stoker, 6,480 tons; 
Tono, 11,018 tons] 

Location of portal 
M~ -

Average thickness 
of clean coal 

Feet Inches 

Date 
mine 
aban­
doned 

Direction and 
amount of dip No. I Name of mine I I I I I Type of mine :Name of coal bedl 1 

T. (N) R. Sec. Fraction sec. I 
I ___ ------------------- ----,---1----1-----

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
40 

41 
42 

Mendota ________ _ 

l\ionarch No. 2 
(Fords Prairie). 

Non-PareiL _____ _ 

Northwestern ___ _ 

Old Monarch ___ _ 

Penitentiary __ 

Penn-Bucoda 
No.1. 

Penn-Bucoda 
No.2. 

Perth __ ----------

Potlatch ________ _ 

Quality _________ _ 
Reliance No.}_ __ 

Reliance No.2 __ _ 
Richmond ______ _ 

14 IW 

15 I 2W 

15 I 2W 

15 I 1\V 

14 I 1W 

15 I 2W 

15,1\V 

15 1W 

15 I 2W 

14 I 2W 

15\lW 
14 2W 

141 2W 
15 2W 

NE~-48\V}i __ -1 Slope ___________ _ Mendota _______ _ 

30 I NE;iNEH---1-----do __________ _ Tono No. 1 
(Foran). 

291 SW;iSEU----r Slope and water , _____ do ___________ l 
level. 

18 NW;iNW~i-- Slope ____________ Smith __________ _ 

171 SEUNE~i----r Slope and water I 'l'ono No.!_ ____ _ 
level. 

13 NE,liNEU--- _____ do ___________ Penitentiary ___ _ 

18 I NWUNWU--1 Strip pit_ ______ _\ Smith __________ _ 

18 I SWUNWU---1- --

29 I NWUNWU--1 Slope __________ _\ Mendota ______ _ 

3 I NEUNEU---1- --1 TonoNo.l? ___ _ 

8\ SWUNWU---J-----do __________ , Penitentiary ___ _ 
28 SWUNEU.-- Slope and water Tono No.1 

level. (Superior No. 
2). 

281 SEUNWU---J Slope ___________ , _____ do _________ _ 
34 SW;iSWU--- _____ do __________ Tono No.1 

(Foran). 

8? 

3 

8 

9 

6+ 

3 
6 

6 
7 

0 1926 

4 , _________ _ 

7 

10 

8 

4 

8 
8 

10 
9 

1944 

1920? 

1942 

1895? 

1947 

1947 

1910 

1912 

1944 
1930's 

1938 
1908 

0°-14° w ___ _ 

18°-25° sw --

48° sw ------
70 sw ______ _ 

7°-12° sw ---
90 sw ______ _ 

7° SE ______ _ 

5° SE ______ _ 

20° sw ____ _ 

76°? s ______ _ 

8° SE ______ _ 
32°-21 o E __ _ 

45° NE ____ _ 
37°-70° sw __ 

General remarks 

Dip flattens westward into 
the Mendota syncline; 
westward trending fault. 

Bed flattens down dip. Op­
erated as Fords Prairie 
mine. 

Also operated as People's and 
Majestic mines. 

Adjacent to Bucoda mine, 
but separated by barrier 
pillar. 

Dip flattens toward the 
southwest. 

First mine in area; operated 
by Federal prisoners. Also 
known as Seatco mine. 

Silicified logs and stumps 
found in bed. 

Silicified stumps and logs 
common; coal cut by sev­
eral faults of small displace­
ment. 

Mine operated on lowest bed 
in area; bed contains small 
thrust faults with displace­
ments as much as 3 feet. 

One of the China Creek 
mines; portal not located 
with certainty. 

Clean coal with few partings. 
Operated by Chehalis Coal 

Co.; first bed below Leonard 
mine. Dip flattens to the 
east. Rank of coal is 
lignite. 

Rank of coal is lignite. 
Dip flattens to the northwest. 
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43 RosenthaL _____ J 14 I 2W 29 I BE~NWU---1 Slope? __________ , Golden Glow? 4 4 1895? 40° sw_ Earliest mine in vicinity of 
(Leonard). Chehalis. Also known as 

Loomis mine. 
44 RoyaL _________ -1 15 I 1W 30 I NEUSWU- -1 Water level and Mendota ________ 7 10 1944 12° NE ____ Silicified wood present. 

strip pit Bed mined underground 

221 SE)iNEJi~~ ~ I Slopo ~~ ~~ ~ ~~~~ 
and later strip mined. 

45 Sal"' Valloy I 
1412W I 

Tono No.1 5 8 1932 30° N _______ Also known as Howell or 
King. (Sunshine). King mine. Oldest mine 

46 I Sheldon ____ . ____ 33 SEUNEU---- _____ do _________ 'I'ono No.1 
in Salzer Valley. 

14 2W 7 11 1920 33°-35° s ____ Rank of coal is lignite. 
(Superior No. Operated as Pacific Red 
2). Ash mine 1919-1920. "I SkookumohuoL I "l'w I 'I NW)iNWJi~l~~~do~ ~ ~~~~~~~~I Mendota~~~~~~~~ 

7 10 1917? 14° SE ______ Mendota bed contains many 

48 Smith No.3. _____ 10 NWUNWU-- _____ do __________ Smith ___________ 
partings in this area. 

14 lW 5 8 1934 5° w ________ Silicified fragments in bed; 

29 NEUSWU--- Slope ___________ Tono No.1 
many lenticular partings. 

49 Stoker_ __________ 15 2W 7 3 ---------- 40°-25° sw __ Dip flattens to southwest; 
(Foran). some mining done on 

Upper Thompson bed by 
M water-level entry. A 475-ft 

rock tunnel driven from 0 
surface to bed. 0 

50 I Sunshine No. L.l 14 I 2W I 23 I NWUSWU---1 Slope and water I Tono No. 1 4 I 10 I 1936 15° W? _______ l Operated by Wakefield Coal ~ 
level. (Sunshine). Co. on same coal bed as 0 

mined in Golden Glow No. ~ 
I 7° SE _______ / O~em~~tal 400 ft. east of 

H 
51 I Sunshine No. 2 __ _1 15 I 2W I 13 I NEUNEU- __ , _____ do_- --------1 Penitentiary __ --1 3 10 I 1915 Q 

Penitentiary mine; other 0 water-level portals in first t;j 
canyon west of Peniten- 0 

52 I Superior No. L--1 14 I 2W 29 I NEUSEU----1 Water leveL ____ / Upper Thomp-
tiary mine. 8 8 8 1911? 38° sw _____ Mined only the upper bench 

son? (Twin of coal bed. 0 
City). t-1 53 I Superior No.2 ___ / 14 I 2W 29 / SWUNWU.--1 Slope ----------1 Tono No.1 9 9 1926 32°-38° sw __ Operated as the 'Murphy 
(Superior No. and Johnson mines. Mine 
2). abandoned owing to ina-

bility to control "quick-

23 I SWUSEU----1 Water leveL ____ / Tono No.1 
sand" above the coal bed. 

54 I T and 'l' ________ _l 14 I 2W I 6 ------ ·- 1948 38°-45° sw __ Dip increases towards east; 
(Sunshine). coal reported to have high 

20 I SEUNEU----1 Slope and strip j Tono No. L ____ 
sulfur content. 55 I Tono ____________ _l 15 I 1W I 12-16 -------- ---------- Basin _______ Closed basin complicated by 

pit. normal faults which have 
a general west strike. 
Coal largely mined out in 
western part of basin. 
Strip pit operated on S[l.me 
bed. Also known as Han-
aford mine. Operated by 
Strain Coal Co. in 1952. f-1. 

0 
c:c 



Data on mines in the Centralia-Chehalis district, Washington-Continued 

[Total production during 1951 according to the Washington State coal inspectors annual report: Black Prince No.3, 12,457 tons; Monarch No.2, 22,520 tons; Stoker, 6,480 tons; 
Tono, 11,018 tons] 

Location of portal Average thickness Date 
Map of clear> coal mine Direction and 
No. Name of mine Type of mine Name of coal bed a ban- amount of dip General remarks 

T.(N) R. Sec. Fraction sec. do ned 
Feet Inches 

-- ---
56 Twin City _______ 14 2W 29 SEUNEJ4 ____ Slope ___________ Upper Thomp- 9 9 1915? 40° SW ----- Mine operated on lower 

son? (Twin bench of coal bed. 

Victory __________ 1W NWUSEJ4 ___ 
City). 

57 15 28 _____ do __________ Tono No. L ____ n+ -------- 1927 Basin _______ Operations along southeast 
part of small elongate 
basin; old pillars now being 
removed by operations in 
Black Prince mine. 

58 Wabash __________ 15 2W 33 NWUNEJ4 ___ Water leveL ____ Tono No.1 9 5 1933 60° sw _____ A rock tunnel 1,175 feet long 
(Foran). driven to reach Tono bed; 

mine caught fire and 
burned coal beds to ex-
posures along railroad cuts. 
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most of the mines and continuous pumping is required to keep pace 
with inflow of water. Most of the mines fill with water a few weeks 
after pumping is discontinued. Although the faults in most of the 
1nines have only a small amount of displacmnent, expensive and time­
consuming work often is required to change the grade of the slope 
when a fault is reached. Many of the coal beds in the Centralia­
Chehalis district are not minable under present economic conditions, 
owing to depth of burial, poor roo£ rock, high ash content, and poor 
quality of the coal. 

STRIP MINING 

Mining by stripping is gener~lly not feasible in most of the district 
as the coal beds have steep dips and the overburden is too thick. But 
in the Tono basin in the southwestern part ofT. 15 N., R. 1 W. the 
coal beds have low dips toward the basin and in many places the over­
burden is thin, and coal has been mined by stripping at the Tono mine 
in the NW:JU sec. 21, the Penn-Bucoda mine in the NWn sec. 18, 
and the Royal mine in the SW1;4 sec. 30. The strip mining operation 
at the Tono mine was the largest in western \V ashington; at its 
maximum production about 21,000 tons of coal was mined per year. 

A large tract of land in the Tono basin apparently favorable for 
strip mining is south of the line of outcrop of the Big Dirty bed in the 
Slj:! sec. 18 and the NW% sec. 19. In this area the Big Dirty bed, 
consisting of 15 to 20 feet of coal, has a low dip to the southeast 
e;::;sentially parallel to the slope of the hills. 

Near the axes of the broader folds, areas suitable for the strip min­
ing of coal may exist. However, extensive shallow drilling would 
have to be undertaken to outline these areas with certainty. 

STRATIGRAPHIC POSITION AND CHARACTERISTICS OF THE BEDS 

The coal beds of the Centralia-Chehalis district occur in the 
Skookumchuck formation of late Eocene age. The dip of these beds 
ranges from flat lying to vertical. In the more steeply dipping beds 
there is usually evidence of bedding plane slippage, and the coal is 
commonly brecciated. The coal beds are found in two distinct groups, 
in the upper part and lower part of the formation, separated by about 
1,000 feet of non-coal-bearing rocks. At least 13 different coal beds 
have been mined in the mapped area. The stratigraphic position of 
these beds in the Skookumchuck formation is represented diagram­
matically in figure 25, the thickness of measured sections of these beds 
is plotted graphically in plate 6, and the suggested correlations of coa] 
beds in shallow test drilling are illustrated in plate 3. The outcrop 
Iines of the principal coal beds are shown on the geologic map (pl. 1) ; 
however, these outcrop lines are largely interpretive because the coa] 
is discontinuously exposed and generally obscured by landslide debris, 
soil, and vegetation. 
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li'IGURE 25.-Generalized section showing positions of principal coal 
beds in the Skookumchuck formation. 

The coal beds derive their names from mines or geographic areas 
where they are particularly well exposed. However, it is a common 
practice for mine operators to refer to the coal beds by the name of 
the mines where the beds are worked. Therefore, the same bed often 
has been referred to by more than one name, giving rise to the probably 
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erroneous belief that more than 13 coal beds are present in the mapped 
area. 

LOWER COAL GROUP 

The Black Bear bed is stratigraphically the lowest in the area 
mapped and is the only bed that has been mined in the lower coal 
group. Interpretation of drilling ~ecords of the Crescent test hole 
and Great Western Coal Co. diamond drill hole 1 suggests that a 4-foot 
coal bed overlies the Black Bear bed, and a 12- to 15-foot bed under­
lies it (pls. 3 and 4). However, as the Black Bear bed is the only 
bed in the lower coal group known to crop out, the existence of other 
commercial beds in this group is questionable. 

The Black Bear bed is known from abandoned mine workings 
along the west flank of the Blumaer Hill syncline in sees. 31 and 32, 
T. 16 N., R. 1 W., from the Great Western mine in the SW% sec. 35, 
T. 16 N., R. 2 W., and from cores taken in U. S. Geological Survey 
drill holes A and J. It was also reported to have been penetrated 
in the Crescent test hole and Great Western drill hole 1. The bed 
is believed to underlie most of T. 15 N ., R. 2 W.; a bed ( 1 foot, 7 + 
inches thick) n1easured in a flooded prospect in the SWl;i sec. 18 is 
tentatively correlated with the Black Bear bed. The Black Bear 
bed grades laterally within a short distance into carbonaceous silt­
stone in the Blumaer syncline. At the portal of the Black Bear mine, 
the bed contains 5 feet 7 inches of coal and is reported to be of less 
than minable thickness 1,500 feet east along the main slope. This 
lateral gradation of the Black Bear coal bed into carbonaceous shale 
is also made apparent by data obtained from Geological Survey drill 
hole N where a carbonaceous siltstone bed was penetrated in the same 
stratigraphic position as the Black Bear bed; whereas in drill hole 1 
of the Great Western Coal Co. drilled about 1,600 feet to the northwest, 
this bed was reported to be 9 feet thick (pl. 3). 

The Black Bear bed commonly consists of two layers of coal sepa­
rated by a carbonaceous siltstone parting that ranges in thickness 
from a few inches to a foot. The bed occurs approximately 100 feet 
stratigraphically above the Northcraft volcanic rocks. It has an 
average thickness of 5 feet of coal where it has been mined in the 
Black Bear and Black Jewel mines, but to the east and south it thins 
to 2 feet 8 inches in Geological Survey drill hole A, 3 feet 10 inches 
at the Great Western mine, and about 2 feet in drill hole J. Analyses 
of the Black Bear bed characteristically show a high ash content of 
18 to 25 percent and a sulfur content of 1.5 to 3 percent, which is 
high for coal in the Centralia-Chehalis district. 

UPPER COAL GROUP 

The upper coal group crops out along the flanks of most of the 
principal folds and is thickest and exposed best east of the Chehalis 
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River, where correlations between individual coal beds can be made 
with relative certainty. vVest of the Chehalis River the coal beds 
are thin or absent, and, in general, have lost the characteristics on 
which correlations are based in the eastern part of the area. The bed 
names used in the western part of the mapped area are, therefore, 
based largely upon the stratigraphic position of the coal bed rather 
than upon its physical similarity to a bed in the eastern part of the 
area. The beds in the upper coal group, listed from oldest to youngest, 
are: Mendota, Penitentiary, Smith, Li tt lc Dirty, Big Dirty, Lower 
Thompson, Upper Thompson, Tono No. 2, D and F, Tono No. 1, 
Golden Glow, Bear Creek, and Lucas. Coal has been mined from all 
these beds but most of the mining has been done in the Mendota and 
Tono No. 1 beds. 

Mendota bed.-The Mendota bed is continuous throughout most 
of the eastern part of the area lying south of the Skookumchuck 
River and west of the Snyder Creek syncline, but it is not known to 
crop out south of the North Fork of the N ewaukmn River. In the 
western part of the area the Mendota bed crops out along the south 
side of the Lincoln Creek uplift and is tentatively recognized as far 
west as Geological Survey drill hole X on Deep Creek. On the north 
side of the Lincoln Creek uplift, the bed is known to crop out at one 
place on the south flank of a small flexure in the SW% sec.14, T.14 N., 
R. 3 W. The bed is thickest and best exposed in the vicinity of 
l{opiah and 1\iendota, where it was mined at the Mendota, Columbia, 
and l{opiah mines. In these mines the bed ranges from 9 to 11 feet 
thick and contains thin tuffaceous partings. The bed thins progres­
sively east of Mendota and contains about 6 feet 4 inches of coal 
at the Boxer mine in sec. 14, T. 15 N., R. 2 W., and 5 feet of coal at 
the Perth mine in sec. 29, T. 15 N., R. 2 W. Throughout most of the 
eastern part of the area the Mendota bed has an average thickness 
of 7 to 8 feet and usually contains two distinct partings of carbona­
ceous shale near the 1niddle. West of the Chehalis River on the 
north side of the Lincoln Creek uplift, in sec. 14, T. 14 N., R. 3 W., 
the Mendota bed contains about 3 feet 10 inches of coal. The bed has 
a greater thickness along the south side of the uplift and is reported 
by Landes and Ruddy (1903, p. 224) to contain 11 feet of coal at the 
Crescent No. 1 mine. The bed thins west of this mine, and 2 feet 10 
inches of coal was cored in Geological Survey drill hole X, in sec. 
25, T.14N.,R. 4 W. 

Thin irregular lenses of what locally is called "cannel" coal are 
present in the Mendota and Columbia 1nines. This "cannel" coal has 
a waxy luster and shows evidence of having been sheared. A piece 
of this coal is easily ignited with a match and burns with a long 
smoky yellow flame. An analysis of the "cannel" coal (as received) 
gives a heat value of 12,380 B. t. u., a volatile content of 58.7 per-
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cent, and a 1noisture content of 7.8 percent. This coal resmnbles the 
pitch coal described by Diller (1899, p. 370-376) from the Coos 
Bay coal field of Oregon. He concluded tha.t the pitch coal is an 
asphalt because it shows none of the characteristics of coal. Petro­
graphic studies by Schopf show the presence of mobile amorphous 
waxes in the coal. The "cannel~' coal, therefore, may be fonned by a 
concentration of these waxy substance along sheared zones in the 
Mendota bed. 

Pen·itentiary bed.-The Penitentiary bed occurs only along the 
western edge of the Tono basin and northeastern flank of the Kopiah 
fault where it contains 35 to 48 inches of coal. \Vhere me.asured, the 
bed contains several tuffaceous siltstone partings, each generally less 
than 3 inches thick. The bed is of minable thickness in the vicinity 
of Bucoda, where the Penitentiary, Sunshine No. 2, and Quality 
mines were operated in it. It is not recognized south of Geological 
Survey drill hole I or as far east as drill hole D. Three analyses of 
this coal show a high sulfur content, which ranges from 1.6 to 4.4 
percent. 

Sndth bed.-The Smith bed crops out discontinuously throughout 
most of the eastern part of the district, but it is not known west of 
South Hanaford Creek. In the vicinity of Mendota the Smith No. 3 
mine, Belle Slope mine, and several prospects were operated on this 
bed. The Smith bed was strip mined south of Bucoda at the Penn­
Bucoda strip pits 1 and 2. Generally this bed is characterized by 
the presence of masses of bony or silicified logs and stumps, which 
are commonly rich in brown limonite or pyrite. Some of the coal 
contains finely-disseminated pyrite, which can be seen with the aid 
of a hand lens. The bed ranges in thickness frmn 5 to 12 feet, of 
which 4 feet 6 inches to 9 feet 6 inches is coal. The reduced thick­
ness of the bed in several areas can be attributed to contemporaneous 
deposition of channel sands during the accumulation of the plant ma­
terial. This is evident in the Smith No. 3 mine, where a 2- to 3-foot 
lens of sand grades laterally into coal within a short distance. In 
other areas where the Smith bed does not attain an average thickness 
of 8 or 9 feet, scour channels are prese:p_t along the roof of the bed. 
In Geological Survey drill holes B and D, in the Belle Slope mine, 
and in the Penn-Bucoda strip pits, the Smith bed contains a 6- to 
15-inch siltstone or sandstone parting near the roof of the seam; above 
this parting is 8 to 24 inches of coal. Mining operations in this bed 
are difficult in some areas because of the abundance of silicified logs 
and stumps. 

Little Dirty bed.-The Little Dirty bed crops out in several areas 
along the western 1nargin of the Tono basin; it probably does not 
extend farther east than the center of the Tono basin or farther south 
than l{opiah. The bed is exposed along the railroad cuts near Wabash 
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Junction, 1 mile north of Centralia, and was penetrated in Geological 
Survey drill hole DD, in sec. 29, T. 15 N., R. 2 W. Northeast of the 
To no basin the bed was not found in drill hole D. The bed ranges 
from 2lf2 to 8 feet in thickness, but usually about one-half of this 
thickness consists of partings. A few tons of coal have been mined 
frmn this bed where it is exposed a short distanee south of the Penn­
Bucoda strip pit 1, in the NW%, sec. 18, T. 15 N., R. 1 W. 

Big Dirty bed.-The Big Dirty bed is the thickest eoal bed and 
the most distinct stratigraphic marker in the Skookumchuck forma­
tion. It is eharacterized by abundant partings that are usually 
tuffaceous. This bed is exposed in prospect pits and erops out 
throughout most of the eastern part of the Centralia-Chehalis dis­
trict but is not known to crop out west of the Chehalis River or 
south of Salzer Creek and the North Fork of the N ewaukum River. 
There has been no large mining operation on this bed; strip mining, 
attempted at the l{ and l{ strip pit, proved unsuccessful because of 
numerous partings in the coal. There are many prospects on this 
bed in the SW%, sec. 18, and in the NW%, sec. 19, T. 15 N., R. 1 W., 
and immediately west of the Columbia mine. In the southwestern 
part of the Tono basin, the bed ranges in thiekness from 18 to 40 
feet, with partings composing one-third of the thiekness. The bed 
attains its maximum thickness along the western margin of the Tono 
basin, where it eonsists of approximately 20 to 29 feet of coal. The 
Big Dirty bed thins rapidly near the margin of the basin of deposi­
tion of the coal-bearing rocks and also in the Thompson Creek and 
Snyder Creek synclines, where there is less than 5 feet of coal. The 
bed thins rapidly northeast of the Tono basin; only 9 feet of coal is 
present in Geological Survey drill hole lf,f and 3 feet in drill hole D. 

The Big Dirty bed is discontinuously exposed along the Kopiah 
fault and usually consists of two benches of coal separated by 8 to 
10 feet of siltstone or sandstone. The bed maintains a rather uniform 
thickness along this fault; measuring 23 feet 7 + inches thick near 
l{opiah, 25 feet 6+ inches in SW1;4 sec. 35, T. 15 N., R. 2 W., and 
18 feet 10+ inches in sec. 29, T. 15 N., R. 2 W. Partings of siltstone 
and bone comprise more than half the thickness of the bed at the 
northernmost locality. 

Lower Thompson bed.-The Lower Thompson bed is poorly ex­
posed east of South Hanaford Creek, and it has been prospected only 
in a few places and penetrated in several test holes. Generally the 
bed is unfavorable for mining because of its lenticular character and 
many partings. The bed ranges in thickness from 7 to 11lf2 feet, with 
3 to 10 feet of coal, and it attains its maximum thickness in the 
Tono basin and in the northern part of the Thompson Creek syncline. 
The bed thins to 3 feet of coal at Geological Survey drill hole G in 
sec. 30, T. 15 N., R. 1 E., in the southern part of the Thompson Creek 
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syncline, and to 5 feet of coal in the SWl!.t, sec. 9, T. 14 N., R. 1 W., 
near the Kopiah 1nine. 

Upper T hmnpson bed.-The Upper Thompson bed persists 
throughout most of the district, extending from the Majestic mine 
in the northeastern part of the area to the Crescent No. 2 mine in 
the southwestern part. The Freeburn, Black Badger, and Twin City 
mines also mined this bed and a small amount of coal has been taken 
from the Upper Thompson bed at the Stoker and Monarch mines. 
Two or three rather persistent tuffaceous siltstone partings commonly 
occur near the middle of the bed. These partings range in thickness 
from a few inches to about 1 foot, and in places grade laterally into 
bony coal in a short distance. The numerous thinner partings in the 
bed usually lens out in a few feet or grade into carbonaceous material. 
The lateral variation within the Upper Thompson bed is apparent 
from a comparison of the n1easurements made in sec. 30, T. 15 N., 
R. 1 E. (pl. 6, locs. 61-67). Where 1neasured the bed ranges in 
thickness from 2 to 16 feet, averaging about 10 feet thick. It con­
tains from 2 to 12 feet of coal, and averages about 8 feet of coal. 
In the southwestern part of the area, along the south side of the 
Lincoln Creek uplift, the bed thins from 11 or more feet at the Cres­
cent No.2 mine (in the SW:JA sec. 23, T. 14 N., R. 3 W.) to less than 
3 feet thick 3 miles to the west. The bed is not known to be of cmn-
1nercial thickness along the north side of the uplift. 

Tono No. 2 bed.-The To no No. 2 bed is known from outcrops and 
drill holes in the Tono basin and in the north end of the Hanaford 
Creek Syncline, where it ranges in thickness from 4 to 5 feet. The bed 
has been mined on a small scale a quarter of a mile west of Tono. The 
To no No. 2 bed has not been found outside the Tono basin, but it 
may be represented by the 2 to 4 feet of coal and bony coal found about 
35 feet stratigraphically below the D and F bed in Thompson Creek 
Coal Co. drill holes 1, 2, and 3 (pl. 3). 

D and F bed.-The D and F bed is present in the northeastern part 
of the area mapped but is of minable thickness only in the northern 
part of the Thon1pson Creek syncline. At the D and F mine the bed 
measures 5% feet thick, with 41h feet of coal. A correlative of the D 
and F bed was cored in Thompson Creek Coal Co. drill hole 1, where 
it contains 51h feet of clean coal. Many tuffaceous partings increase 
the thickness of the bed toward the southern part of the Thompson 
Creek syncline, but in that area the thickness of coal is less than 18 
inches. The D and F bed is not known to crop out west of the axis of 
the Snyder Creek syncline, but it may be a correlative of the Tono 
No. 1 bed exposed west of the Coal Creek fault. 

Tono No.1 bed.-The Tono No.1 bed is the most continuous and ex­
tensively mined bed in the Centralia-Chehalis district. It also has 
coal of better quality than most beds in the district, and was the only 
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bed being mined during January 1952; the Monarch No. 1, Stoker, 
Tono, and Black Prince mines operated in this bed. Eleven other 
mines have been worked on the Tono No. 1 bed (p. 106), and more 
than 71h million tons of coal have been mined from it. Many drill 
records and data from underground workings throughout the Tono 
basin show that the bed maintains a uniform thickness of 16 to 18 
feet; most is rather clean coal. The Tono No. 1 bed is not known with 
certainty east of the Tono basin, but core drilling in this area may 
reveal that the bed thins to the east and that it is a correlative of the 
D and F bed. West of the Tono basin the bed thins to a thickness of 
8 to 12 feet in the vicinity of Centralia and 6 to 7 or more feet south 
of Salzer Creek in sees. 22, and 23, T. 14 N., R. 2 W., and 7 to 10 feet 
in the Chehalis anticline, north of Chehalis. 

West of the Chehalis River the Tono No. 1 bed crops out along the 
north side of Lincoln Creek uplift and extends almost to the western 
edge of the mapped area. The bed has been mined at the Lincoln 
and Columbia Collieries mines and contains 5 to 6:1f2 feet of coal. On 
the south side of the uplift the bed is tentatively mapped as far west 
as the center of sec. 20, T. 14 N., R. 3 W. Where measured along this 
flank the coal ranges from 5¥2 to 8 feet thick. 

Golden Glow bed.-The Golden Glow bed occurs about 60 to 100 
feet stratigraphically above the Tono No. 1 bed. The Golden Glow 
bed is known to crop out only along the flanks of the small anticline 
in Salzer Valley and in the Chehalis anticline. The bed was worked 
at the Golden Glow No. 1 mine in section 23, T. 14 N., R. 2 W., at the 
Leonard mine in section 28, and probably at the Rosenthal mine in 
section 29. The bed ranges in thickness from 4 feet 4 inches to 5 
feet 7 inches; it contains 3 feet 7 inches of coal where measured in 
the Golden Glow No. 1 mine. A bed 4 feet 10 inches thick which 
contains 2 feet 3 inches of coal was penetrated in Geological Survey 
drill hole K in sec. 7, T. 14 N., R. 1 W., and is a correlative of the 
Golden Glow bed. 

Bear Creek bed.-The Bear Creek bed crops out only in the south­
eastern part of the mapped area south of the North Fork of the 
Newaukum River along the southwest flank of the Mendota syncline. 
In outcrops along Bear Creek and its tributaries the bed ranges from 
6 feet 5 inches to 3 feet 9 inches thick; however, less than 30 inches of 
coal was measured in this bed. A prospect was opened on this bed 
in the NE~ sec. 26, T. 14 N., R. 1 W., and a few tons of coal were 
mined for local use. However, the coal proved to be too bony, and 
operations were abandoned. 

Lucas bed.-The Lucas bed is stratigraphically the highest minable 
coal bed in the Centralia-Chehalis district. Where it was measured 
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in the NEJU sec. 12, T. 14 N., R. 2 W. and in the SElti sec. 36, T. 14 N., 
R. 1 W., it crops out 2 to 6 feet below the base of the Lincoln forma­
tion and ranges in thickness from 41;2 to 51;2 feet. The bed consists 
of bony coal with thin siltstone partings. The Lucas bed is believed 
to be continuous in the southeastern part of the area mapped, north 
of Lucas Creek, and it parallels the contact between the Skookum­
chuck formation and the overlying basaltic sandstone member of the 
Lincoln formation. 

ESTIM.A TE OF RESERVES 

The total reserves of coal remaining in the ground in the Centralia­
Chehalis district on January 1, 1952, are estimated to be 3,544 million 
tons. These reserves are in beds 2.5 feet or more thick and are within 
3,000 feet of the surface. The distribution of the reserves in the 13 
townships of the district by individual beds and by categories accord­
ing to the thickness of the bed, amount of overburden, and relative 
abundance of reliable information is shown in the following table. 

To prepare the estimate a map was made of each coal bed; on this 
was plotted the outcrop of the bed, the location of all measured sec­
tions, and the drill holes that had been drilled into the bed. The 
boundaries between 1,000-, 2,000-, and 3,000-foot depths of overburden 
were also plotted on the bed maps, as were areas included in each thick­
ness category, and areas included in the measured and indicated and 
inferred reserve categories. 

The weighted average thickness was obtained within each category 
shown on the bed maps. Subtotals were prepared to show the re­
serves contained in beds falling within the :following thickness ranges: 
more than 10 feet, 5 to 10 feet, and 21;2 to 5 feet. Partings of 1nore 
than % inch thick were omitted in determining the thickness of coal 
in individual measured sections. Beds composed of alternating thin 
layers of coal and partings were omitted if the partings Jnade up 
more than half of the total thickness, or if the ash content exceeded 
33 percent. The calculations of reserve tonnage were based on the 
weight of 1,770 short tons per acre-foot and were rounded off to the 
nearest 10,000 tons. 

The reserve data are reported in two separate classes as follows : 
measured and indicated reserves and inferred. These classes are 
based on the relative abundance of reliable information that was 
available concerning the presence of coal at a distance from points 
of positive information and on knowledge of the continuity of the 
individual coal bed. Measured reserves were cmnputed from dimen­
sions revealed in outcrops, prospects, mine workings, and drill holes. 
The points of observation and measurements are no more than half a 
mile apart and the extent of the coal is so well defined that the reserve 



Estimated coal in place in the Skookumchuck formation, Centmlia-Chehalis distr·ict, Washington, Januat·y 1, 1952 

[In millions of short tons] 
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'l'ownship and coal bed 

Measured and indicated reserves 

T. 13 N., R. 2 W. 

Golden Glow ________________________ l 561------ _______ ------ ________ . 4. 5 0. 44 0. 44 ----------1 0. 44 1, 250 3. 51 7. 741 393 3. 01 2. 09110.271 4.11 
Tono No. L------------------ _______ 41 ______ _ _____ 8. 0 . 58 ______ ______ . 58 __________ . 58 1, 145 7. 0 14. 18 1, 727 6. 2 18. 94 33.70 13.48 

------------------- 971----~ ------ ----~ . 58----~. . 44, 1. 02 ----------1 1. 02 2, 3~- ~----1 21. ~. 2, 120.~---- _:::_~ 43.97 17.59 

T.14N., R.J W. 

Lucas Creek________________________ 496 ______ ______ ______ ________ 4. 5 3. 95 3. 95 __________ 3. 95 ________ ______ ________ ______ ______ ______ 3. 95 1. 58 
Tono No. L_________________________ 3, 425 ______ ______ 7. 7 46.68 ______ ______ 46.68 956,250 45.72 4, 919 6. 2 53.98 ______ ______ ______ 99.70 39.88 
Upper Thompson___________________ 2, 604 ______ ______ ______ ________ 2. 5 11.52 11.-52 __________ 11.52 ________ ______ ________ ______ ______ ______ 11.52 4. 61 
Lower Thompson___________________ 2, 689 ______ ______ 6. 0 28.56 ______ ______ 28.56 2, 500 28.55 ________ ______ ________ ______ ______ ______ 28.55 11.42 
Big Dirty___________________________ 3, 060 15.8 85.58 ______ ________ ______ ______ 85.58 __________ 85.58 525 14.0 13.01 ______ ______ ______ 98.59 39.43 
Smith _____ --------------____________ 3, 130 ______ ______ 5. 8 32. 13 ______ ______ 32. 13 137, 500 32.00 1, 457 8. 0 20. 63 _______ ___ ___ ______ 52. 63 21.05 
Mendota____________________________ 217 10.0 3. 84 ______ ________ ______ ______ 3. 84 __________ 3. 84 1, 545 7. 5 20.51 323 7. 5 4. 29 28.64 11.46 

Do______________________________ 2, 377 ------ ______ 7. 7 32.39 ______ ______ 32.39 2, 239,500 30.15 ________ ______ ________ ______ ______ ______ 30. 15 12.05 
---~----------------------

TotaL________________________ 17,998 ______ 89.42 ______ 139.76 ______ 15.471 244. 65,3,335, 7501 241.311 8, 446 ------1 108.131 3231------1 4. 29 353.73 141.48 
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T. 14 N., R. 2 TV. 

Lrcas Creek __ --·-- _________________ _ 
Golden Glow ___ ·--------------------
Tono No. L ________________________ _ 
Upper Thompson __________________ _ 
Big Dirty __________________________ _ 
Mendota ___________________________ _ 

T.14 N., R. 3 lV. 

Tono No. !_ ________________________ _ 

Do _____________________________ _ 
Upper Thompson __________________ _ 
Mendota ___________________________ _ 

Do ____________ ------------------

T. 14 N., R. 4 T:V. 

Mendota ___________________________ _ 

T. 15 N., R. 1 E. 
D and F ---------------------------
Upper Thompson __________________ _ 

Do _____________________________ _ 
Lower Thompson __________________ _ 

T. 15 N., R. 1 TV. 

459 ------ ------ ------ -------- 3. 0 2. 44 
5, 039 ------ ------ ------ -------- 4. 4 39. 24 

12,258 ------ ---- 7 .. ~ H\2. 73 ------ ------
7, 761 ------ ------ 7. 0 93.68 ------ ------

628 16. 0 17. 78 ------ -------- ------ ------
581 ------ ------ 5. 0 5.13 ------ ------

2.44 ----------
39. 24 28, 500 

162. 73 987, 750 
93. 68 13, 500 
17.78 ----------
5.13 53,750 

2. 44 -------- ------ -------- ------ ------ ------
39.21 3, 263 4. 5 25.99 ------ ------ ------

HH. H 4, 769 7. 8 65. 84 1, 266 7. 5 16. 81 
93. 6'7 3, 668 7. 4 48. 04 103 6. 5 1. 19 
17.78 3, 502 10.0 6I. 98 ------ ------ ------
5.08 1, 855 4. 5 14.77 ------ ------ ------

2.44 
65.20 

244.39 
142.90 
79.76 
19.85 

.98 
26.08 
97.76 
57.16 
31.91 

7. 94 

26,7261------117.781----~1 261.541------141.~1 321.0011,083,5~1 319.921 17,0571------1 216.621_1:,3691~----118.001 554.541 221.83 

695~------~------1 7. 81 9. 60~------~------1, 177 ------ ------ ------ -------- 3. 7 7. 71 
I, 868 ______ ______ 6. 4 21.16 ___________ _ 

604 ------ ------ 5. 7 6. 09 ------ ------
2,318 ------ ------ ------ -------- 3. 7 15.18 

9. 601 _________ _ 
7. 71 ----------

21.16 12,250 
6. 09 ----------

15.18 ----------

2!~ 111~~~;:~ ;;;1 ~~~;~;I~~~;~~ ;~1 ~ ;~;;: 1 ~ ~ ~~~ ;1~ ;;~;; 
15. 18 2, 647 3. I 17.33 1, 986 3. 3 11.60 

37.51 
7. 71 

50.60 
6. 09 

44.11 

15.00 
3.08 

20.24 
2.44 

17.64 

6, 662
1 
__ .__ +----+-----I 36. s5l------l 22. s9

1 
59. 741 12, 25ol 59. 73l 5, 837l------l 49. 60/ 4, 966/------ I 36. 69/ I46. 02

1 
58.40 

2201 _____ _1 _____ _1 _____ _1 _______ _1 3. O! 1.17 

215~------~------~------~--------1 4. 511.71 61 11.5 1. 24 ------ -------- ------ ------
1,040 ------ ------ 9. 5 17.49 ------ ------

813 ------ ------ 5. 3 7. 63 ------ ------

1. 17, _________ _ 

1. 711 15,000 
1. 24 ----------

17.49 ----------
7.63 ----------

1. 17, ________ , ______ , ________ , ______ , ______ ,_ 

1. 701_------ -~----- -~------- -~----- -~----- -~------
1.24 -------- ------ -------- ------ ------ ------

17.49 -------- ------ -------- ------ ------ ------
7.63 -------- ------ -------- ------ ------ ------

1.17 

1. 70 
1. 24 

17.49 
7. 63 

.47 

.68 

.49 
7.00 
3. 05 

2, 1291------1 1. 241------ /_ 25. 121------1 1. 711 28.071 15,0001 28. 061-------+----+------+---~1------1------1 28.061 11. ~ 

D and F___________________________ 734 ______ ______ ______ ________ 4.5 5.85 5.85 __________ 5.85 ________ ______ ________ ______ ______ ______ 5.85 2.34 
Tono No.!_________________________ 770 13.5 18.45 ______ ________ ______ ______ 18.4513,245,000 5.21________ ______ ________ ______ ______ ______ 5.21 2.08 
Tono No.2_________________________ 865 ______ ______ ______ ________ 4.2 6.43 6.43 __________ 6.43 ________ ______ ________ ______ ______ ______ 6.43 2.57 
Upper Thompson___________________ 2, 697 10.7 51.08 ______ ________ ______ ______ 51.08 15,250 51.06 ________ ______ ________ ______ ______ ______ 51.06 20.42 

Do ----------------------------- 2, 136 ______ ______ 9. 5 35.92 ______ ______ 35.92 __________ 35. 92 ________ ______ ________ _____ _ ______ ______ 35. 92 14.37 
Lower Thompson___________________ 2, 385 ______ ______ 6. 0 25.23 ______ ______ 25.23 __________ 25.23 ________ ______ ________ ______ ______ ______ 25.23 10.09 

Do______________________________ 416 ___ ___ _____ _ ______ ________ 3. 0 2. 21 2. 21 _____ _____ 2. 21 ________ ______ ________ ______ ______ ______ 2. 21 . 89 
Big Dirty___________________________ 4, 091 23.8172.35 ______ ________ ______ ______ 172.35 __________ 172.35 ________ ______ ________ ______ ______ ______ 172.35 68.96 
Little Dirty_________________________ 612 ______ ------ ______ ________ 3. 0 3. 25 3. 25 ________ 3. 25 ________ ______ ________ ______ ______ ______ 3. 25 1. 30 
Smith_______________________________ 4, 949 ______ ______ 6. 6 57.81 ______ ______ 57.81 565,250 57.25 ________ ______ ________ ______ ______ ______ 57.25 22.90 

te~~~~~a_r::~======================= ~: ~~ ====== ====== --- 6~6 ---94~90 ----~~~ -~~~~~ ~:: ~ rg: ggg ~:: ~g ---2;828 ---6~2 ---3i~o4 ====== ====== ====== 1~~: ~~ 5g: g~ 
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Estimated coal in place in the 8kookumchuck formation, Centralia-Chehalis district, Washington, January 1, 1952-Continued 

Township and coal bea 

T.15N.,R.2 W. 

Tono No. L _______________________ _ 
Upper Thompson __________________ _ 
Big Dirty---------------------------Little Dirty ________________________ _ 
Penitentiary __ ----------------------
Mendota ___ ---- ____ -----------------

TotaL ______ -----------------_ 

T. 15 N., R. 3 W. 

Tono No.!_ ________________________ _ 
Upper Thompson __________________ _ 
Mendota __________________ ----------

TotaL------------------------

T. 15 N., R. 4 TV. 

Tvno No.!_ ________________________ _ 

[In millions of short tons] 

Coal less than 1,000 ft below the surface I Coal 1,000-2,000 ft 
below the surface 

Coal 2,000-3,000 ft 
below the surface 

---
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Measured and indicated reserves-Continued 

1, 849 ------ ------ 8. 7 28.48 ------ ------
1,584 ------ ------ 7. 5 21.03 ------ ------
1,486 13.1 34.47 ------ -------- ------ ------
1,226 ------ ------ ------ -------- 3. 5 8. 03 

335 ------ ------ ------ -------- 3. 6 2.13 
3, 614 ------ ------ 6. 5 41.58 ------ ------

28. 48 2, 167, 250 
21.03 ----------
34.47 ----------
8.03 ----------
2.13 1, 250 

41.58 22,000 

26.31 666 7. 4 8. 72 ------ ------ ------
21.03 1, 105 7. 5 14.67 ------ ------ ------
34.47 1, 565 7. 5 20.77 ------ ------ ------
8.03 1,116 3. 0 5. 93 ------ ------ ------
2. 13 -------- ------ -------- ------ ------ ------

41.56 1, 846 5. 6 18.30 ------ ------ ------
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II» 
II» 

'1'.16N.,R.1 W. 

Black Bear_ 

T. 16 N., R. 2 W. 
==~~~~~;:;i;:,;~J~~J~~~J- 3~~-~~I==:_~I_29' 000I=:_~I~~~J~----I~~----I~~J~~J------I=!c:.~l==~~ 

~ Black.oe<~'--------------------------~--~---~--~--~-~-~-~-~-~--~-~--~-~--~-~-~-~--oo ------------------------------------------------------
1 Total measured and indicated 

01 reserves_-------------------- 99,931 ______ 384. 79 ______ 812.83 ______ 140.41 1, 338.03 20, 934, 750 1, 317. 11 50,809 ______ 581. 63 9, 545 ______ 86. 80 1, 985. 54 794. 20 

3. 02 1. 21 6151 _____ _1 _____ _1 _____ _1 _______ _1 3. Ol 3. 26 3. 261 243, 250 3.02, ________ , ______ , ________ , ______ , ______ , _____ _ 

00 

1 Inferred reserves 

T.
13 

N., R.
1 

E. I I I I I I I I I . I Tono No.!_ _________________________ = 2, 732 ______ ______ 5. 0 24.17 _____________ 24.17 __________ , 24.17 -------+---~~~----~1----~~----~1------1 24.171 9. 67 

T. 13 N., R. 2 fV. 

Tono No. L------------------------1--------1------1------1------1--------1------1------1--------1----------1--------1--------1------1--------1 5, 5191 5. 21 50.801 50.801 20.32 

T.14 N., R. 1 E. 

Tono No. _L _____ ----------

Do ____________________ -------
Mendota ________________________ ----

T. 14 N., R. 1 W. 

Tono No.]_ ________________________ _ 
Upper Thompson __________________ _ 
Lower Thompson __________________ _ 
Big Dirty __ ------------------------

Do _____________________________ _ 
Little Dirty ________________________ _ 
Smith ______________________________ _ 
Penitentiary _______________________ _ 
Mendota _______________ ------------

Do ___________________________ _ 
Do ____________________________ _ 

1, 910, ______ 1_ --- __ , 5. 51 18. 591 ____ - -~------
147 ------ ------ 5.0 1.30------ ------

68 10.0 1. 20 ------ -------- ------ ------

18. 591 _________ _ 
1.30 ----------
1.20 ---------- l ~gl ~~~~~~~~I~~~~~~ I~~~~~~~~ I~~~~~~ I~~:::: I::::=: 18.59 

1.30 
1.20 

7. 43 
. 52 
.48 

2, 1251 _____ _1 1. 201 _____ _1 19. 891 _____ _1 _____ _1 21. 091 _________ _1 21. 091 _______ _1 _____ _1 _______ _1 _____ _1 _____ _1 ___ --.I 21.091 8. 43 

680 ------ ------ 6. 0 7. 22 ------ ------
453 ------ ------ ------ -------- 2. 5 2.01 
437 ------ ------ ------ -------- 4. 0 3. 09 
368 10.0 6. 51------ -------- ------ ------
254 ------ ------ 5. 0 2. 25 ------ ------
82 ------ ------ ------ -------- 2. 5 . 36 

103------ ------ 6.0 1.09------ ------
113 ----- - --- - -- --- -- - - -- - - -- - 3. 0 . 60 

1, 440 ------ ------ 8. 5 21.67 ------ ------
100 ------ ------ ------ -------- 2. 5 . 44 
271 10. 0 4. 80 - - -- - - - -- --- - - ---- - - ---- -

7.22 ----------
2.01 ----------
3.09 ----------
6.51 ----------
2.25 ----------
.36 ----------

1.09 ----------
.60 ----------

21.67 ---------­
.44 ----------

4.80 ----------

7.22 3,372 6.0 35.81------ ------ ------
2.01 9, 028 2. 5 39.95 ------ ------ ------
3.09 9,398 4.4 73.19------ ·----- ------
6.51 10,206 10.0 180.64 ------ ------ ------
2. 25 -------- ------ -------- ------ ------ -----­

. 36 -------- ------ -------- ------ ------ ------
1. 09 2, 115 6. 4 23. 96 8, 496 5. 5 82. 71 
. 60 -------- ------ -------- ------ ------ ------

21. 67 2, 179 7. 5 28. 93 8, 550 7. 5 113. 50 
. 44 -------- ------ -------- ------ ------ ------

4.80 -------- ------ -------- ------ ------ ------

43.03 
41.95 
76.29 
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2.25 
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107.76 
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4. 80 
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Estimated coal in place in the Skookumchuck formation, Centralia-Chehalis district, Washington, January 1, 1952-Continued 
[In millions of short tons] 

Coal less than 1,000 ft below the surface I Coall,000-2,000 ft 
below the surface 

Coal2,000-3,000 ft 
below the surface 

P.,Cl) 

Beds ex- .o:S 
ceeding 120 Beds 60-120 Beds 30-60 ~~ Beds exceeding 30 in. Beds exceeding 30 
in. in thick- in. thick in. thick 
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Township and coal bed 

Inferred reserves-Con tinned 

T. 14 N., R. 2 lV. 

~g~~e~~~f~======================== ---i;3i6 ====== ====== ---7:8 ---i8:i7 ====== -===== ---i8:i7 ========== ---18:17 -----766 ---8: o ---io:oo 
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Upper Thompson___________________ 3, 886 ______ ______ 6. 9 47.46 ______ ______ 47.46 __________ 47.46 3, 590 6. 8 43.21 2, 490 7. 0 30.85 
Big Dirty--------------------------- -------- ____________ ------ -------- ___________________ ---------- -------- 4, 078 5. 0 36.09 _________________ _ 
Mendota____________________________ 689 ______ ______ ______ ________ 2. 5 3. 04 3. 04 __________ 3. 04 11,500 3. 4 69.20 3 850 3. 2 21.80 
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4.52 
13.88 
48.61 
14.44 
37.61 

TotaL __________________ ------ 5, 891[_ -- ___ [_ ----- [_ _____ [ 65. 63[ ______ [ 3. 041 68. 67, _________ _ 68.61719,8741------1 158.501 8,396[ ______ [ 70.471 297.641 119.06 

T.14 N., R. 3 TV. 

Tono No.!_ ________________________ _ 
Upper Thompson __________________ _ 
Mendota ___________________________ _ 

1, 871~------~------1 7. 51 20.21 
2, 289 ------ ------ ------
1,303 ------ ------ ------1--------

4.01 2.46 
3. 6 12.68 
3. 8 8. 76 

22. 671 _________ _ 
12.68 ----------
8.76 ----------

22.67 
12.68 
8. 76 

918 
1, 871 
1, 546 

7. 7 
5.0 
3. 7 

12. 51 
16.55 
10.12 
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947 
563 

6. 01 3. 38 
6. 5 10.89 
5.0 4. 98 

38.56 
40.12 
23.86 

15.42 
16.05 

9. 55 
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T.15N., R.t E. 

Lower Thompson __________________ _ 
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5.63 

---1--1--1--l---1--1--1---l----1---1---l--l---l--l--·--·---·---
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D and F ----------------------------Upper Thompson __________________ _ 
Lower Thompson __________________ _ 

Do _____________________________ _ 
Big Dirty _______ --------------------

Do _____________________________ _ 
Little Dirty ________________________ _ 
Smith ______________________________ _ 

Do _____________________________ _ 
Penitentiary_-----------------------Mendota ___________________________ _ 
Black Bear _________________________ _ 

68!!1------1------ ------ -------- 3. 5 4. 27 
705 ------ ------ 9. 5 11.85 ------ ------

1,423 ------ ------ ------ -------- 4. 0 10.08 
2, 076 ------ ------ 5. 5 20.21 ------ ------
2,397 11.9 50.38 ------ -------- ------ ------
2, 784 ------ ------ ------ --· ----- 4. 0 19. 75 

754 ------ ------ ------ -------- 2. 5 3. 34 
5, 778 ------ ------ 6. 2 63.41 ------ ------
1,215 ------ ------ ------ -------- 2. 9 6. 24 
2, 266 ------ ------ ------ -------- 3. 0 12.03 
2, 266 ------ ------ ------ -------- 2. 9 11.63 

665 ------ ------ ------ -------- 2. 5 2. 94 

4. 27 ----------
11.85 ----------
10.08 
20.21 ----------
50.38 ---------
19.75 ----------
3.34 ----------

63.41 ----- -
6.24 ----------

12.03 ----------
11.63 - -------
2.94 ----------

4. 27- 4. 27 
11.85 
10.08 
20.21 
50.38 
19.75 
3.34 

63.41 
6. 24 

12.03 
11.63 

2. 94 

1.n 
~u 
~w 
~~ 
~M 
~00 
1.34 
~~ 
aw 
~m 
~M 
1.18 

Total 23, 0181~----1 50. 38, ______ , 95. 471~~;,/ 70.28/ 216~~1 ----- --J 216.131~~~~/;=~~~~~~:_:-__J~;;~~~~~~~------1 216.131 86. ~ 
T.15 N., R. £TV. 

Black Bear ___________________ _ 
--- 17, 976,------ '------ '-- ----'- ------- 2. 51 79.54 79. 54, _________ _ 79. 54,--------'------, _____ ---'----

T.15N.,R.3 W. 

Tono No. L ______________ -----------~ 796~------~------~ 7. 5

1 

10. 57~------~--- __ -~ 10. 57~----------~ 10. 57

1 

5, 332 Do ----------------------------- 1, 538 ______ ______ ______ ________ 4. 0 10.89 10.89 __________ 10.89 _______ _ 
Upper Thompson___________________________________________________________________________________________ 2, 960 
Mendota____________________________ 579 ______ ______ ______ ________ 3. 0 3. 06 3. 06 __________ 3. 06 1, 893 

5. 61 52. 85,------,------

--2~.5 ---ia~io ============I==-=== 
3. 0 10.05 ------ ------ ------

2, 9131------1------1------1 10. 57[ __ --- -1 13. 95[ 24. 52[ ___ ----- --1 24. 52[ 10, 1851 ____ - _I 76. 00.------' ------.--

T.15 N., R. 4 TV. 

79.54 

63.42 
10.89 
13.10 
13.11 

31.81 

25.37 
4.36 
5. 24 
5. 24 

100.521 40. 21 

Tono No. ----------------------- 1--------1------1------ 1------ I--- -----1------ 1------ 1--------1---------- 1-------- 2, 6291 3. 7 17. 221 2691 4. Ol 1. 901 19. 12 7. 65 

T.16 N., R.t TV. 

Black Bear---------- _______________ _ 801 _____ _1 _____ _1 _____ _1 _______ _1 2. 51 . 35 . 35, _________ _ . 35,--------' ------ , ________ '------ '------ '---- -- .35 .14 
=1=1=1=1=1=1=1=1=1=1=1=1=1=1=1=1=1= 

Totalinferred reserves _______ _! 66, 9461-----·1 62.891------1 272. 661------1211.621 547. 171----------1 547. 171 73,3211------1 673. 38[33, 058[ ______ [338. 63[1, 559. 181 623. 67 

Grand total: measured, indi-
cated and inferred __________ _! 166, 877[ ______ [447. 68[ ______ [1, 085. 49[ ______ [352. 03[1, 885. 20[20, 934, 750[1, 864. 27[ 124, 130[ ______ [1, 260. 01[42, 603[ ______ [425. 43[3, 544. 72j1, 417. 87 
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tonnages computed are judged to be accurate within 20 percent or less 
of the true tonnage. Less than 7 percent of the total estimated coal 
in the Centralia-Chehalis district is classified as 1neasured. This fig­
ure is small because there has been little mining of the coal and the 
area lacks outcrops; however, expansion of mining and additional 
drilling will substantially increase the measured reserves. Indicated 
reserves were computed partly :from specific measurements and partly 
from projection of visible data :for no more than 2 miles :from the 
outcrop or points of observations. The reserve table shows that ap­
proxiinately 50 percent of the total estimated reserves in the district 
is ineluded in this class. Inferred reserves were based largely on broad 
knowledge of the geologic charaeter of the individual coal beds and on 
the assmned continuity of the coal, for which there is geologic evidence. 
All the coal that lies more than 2 miles from the outcrop is included in 
the inferred class. About 4:3 percent of the total estimated coal re­
serves in the district is inferred reserves. 

Measurements of the mined -out areas of the To no, Mendota, J(o­
piah, and Old Monarch n1ines compared with the record of past pro­
ductions for these same mines indicate that an average of at least 
40 percent of the coal has been recovered in the areas mined. The 
remainder of the coal originally in the ground is lost in Inining, or 
lost by fires underground or at the outcrop. Therefore, the recovera­
ble reserves of coal in the Centralia-Chehalis district are estimated 
to be 40 percent of the coal remaining in the ground. New mining 
techniques may modify this recovery figure but the change 
presumably would not be large. 

DESCRIPTION OF RESERVES BY TOWNSHIP 

T. 16 N., R. 2 W. 

Most ofT. 16 N., R. 2 W. (pl. 6) is covered by glacial drift, and the 
only coal beds known to crop out are those of the lower coal group, 
which is exposed in the extreme southeastern part of the township. 
The only commercial coal bed known in this township iR the Black 
Bear bed, mined at the Great Western mine in sec. 35. No outcrops 
of this bed are known, but it has been measured in the Great Western 
1nine where it was 3 feet 9 inehes thiek. 

Driller's logs of the Creseent test hole and the Great Western drill 
hole may be interpreted to show that a 4-foot eoal bed overlies the 
Black Bear bed, and a 12- to 15-foot coal bed underlies it. These 
records are questioned, however, as the beds are not known to crop out. 
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Coal localities in T. 16 N., R. 2 W. 

Map 
ref-"rence L·.wation c~al bed 

---------------------1 
Crescent__ SW~SE~ sec. 32 _____ Unnamed __________ _ 

OW-l_ ____ SE~SW~ sec. 36 __________ do _____________ _ 

Approximate 
thickness 

F.:>et Inches 

127 

Remar1:s 

Crescent well; depth, 526ft; re­
ported thickness. 

Great Western drill hole 1; 
depth, 103 ft; reported 
thickness. 

1. _________ NE~SW~ sec. 35 ____ Black Bear__________ 3 9 Great Western mine; caved. 
OW-L _____ SE~SW~ sec. 36 __________ do______________ 9 

Crescent__ SW~SE~ sec. 32 _____ Unnamed___________ 15 

OW-L ____ SE~SW~ sec. :i6 __________ do______________ 12 

T. 16 N., R. 1 W. 

Great Western drill hole 1; 
depth, 231 ft; reported 
thickness. 

Crescent well; depth, 791 ft; 
reported thickness. 

Great Western drill hole 1; 
depth, 334 ft; reported 
thickness. 

Most of T. 16 N., R. 1 vV. (pl. 6) is underlain by rocks older than 
the coal-bearing formation and coal is present only in sees. 31 and 32. 
The Black Bear bed, which is stratigraphically the lowest minable bed 
in the district, crops out along the west limb of the Blumaer Hill syn­
cline, about 100 feet above the top of the Northcraft formation. This 
bed was rnined at the Black Bear and Black Cherry mines in sec. 31 
and at the Black Jewel mine in sec. 32. The bed is about 8 feet thick 
at the portal to the flooded Black Jewel mine and contains 4 feet 
10 inches of coal. A.pproximately 1,500 feet to the east, along the 
n1ain slope, the bed is reported not to be of minable thickness as it con­
tains many partings of carbonaceous siltstone. In Geological Survey 
drill hole A~ located about 1,500 feet east of the outcrop of the Black 
Bear bed, 3 feet 4 inches of coal was penetrated in this bed. 

Coal localities in T. 16 N., R. 1 W. 

Map 
reference Location Coal bed 

Approximate 
thickness 

Feet Inches 

Remarks 

-----------!------------1--------------
2 __________ SE~~E~ sec. ai. ____ Black Bear_ _______ _ 5 

3 ... _______ NW~NW~ sec. 32 ________ do _____________ _ 

GS-A _____ NW~SW~ sec. 32 _________ do _____________ _ 

T. 15 N., R. 4 W. 

11 Black Bear mine; caved. 
Inaccessible. 

2 Black Jewel mine; flooded. 
Bed exposed at portal. 

8 Geological Survey drill hole 
A; depth, 183 feet. 

The Skookumchuck formation crops out in parts of sees. 23 and 24; 
and in sees. 25 and 26 (pl. 6). In this part of the mapped area most 
of the coal-bearing near-shore strata are largely supplanted by fine­
grained offshore deposits and the coal beds are missing. The only bed 
known to crop out in the township is the Tono No. 1 bed. It is exposed 
only in NW1JtN'V'l4 sec. 25, in a ravine where it is 51;2 feet thick and 
contains about 5 feet of coal. 
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T. 15 N., R. 3 W. 

InT. 15 N., R. 3 W. (pl. 6) the coal-bearing Skookmnchuck forma­
tion crops out in both the southwestern and northeastern parts but 
Quaternary deposits conceal the coal beds in the latter area. The 
only bed of commercial significance exposed in this township is the 
Tono No. 1, which was seen only at the portal to the caved Columbia 
Collieries 1nine in sec. 32. This bed was also mined at the Lincoln 
Creek mine in sec. 33; however, this mine is now caved and the bed 
eannot be studied. The bed contains about 8 feet of coal at each 
of these mines. A coal bed 2 feet 8 inches thick is present about 50 
feet stratigraphically below the Tono No.1 bed, near the caved portal 
of the Lincoln Creek mine, but it is not of conunercial value because 
of the high percentage of bone. 

The Tono No.1, Upper Thompson, and Mendota beds are probably 
present under the cover of outwash gravel and alluvimn in the north­
eastern part ofthis township, for they crop out immediately to the 
east, in T. 15 N., R. 2 W. 

Coal localities in T. 15 N., R. 3 W. 

Map 
referenca Location Coal bed 

Approximate 
thickness 

Remarks 

--------I---------I------- Feet I_In_c_h_es_
1 
___________ _ 

5 __________ N~{)NWU sec. 32 ______ Tono No. I bed ____ _ 

(, __________ SEUNWU sec. 33 _________ do ______________ _ 

'---------- SEUNWU sec. 33 ____ Unnamed __________ _ 

8 5 Col'lmbia Collieries; caved. 
Bed exposed near portal. 
Small area was strip mined. 

8 ________ Lincoln Creek mine; caved. 

2 8 Exposed near portal to Lincoln 
mine. Faced outcrop. 

I 

Inaccessible. 

--------~~------ ---------------------'-----------

T. 15 N., R. 2 W. 

T. 15 N., R. 2 W. (pl. 6) is largely underlain by strata of the 
Skookumchuck formation, but o'utcrops of coal beds are chiefly re­
stricted to the southwestern and eastern parts of the township. In the 
central and northwestern parts of the township coal is known to crop 
out near the center of sec. 9, and is exposed in a prospect in the SWl~ 
sec. 18. The exposed thickness of coal in these two sections is less than 
20 inches; however, 3 feet of coal has been reported to be present in 
the prospect in sec. 18. The stratigraphic position of these coal out­
crops suggests they are in the lower coal group and may be equivalent 
to the Black Bear bed. 

In the eastern part of the township the Big Dirty, Smith, Peni­
tentiary, and Mendota beds of the upper coal group are discontin­
uously exposed along a broad, shallow syncline, which plunges east­
ward into the Tono basin. Exploitation in this part of the township 
has been mostly limited to prospects, but the Boxer mine on the Men­
dota bed in the SEl;i sec. 14 produced small quantities of coal for 
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local use. The Penitentiary and Sunshine No. 2 mines in the NE1;4 
sec. 13 were operated on the Penitentiary bed. The Penitentiary mine 
is the oldest mine in this part of the district and was first operated by 
Federal prisoners. In the central part of the township the coal­
bearing beds of the upper part of the Skookumchuck formation have 
been removed by erosion along the axial parts of the Tenino anticline, 
but in the southwestern part of the township the upper coal group is 
exposed along the down thrown southwestern side of the l{opiah fault. 
South of this fault, the Tono No. 1, Upper Thompson, Big Dirty, 
Little Dirty, and Mendota beds crop out in a narrow northwestward­
trending belt. All o£ these beds have been prospected in this part o£ 
the township, but only the Tono No.1 and the Mendota beds have been 
mined. Fords Prairie, Monarch No. 1, Stoker, Wabash, Non-Pareil, 
and Richmond mines are located on the Tono No. 1 bed, but in J anu­
ary 1951 only the Stoker and Monarch No. 1 mines were operating. 
The Perth mine, now abandoned, produced coal from the Mendota 
bed. 

Coal beds of the upper coal series thin noticeably from east to west 
across the township. The Tono No. 1 bed, reported to be 12 feet 10 
inches thick at the Richmond mine, thins to 7 feet 4 inches of clean 
coal at the Monarch No. 1 mine; a distance of about 3 miles. 

Coal localities in T. 15 N., R. 2 W. 

Map 
reference Location Coal bed 

8 __________ SE;iNE}i sec. 30 _____ Tono Ko. L_ _______ _ 

9 __________ NE;iSW;i sec. 29 __________ do _____________ _ 
10 _________ SW;iSE;i sec. 29 __________ do ______________ _ 
u _________ SW;iNE;i sec. 33 _________ do ______________ _ 

12 _________ SW;iSW;i sec. 34 __________ do. ____________ _ 
13 _________ NE;iNE;i sec. 30 ·-·-- Upper Thompson __ _ 

14 _________ NE;iSW;i sec. 29 _________ do _____________ _ 
15 _________ SW;iNW;i sec. 29 ___ Big Dirty __________ _ 
16 _________ NW;iSW;i sec. 35 ________ do ______________ _ 

GS-DD ___ NE;iSW;i sec. 29__ ___ Little Dirty ________ _ 

17 _________ NW;iNE7i sec. 33 ________ do ______________ _ 
18 _________ NW;iSW;i sec. 35 ________ do _____________ _ 
19 _________ SE;iNW;i sec. 13 _____ Penitentiary _______ _ 
20 _________ SE;iNE;i sec. 13 __________ do _____________ _ 
21_ ________ NE;iNE;i sec. 13 _________ do ______________ _ 
22 _________ NW;iNWX sec. 29 ___ Mendota. __________ _ 

23 _________ NW;iNW;i sec. 29 ________ do ______________ _ 
GS-DD_ _ _ NE;iSW;i sec. 29_____ do ______________ _ 

24 _________ SW;iNE;i sec. 35 __________ do ______________ _ 

25 _________ NE;iSE;i sec. 14 __________ do ______________ _ 

26 _________ NW;iSE;i sec. 36 _________ do ______________ _ 

27 _________ SE;iSE;i sec. 36 __________ do _____________ _ 
28 _________ NE;iSW;i sec. 18 ... ___ Black Bear(?) ______ _ 

Approximate 
thickness 

Feet Inches 

8 

7 10 
~ 5 

11 3 

13 10 
9 3 

11 10 
18 10 
25 6 

4 

8 10 
10 4 
3 7 
5 8 
4 9 
6 

7 
4 1 

8 

9 

3 

9 
1 

Remarks 

Monarch No. 1 mine. (Fords 
Prairie mine) 

Stoker mini\. 
Non-Pareil mine; caved. 
Wabfish mine; burned and 

caved. 
Richmond mine; caved. 
Prospect; just east of portal of 

Monarch No. 1 mine. 
Stoker mine; rock tunneL 
Poorly exposed in creek bed. 
Uppermost part of outcrop 

burned. 
Geological Survey drill hole 

DD; depth, 30ft. 
Railroad cut. 
Outcrop. 
Prospect; caved. 
Outcrop in creek bed. 
Sunshine mine No. 2; caved. 
Perth mine; brecciated by 

thru<;t faulting. 
Part of Perth mine(?); caved. 
Geological Survey drill hole 

DD; depth, 350ft. 
Small prospect; bed displaced 

by east-west fault. 
Boxer mine, flooded. Bed ex-

posed at portal. 
Outcrop, bed similar to that 

mined at Royal mine. 
Outcrop. 
Prospect; flooded and partly 

caved. 
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T. l5 N., R. 1 W. 

The Skookumchuck fonnation in T. 15 N., R. 1 W. (pl. 6) contains 
all the workable coal beds known in the Centralia-Chehalis district ex­
cept the three above the Tono No. 1 bed. The coal-bearing rocks un­
derlie most of the township and are absent only in the extreme north­
eastern and southeastern corners where older volcanic rocks crop out. 
The low flat-topped hills of the township are capped with gravels of 
the Logan Hill formation, which conceal large areas of coal-bearing 
rock. The Tono basin is the 1najor structural feature in the area, and 
relatively detailed information concerning the distribution and char­
acter of the coal beds is available from test holes, prospects, and mines. 

The Tono No. 1 bed is the most extensively mined bed in the town­
ship, and the Tono mine, which mined this bed, has produced more 
coal than any 1nine in the district. As of January 1952, the Tono and 
Black Prince were the only mines operating in this township; both 
worked To no No. 1 bed. 

The Tono No. 1 bed is composed of good quality coal and underlies 
most of sec. 21 and parts of sees. 20 and 28. In these sections the bed 
1naintains a rather uniform thickness of 14 to 18 feet. In most lo­
calities the roof is friable sandstone, requiring 2 to 6 feet of coal 
to be left for support. 

The lTpper Thompson bed underlies much of the township but has 
been mined only at the Freeburn mine in sec. 28, where it contains 
more than 12 feet of coal. Elsewhere in the township this bed ranges 
frmn 6 to 13 feet thick. 

The Big Dirty bed has been mined at the l{ and l{ strip pit in sec. 34, 
but this operation was abandoned because the bed dips steeply and 
contains many partings of tuffaceous siltstone. At this strip pit the 
Big Dirty bed contains about 17 feet of coal, but the thickness of 
coal varies throughout the township, ranging from 2 to 29lf2 feet, 
depending upon the amount of partings. 

Strip mining has been employed at the Penn-Bucoda strip pits in 
sec. 18 \Vhere about 9 feet of coal was mined from the Smith bed. The 
Belle Slope mine in sec. 34 and several small prospects elsewhere in 
the township were located on this bed. 

The Penitentiary bed is known from Geological Survey drill holes 
B and I and surface exposures in the western part of the township, 
and has been mined at the Quality mine in sec. 8. Where measured, 
it was 3 to 41;2 feet thick. This bed is probably of minor commercial 
value as it contains more than 3 feet of coal in only a few places. 

The Mendota bed underlies n1uch of the township and was found 
in Geological Survey drill holes B, D, and /. It was mined at the 
Royal strip pit in sec. 30 and at the Skookumchuck 1nine in sec. 8 . 
.. A.t both n1ines the bed contains about 8 feet of coal with several 
tuffaceous siltstone partings. 
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In addition to the beds listed above, the Lower Thompson and Little 
Dirty beds crop out and have been prospected at several localities 
but are usually of little commercial value. A coal bed 41;2 feet thick 
was found at depth in Geological Survey drill hole J. This bed is 
tentatively correlated with the Black Bear bed, but it does not contain 
a commercial thickness of coal in this township. 

Coal localities in T.15 N., R. 1 W. 

Map 
reference 

Approximate 
thickness 

Location Coal bed Remarks 

Feet Inches 
--------[-----------------1----------------l--------------------------------
TC-2__ ____ SWUNEU sec. 14 _____ D and F____________ 4 

TC-L_ ____ SE34SE34 sec.11 ___________ do ______________ _ 

WU-4 _____ NEUNEU sec. 14 __________ do. ------------·· 3 

GS-E2 ____ NWUSWU sec. 24 _________ do_______________ 4 

29 •• _______ NWUNWU sec. 25 ________ do_______________ 4 
30 _________ SE;l4NE;l4 sec. 20 _____ Tono No.!__________ 16 
3L. _______ NEUNWU sec. 2L ••. ______ do_______________ 17 
32 _________ NWUSEU sec. 28 __________ do_______________ 14 
33--·-----· SWUNEU sec. 20 _____ Tono No.2__________ 5 

WU-2 _____ NWUNWU sec. 2L. ______ do_______________ 4 

34 _________ SWUSWU sec. 27 __________ do_______________ 2 
35 _________ SW;l4SWU sec. 28 _____ Upper Thompson___ 16 
WU-2 _____ NWUNWU sec. 2L .. _____ do_______________ 5 

WU-L ___ NWUNWU sec. 2L •. _____ do_______________ 11 

TC-L____ SWUNEU sec. 14.. ________ do_______________ 12 

TC-L_____ SE34SE34 sec. ll ___________ do_______________ 13 

WU-4 _____ NEUNEU sec. 14 _________ .do_______________ 11 

TC-3 ______ NEUNWU sec. 24 _________ do_______________ 11 

'VU-5 _____ SEUNWU sec. 24 __________ do_______________ 11 

36 _________ NW;l4NE34 sec. 36... ______ do_______________ 10 
37 •• _______ NWUNEU sec. 36 _________ do_______________ 6 
38 _________ SWUNW;l4 sec. 20 ____ Lower Thompson___ 6 
WU-2 _____ NWUNWU sec. 2L ______ do_______________ 9 

WU-L ____ NW;l4NW34 sec. 2L. ______ do_______________ 10 

39 _________ NEUNWU sec. 33 __________ do_______________ 5 
40 _________ NWUNE;l4 sec. 33---- _____ do_______________ .'i 
4L ________ SWUNEU sec. 22 __________ do_______________ 6 
TC-3 ______ NEUNW;l4 sec. 24 ________ _do_______________ 8 

WU-5_____ SEUNW34 sec. 24 __________ do ______________ _ 

42 _________ NW;l4NE34 sec. 36 _________ do_______________ 9 
43 _________ SE;l4SW34 sec.18 _____ Big Dirty___________ 20 
GS-C2 ••.• NEUNWU sec. 19 _________ do_______________ 16 

WU-3 _____ SWUNWU sec. 20 ... ______ do_______________ 36 

GS-I_ _____ SWUSWU sec. 33 _____ Big Dirty----------- 38 

WU-L ___ NWUNWU sec. 2L .. _____ do_______________ 22 

44_ -------- SW;l4SE34 sec. 33. _________ do________________ 6 
45 _________ SWUNE;l4 sec. 33 __________ do_______________ 6 
GS-M_____ NEUSWU sec. 15 __________ do_______________ 22 

46 _________ NW;l4SW;l4 sec. 34 ...... _____ do_______________ 7 
47 _________ NE;l4SWU sec. 34 _____ .... .do_______________ 25 

GS-D _____ SWUNEU sec. 15 _____ . ____ do.______________ 8 

Thompson Creek drill hole 2; 
depth, 167 ft. 

8 Thompson Creek drill hole 1; 
depth, 182 ft. 

6 Washington Union drill hole 4; 
depth, 201 ft. 

6 Geological Survey drill hole 
E2; depth, 521 ft. 

Outcrop. 
11 Tono mine. 
11 Strip pit. Tono mine. 
8 Black Prince mine. 

Prospect; caved. Bed exposed 
at portal. 

Washington Union drill hole 2; 
depth, 71 ft. 

11 Outcrop in small ravine. 
8 Freeburn mine; caved. 

Washington Union drill hole 2; 
depth, 275ft. 

6 Washington Union drill bole I; 
depth, 241 ft. 

4 Thompson Creek drill hole 2 
363ft. 

4 Thompson Creek drill hole 1 
depth, 398ft. 

Washington Union drill hole 4; 
depth, 426 ft. 

5 Thompson Creek drill hole 3 
depth, 191 ft. 

W asbington Union drill hole 5 
depth, 62 ft. 

8 Prospect trench; caved. 
6 Do. 
4 Railway cut. 

Washington Union drill hole 2; 
depth, 360ft. 

Washington Union drill hole I; 
depth, 335ft. 

Outcrop in small ravine. 
2 Outcrop. 
1 Outcrop in creek bed. 
4 Thompson Creek drill hole 3; 

depth, 288 ft. 
6 Washington Union drill hole 5; 

depth, 148ft. 
4 Prospect trench; caved. 
1 Prospect; good exposure. 
1 ~2 Geological Survey drill hole C2; 

depth, 23 ft. Upper part of 
bed removed by erosion. 

4 Washington Union drill bole 3; 
depth, 235ft. 

6 Geological Survey drill hole I; 
depth, I46 ft. 

3 Washington Union drill bole I 
depth, 65I ft. 

8 Outcrop; base unexposed. 
37'2 Outcrop; base unexposed. 
3 Geological Survey drill bole M; 

depth, 202ft. 
7 Prospect trench; partly caved. 

K and K strip pit; flooded and 
caved. 

4 Geological Survey drill bole D; 
depth, I39 ft. 
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Coal localities in 'T. 15 N., ll. 1 TV.-Continued 

Map 
reference Location Coal bed 

Approximate 
thickness 

Feet Inches 

Remarks 

-------------------------1------------
WU-5 _____ SEUNW%' sec. 24 _____ Big Dirty __________ _ Washington Union drill hole 5; 

depth, 438 ft. 
48 _________ NWUNWU sec. 18 ___ Little Dirty ________ _ 
WU-3 _____ SWy4NW%' sec. 20 _________ do ______________ _ 

5 Prospect; partly caved. 
8 11 Washington Union drill hole 3; 

GS-B_ ____ NWUSEU sec. 8 ___________ do ______________ _ 

GS-L____ SWUSWU sec. 33._ ________ do_. ____________ _ 

depth, 336ft. 
4 Geological Survey drill hole B; 

depth, 67 ft. 
11 Geological Survey drill hole I; 

depth, 229ft. 
49 _________ NWUSWU sec. 23 _________ do _____________ _ 
50 _________ SWUNWU sec. 18. ___ Smith ______________ _ 
5L_______ NWUNWU sec. 18 ________ do _____________ _ 
GS-B_ ____ NWUSEU sec. 8 ___________ do _____________ _ 

3 4 Outcrop in creek bed. 
10 Penn-Bucoda strip pit, No. 2. 
9 9 Penn-Bucoda strip pit, No. 1. 
9 7 Geological Survey drill hole B; 

depth, 125 ft. 
GS-L _____ SWUSWU sec. 33 _________ do _____________ _ 

52 _________ NEUSWU sec. 34 __________ do ______________ _ 
GS-D _____ SWUNEU sec. 15 __________ do ______________ _ 

7 Geological Survey drill hole I; 
depth, 288 ft. 

10 10 Belle Slope mine; flooded. 
12 2 Geological Survey drill hole D; 

53 _________ NWUNWU sec. 26 ________ do ______________ _ 11 2 
depth, 350ft. 

Outcrop in ravine. 
54 _________ NWUSWU sec. 26 _________ do ______________ _ 7 8 Prospect. 
55._--_____ NEUNEU sec. 3L___ Penitentiary _______ _ 
56 _________ SWUNWU sec. g __________ do _____ · ________ _ 

GS-B_ ____ NWUSEU sec. g ___________ do_--------------

4 Prospect; caved. 
4 6 Quality mine, caved. Bed ex-

posed at portal. 
4 Geological Survey drill hole B; 

GS-1_ _____ SWUSWU sec. 33 _____ - ____ do ______________ _ 10.~-f 
depth, 291 ft. 

Geological Survey drill hole I; 

57 _________ NEUSWU sec. 30 ____ . Mendota ___________ _ 10 3 
depth, 499 ft. 

Royal strip pit; bed poorly 

58 _________ NWUNWU sec. s _________ do ______________ _ 
GS-B_ ____ NWXSEX sec. s ___________ do ______________ _ 

GS-l_ _____ SWUSWU sec. 33 __________ do ______________ _ 

GS-D _____ SWUNEU sec. 15 __________ do ______________ _ 

exposed. 
9 Skookumchuck mine; caved. 
9 Geological Survey drill hole B; 

depth, 441 ft. 
10 Geological Survey drill hole I; 

depth, 625 ft. 
Geological Survey drill hole D; 

GS-J ______ NEUSWU sec. 30 _____ Black Bear__ ______ _ 
depth, 537ft. 

Geological Survey drill hole J; 
depth, 991 ft. 

T. 15 N., R. 1 E. 

All except the southwestern part of T. 15 N., R. 1 E. (pl. 6) is 
underlain by rocks older than the coal-bearing formation. The upper 
coal group crops out along the southern parts of the Thompson Creek 
and Snyder Creek synclines. Only three minable coal beds are be­
lieved to be present in this township as the beds in the lower part of 
the upper coal group thin and decrease in value east of the Tono 
basin. In this to·wnship the coal-bearing rocks onlap older volcanic 
flows and coarse-grained clastic rocks, which crop out east of Thomp­
son Creek. They probably occupy the san1e stratigraphic position as 
the lower part of the upper coal group farther west. 

Considerable prospecting but little exploitation work has been done 
in sees. 18, 30, 31, and 32. Only two small n1ines operated in this 
area; the D and F mine on the D and F bed, and the Majestic mine 
on the lTpper Thompson bed, both in sec. 18. The D and F bed was 
measured at one locality and contained more than 5 feet of coal. This 
bed may be a correlative of the Tono No. 1 bed to the west. The 
Upper Thompson bed crops out and has been prospected at many 
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points; 17 measurements have been made on this bed, which ranges 
frmn about 8 to 16 feet thick. The bed usually contains many tuffa­
ceous siltstone partings which would n1ake mining operations difficult. 
Good quality coal is found in this bed in sec. 31, but it has not been 
1nined because of the inaccessibility of the area. , 

The Lower Thmnpson and the Big Dirty . beds wer~ measured at 
several localities along the east li1nb of the Thompson Creek syncline, 
and although the beds range in thickness from 6% to' a little more 
than 7 feet they contain abundant partings and are of little cmn­
mercial value. However, in the extreme eastern part of the town­
ship, along the west limb of Snyder Creek syncline, these beds are 
probably of better quality. 

Coal localities in T. 15 N., R. 1 E. 
-------------~------~---~--------------~--------~-------~------------

Map 
reference Location Coal bed 

Approximate 
thickness 

Feet Inches 

Remarks 

--------~------~ ~----------~- -----1---------------·----

59 _________ NWXSW~.l sec. 1L __ D and F_ __ _ 

60 _________ SEXSWX sec. 18 _____ Upper Thompson __ _ 

6L ________ NE7'4SWJ,.{ sec. 30 _________ do _____________ _ 
62 _________ NEXSW~ sec. 30 __________ do ______________ _ 

63 _________ NWXSWX sec. 30 .... _____ do ... ___________ _ 

64_ ________ NWX~EX sec. 30 _________ do _____________ _ 
65 ________ NW;liSEX sec. 30 __________ do _____________ _ 
GS-G .... _ NW;liSE~i sec. 30 .... ______ do. ____________ _ 

66. ________ NWXSEX sec. 30 ..... ____ do _____________ __ 
67__ SWXNE;\4 sec. 30 __________ do .... __________ _ 
68_ -------- SE}4'r>.JEX sec. 3L _________ do ______________ _ 
69 _________ SEXSE~ sec. 3L __________ do _____________ __ 
70_____ SEXSEI,i sec. 3L _________ do ______________ _ 
7L ____ ... NEXKEX sec. 3L .. ______ do .... _________ _ 

72 .. ---

73_ ---

NWXSWX sec. 32._ _______ do .... _________ _ 

NW3iSW3i sec. 32 .. ______ do .... _________ __ 

74 .. ______ I NEXNWU sec. 32 .. ______ do .... ______ _ 

75 .. --- SEUNWX sec. 32.. .. _____ do ________ _ 

GS-G _____ NWUSE:4' sec. 30 ..... Lower Thompson __ _ 

76 _____ . ... NEXSWX sec. 32.. ........ do _____________ __ 
77 ........ __ NWXSE;\4 sec. 32.. .. _ Big Dirty ______ _ 

12 

9 
12 

10 

12 
8 

10 

11 
8 
9 

12 
10 
10 

8 

13 

Hi 

10 

6 

6 
7 

T. 14 N., R. 4 W. 

D and F mine. Flooded, dilfl­
cultly accessible. 

9 Barber prospect. Trench lo­
cated south of portal of Ma­
jestic mine. 

1 Outcrop in small ravine. 
2 Prospect tunnel, not located 

with certainty. Inaccessible. 
2 Good exposun' along Snyder 

Creek. 
6 Prospect tunnel. Inaccessible. 

11 Faced outcrop in ravine. Geo-
5 logical Survey drill hole G, 

depth, 271 feet. 
11 Prospfct. Faced outcrop. 
9 Prospect. Inaccessible. 
5 Prospect. 'Faced outcrop. 
1 Outcrop in ravine. 
8 Outcrop, well exposed. 

Prospect, flooded. Base not 
exposed. 

4 Faced outcrop. 'l'op not ex­
posed. 

11 Faced outcrop; base not ex­
posed. 

2 Poor outcrop; measurement 
uncertain. 

1 Prospect trench. Base not ex­
posed. 

10 Geological Survey drill hole G; 
depth 352 feet. 

5 Prospect. Base not exposed. 
2 Outcrop. Dirty coal and bone. 

Strata of the Skookumchuck formation that crop out h1 T. 14 N., 
R. 4 W. (pl. 6) are composed largely of offshore matine rocks, and 
only one coal bed of commercial thickness is known. ·~·A bed 5 feet 3 
inches thick was cored in Geological Survey drill hole X, at a depth 
of 230 feet, and it is tentatively correlated with the Mendota bed. 
It has not been observed at the surface, but a caved prospect about 

. ~,000 feet north of drill hole X is probably located ·6n 'the bed. No 
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coal beds of commercial thickness were found west of Deep Creek 
and this creek marks the approximate western boundary of minable 
coal in the southwestern part of the mapped area. 

T. 14 N., R. 3 W. 

Correlation of coal beds exposed in T. 14 N., R. 3 W. (pl. 6) with 
those that crop out east of the Chehalis River can be only tentatively 
made, as outcrops of coal are rare and 1nany of the beds have lost 
their identifying physical characteristics. Therefore, names of the 
coal beds in T. 14 N., R. 3 W. have been assigned on the basis of their 
stratigraphic positions. 

Strata of the Skookumchuck formation are exposed throughout 
most of this township; however, these beds are largely offshore marine 
facies occurring in the lower part of the formation and coal beds 
of commercial thickness are found only in the near-shore facies in 
the upper part of the formation that crops out along the flanks of the 
Lincoln Creek uplift. Many of the coal beds exposed west of the 
Chehalis River are not of commercial thickness because they thin 
and grade westward into fine-grained clastic rocks. 

The Tono No. 1 bed crops out only along the south side of the 
Lincoln Creek uplift and has been prospected in sees. 22 and 23. 
This bed is 6% feet thick where measured in a tributary to Coal 
Creek in the SW:JU sec. 23, and is 4lj2 feet thick 1 mile farther west 
in the SW% sec. 22; west of this point the bed is too thin to be mined. 
The Tono No. 1 bed has been inferred as being present north of the 
Salzer Creek fault in sees. 23 and 24, and along the north side of the 
Lincoln Creek uplift in sees. 3, 11, 12, and 13, however, no outcrops 
were seen in these areas as the bed is covered by Quaternary deposits 
and alluvium. 

The Upper Thompson bed was observed only in exposures along 
the south side of the Lincoln Creek uplift where it has been pros­
pected and mined in sees. 22 and 23. On the north side of the uplift 
in the SW% sec. 13, a caved prospect is probably on the Upper 
Thompson bed; its reported thickness is 5 feet. Along the south side 
of the uplift, the Upper Thompson bed contains about 7 feet of coal 
where measured in sec. 23, and a similar thickness has been reported 
frmn the Crescent No. 2 mine in the SW%, sec. 22. At both these 
localities the bed contains several thick siltstone partings ·which limit 
its conunercial use. 

Coal has been mined from the Mendota bed at the Crescent No. 1 
1nine in sec. 22, and this bed is also kno,-vn from incomplete ex­
posures near Coal Creek. The bed is reported to contain 12 feet of 
clean coal at the Crescent mine and is characterized by many tufface­
ous siltstone partings. The only exposure of the ~:fenclota bed on 
the north side of the uplift is a prospect in sec. 14; at this locality the 
bed contains only about 4 feet of coal. 
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Coal localities in T.14 N., R. 3 W. 

Map 
reference 

Approximate 
thickness 

Location Coal bed Remarks 

Feet Inches 

78 _________ SW.!4SW.!4 sec. 22 _____ Tono No.!__________ 4 

79 _________ SW.)4SW.J4 sec. 23 __________ do_______________ 6 
so _________ NE.!4SW.!4 sec. 2Q _____ Upper Thompson___ 2 

GS-CH3 __ NW.!4SE.!4 sec. 20 __________ do_______________ 2 

81_ ________ SE.!4SE.!4 sec. 20 ___________ do_______________ 3 
82 _________ SW.!4SW.!4 sec. 22 __________ do_______________ 9 

83 _________ SW.)4SW.!4 sec. 2L ________ do_______________ 2 
84_ ________ SW.!4SW.!4 sec. 23 __________ do_______________ 11 
85 _________ NE.!4SE.!4 sec. 2Q _____ Mendota____________ 4 
86 _________ SW.!4SW.!4 sec. 22 __________ do_______________ 12 

87 _________ SW.!4SW.!4 sec. 23 __________ do ______________ _ 

88 _________ SE.)4SW.!4 sec. 23 __________ do ______________ _ 

89. ________ NE.!4SW.!4 sec. 14 __________ do ______________ _ 

'J:,, 14 N., R. 2 W. 

8 Also known as "6-foot bed" at 
Crescent mine. 

6 Outcrop; clean coal. 
7 Outcrop; correlation question­

able. 
4 Geological Survey drill bole 

CH3; depth 142 feet. 
4 Outcrop; little value. 
7 "8-foot bed" at Crescent No. 2 

mine. 
11 Outcrop; many partings. 

Outcrop partially exposed. 
Outcrop; dirty bed. 

10 "10-foot bed" at Crescent No. 1 
mine. Not exposed. 

Outcrop, incompletely exposed; 
pumiceous partings. 

10 Outcrop. Same bed as locality 
No. 87; partially exposed. 

8 Flooded prospect. Low dip 
near anticlinal axis. 

The coal-bearing Skookumchuck formation is exposed in three 
separate areas in T. 14 N., R. 2 W. (pl. 6) :in the northeastern part, 
along the Kopiah fault; in the vicinity of Salzer. Creek; and in the 
vicinity of Coal Creek. Five major coal beds have been recognized 
in this township and these beds have been prospected and mined at 
1nany localities; however, most of this work was undertaken in the 
early 1900's and many of the openings on the beds are now caved. 

COAL IN THE NORTHEASTERN PART OF THE TOWNSHIP 

The upper coal group trends in a northwesterly to westerly direc­
tion across the northeastern part of the township, roughly paralleling 
the trace of the J{opiah fault. The dip of the beds is nearly vertical 
along the south side of the fault, but the beds have a gentler dip 
north of the fault and in sec. 12, which is about a mile south of the 
fault. The area has been well prospected and many small water­
level mines have excavated the beds in sees. 2, 3, and 12. However, 
only a few truck loads of coal have been mined in this area during 
recent years. The three largest mines in this part of the township 
are the .Florence and Eureka mines, in sec. 2, and the Potlatch mine 
in sec. 3. Exposures of coal beds are rarely found because their out­
crops have been mined or prospected, and these openings are now 
caved. The Potlatch and the Eureka mines apparently worked the 
To no No. 1 bed, which is 8~ feet thick where measured and contains 
6lh feet of coal. 

The Upper Thompson bed is not known with certainty in this 
area, but a partly exposed bed in a similar stratigraphic position 
was measured at one point and contained 3 feet 2 inches of brecciated 
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coal. No outcrops of the Big Dirty bed ·were found in the north­
eastern part of the township as this bed is cut out by the Kopiah fault 
in sees. 1, 2, and 3. The Big Dirty bed is undoubtedly present at 
depth south of the fault as it crops out immediately north of the 
township. Culver (1919, p. 77) described a prospect containing 5lf2 
feet of coal in the NE:!4 sec. 3; this bed is tentatively correlated with 
the Upper Thompson bed. The Florenee 1nine is believed to be on the 
Mendota bed, which is exposed north of the l{opiah fault. This bed, 
which has been seen in two localities, contains 5 feet of coal and is 
characterized by two 6- to 12-inch partings of tuffaceous siltstone. 

The Lucas bed crops out a few feet below the base of the Lincoln 
formation and has been prospected at several places in the NE:!4 
sec. 12. ..A. few wa:gon ioads of coal were mined on the Towner place; 
however, this bed contains only 3 feet of coal and is of little com­
lnercial value. 

COAL IN THE VICINITY OF SALZER CREEK 

A small northwest plunging anticlinal fold brings the coal beds to 
the surface in sees. 22 and 23. The Golden Glow bed, which was 
1nined at the Golden Glow No. 1 mine, was 1neasured at one loeality 
and contained 3lf2 feet of coal. in two benches, separated by 12 inches 
of bone. This bed has been prospected extensively in the NW1;4SW14 
sec. 23 where it occupies a small shallow basin. The overburden in 
this area is thin, and a part of the Golden Glow bed 1nay be 1ninable 
by stripping. l\{ost of the mining ·was on the To no No. 1 bed, and 
the Salzer Valley l{ing, Gibson, Sunshine No. 1, T and T, and 
Golden Glow No. 2 1nines worked this bed in the past. The Tono 
No. 1 bed was 1neasured at 3 localities and consists of 5 to 7 feet of coal. 
The coal is of good quality, but at the T and T 1nine it was reported 
to have a sulfurous odor when burned. There was no 1nining in 
this part of the township in 1951. 

COAL IN THE VICINITY OF COAL CREEK 

An area of rather extensive mining was forn1erly centered about 
the lower valley of Coal Creek, in sees. 20, 28, 29, and 33. The mines 
in this area were favorably located in that they were less than 5 miles 
from markets in Centralia and Chehalis; however, in January 1952 
none of the mines in this area were in operation. The coal beds of 
the upper coal group are exposed along the limbs and southeastward 
plunging nose of the Chehalis anticline. 

A coal bed 5lf2 feet thick and containing 4 feet 7 inches of coal was 
found in Geological Survey drill hole F and is believed to be equiva­
lent to the Golden Glow bed. This bed was also mined at the Leonard 
1nine in sec. 28. 

The Tono No. 1 bed has been mined at the Superior No. 2, Re­
liance, Sheldon, and Lincoln mines, and varies in thickness from 7 
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to 10 feet. The bed has an average thickness of about 7 feet of clean 
coal and contains few or no partings. Good exposures of this bed 
were measured at a prospect about 800 feet east of the Lincoln 1nine 
in sec. 20 (loc. 93) and in an unnan1ed slope in sec. 28 (loc. 94). The 
Sheldon 1nine in sec. 33 is located on the Tono No. 1 bed, in the up­
thrown block south of the Chehalis fault. 

The Superior No. 1 and Twin City mines in sec. 29 were operated 
on the Upper Thompson bed, which in this area contains 1nore than 
8 feet of coal with many thin siltstone partings. At the Twin City 
mine only the lower part of this bed was 1nined. The Upper Thomp­
son bed has also been measured at an outcrop in sec. 28 and at this 
locality the upper part of the bed consists chiefly of bony coal. 

No outcrops of the Mendota bed have been observed in the vicinity 
of Coal Creek, but the presence of this bed is inferred because it oc­
curs in nearby areas. 

Coal localities in T.14 N., R. 2 W. 

Map 
reference 

Approximate 
thickness 

Location Coal bed Remarks 

Feet Inches 

90 _________ CenterNE;lisec.l2 ___ Lucas_______________ 4 
Gs-v _____ NE;liNE;lisec.33 _____ GoldenGlow________ 5 

9L ________ SW;\iSW:\4 sec. 23 __________ do_______________ 4 

92 _________ SW:\iNW:\4 sec. 29 ____ Tono No.!__________ 9 
93 _________ SE;liSE% sec. 20 __________ do_______________ 7 
94 _________ SW;\iNE:\4 sec. 28 __________ do_______________ 7 

95 _________ NW;\iSE:\4 sec. 28 __________ do_______________ 6 
96 _________ SE:\iNE% sec. 33 __________ do___ ___________ 8 
97 _________ SE:\iNE% sec. 22 __________ do_______________ 5 

98 _________ SW;\iSW:\4 sec. 23 __________ do ______________ _ 

99 ___ : ______ SW;\iSW% sec. 23 _________ do_______________ 5 
100 ________ SW;liNW;li sec. 2 __________ do_______________ 8 
10L _______ SE:\iSW:\4 sec. 23 __________ do ·------------- 6 
102 ________ SE;\iNE:\4 sec. 29 _____ Upper Thompson___ 9 

103 ________ NE;liSE% sec. 29 __________ do_______________ 4 
104 ________ SE;\iNW:\4 sec. 28 __________ do.______________ 9 

105 ________ NE:\iNE:\4 sec. 3 ___________ do_______________ 6 

106 ________ SE;\iNW:\4 sec. 2 ___________ do_______________ 5 

107 ________ NW:\iNW:\4 sec. 2 ____ Mendota____________ 7 

108 ________ NW;\iNE:\4 sec. L ________ do______________ 8 

T. 14 N., R. 1 W. 

Towner prospect; caved. 
Geological Survey drill hole l~· 

depth, 560 ft. Correlation 
tentative. 

10 Golden Glow No. 1 mine; 
caved. 

10 Superior No. 2 mine; caved. 
4 Prospect. Accessible. 
5 Unnamed slope near Reliance 

No.1 mine. Accessible. 
11 Reliance No.1 mine; caved. 
3 Sheldon mine; caved. 

10 Salzer Valley King mine; 
caved. 

2 Golden Glow No. 2 mine; 
flooded. 

2 Sunshine No.1 mine; caved. 
6 Prospect; accessible. 
3 T and T mine; partly caved. 
8 Twin City mine; caved. 

Mined lower part of bed. 
5 Superior No.1 mine; caved. 
5 Outcrop in canyon west of 

Reliance No. 1 mine. Ac­
cessible. 

6 Prospect described by Culver; 
correlation tentative. 

7 Outcrop partly exposed. Brec­
ciated. 

1 Outcrop inaccessible; many 
partings. 

2 Prospect; coal weathered. 

The upper coal group is thickest in the northwestern part of the 
T. 14 N., R. 1 W. (pl. 6) and 10 different coal beds are exposed 
along the limbs of the Mendota syncline and the southwestern side 
of the Kopiah fault. The coal-bearing rocks are folded into narrow 
northwestward-trending anticlines and somewhat broader synclines. 
Movement on the Kopiah reverse fault, which trends diagonally 
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across the township and follows the axis of a former anticline, cuts 
out a part of the upper coal series and steepens the dip of the beds 
along the down thrown side. 

The Lucas and Bear Creek beds, which occur near the top of the 
upper coal group, crop out and have been prospected in the extreme 
southwestern part of the township. The outcrops of coal beds are 
generally inaccessible, but detailed examinations were made at several 
localities on the south side of the valley of the N ewaukum River in 
sees. 25 and 26, and along Bear Creek in sees. 26 and 36. A few tons 
of coal have been mined from these beds by the local ranchers for 
fuel, but the nature of the beds examined indieates the coal is of sub­
commercial value. 

The To no No. 1 bed crops out south of the Kopiah fault but has been 
removed by erosion north of the fault except in the down-faulted 
block south of the North Fork of the N ewaukum River. This bed 
has an average thickness of 9% feet, which is largely good quality 
coal. The Old Monarch 1nine in sec. 17 was the largest mine in this 
township to operate on the Tono No. 1 bed. The Empress mine in 
sec. 8 also worked the To no No. 1 bed, and Geological Survey 
drill hole l{ just northwest of this mine penetrated the bed. The 
only mining clone on the To no No. 1 bed south of South Hanaford 
Creek was at the Shaeffer prospect in sec. 26; the bed is well-exposed 
in the stremn bed of the N ewaukum River in this sa1ne section. 

The lT pper Thompson bed is exposed in a few places along the 
soutlnvest side of the l{opiah fault and has been worked at the Black 
Badger Inine 'vhich is located in a small syncline in sec. 6. The bed 
is a little more than 10 feet 5 inehes thick in this n1ine and contains 
i~ feet of eoal. The Lower Thompson bed also oecurs along the 
southwest side of the l{opiah fault but has not been mined beeause 
of its poor quality. Only several prospects in sec. 9 are known to 
be on this bed. 

The Big Dirty bed is one of the most widespread beds in this 
township and its physical characteristics make it the best strati­
graphie marker in the upper eoal group. No mines are loeated on 
this bed, but several prospects near Mendota and l{opiah tested it. 
The total thickness of the bed is as nnlCh as 23 feet 7 inches; how­
ever, about one-half of this thickness is partings. Some coal was 
mined at the Gumbo prospects in sec. 10, and a part of the bed may 
be strippable in this area as the overburden is probably thin. 

The Smith No. 3 mine, immediately south of Mendota, worked 
the Smith bed. In this mine the bed varied considerably in thiek­
ness, owing to channelling in the upper part of the bed. Many small 
faults offset the bed and bony masses rieh in limonite or pyrite 
eommonly oecur in the coal. 

The J\fendota bed in this area supported two of the largest mines 
in the Centralia-Chehalis district, the Mendota and l{opiah mines. 
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Between these two mines, the Columbia mine also operated on the 
same bed. Where measured, the bed has an average thickness of 
about 10 feet, mostly coal. More coal has been mined from this bed 
than any other coal bed in the township. The bed commonly con­
tains disseminated tuffaceous n1aterial that forms an undesirable 
fused slag in some types of eoa] stokers. 

Coal localities in T. 1-1 N., R. 1 lV. 

Map 
reference Location Coal bed 

Apprmrimate 
thickness 

Ff'et Inches 

Remarks 

---- ---------1----------- ------------------
109 ________ SW~NW~ sec. 25 ____ Lucas ___________ _ 

110 ________ NE~SE~ sec. 36 __________ do ______________ _ 

GS-K _____ NE~SE% sec. 7 ______ Golden Glow?_ _____ _ 

11L _______ SEX:NE% sec. 26 _____ Bear Creek ___ _ 

112 ________ NW~SW!4 sec. 25. ________ do ________ _ 

113 ________ NW~N"W% sec. 36 ________ do ______________ _ 
114 ________ SEX:SWX: sec. 35 __________ do ________ _ 

GS-K _____ NEX:SE% sec. 7 ______ Tono No.!_ _______ _ 

115 ________ SEX:NE% sec. 17 __________ do ______________ _ 

116 ________ SE~NW% sec. 22__ ________ do ______________ _ 
117 ________ NW%1\J"E% sec. 26. ________ do. _____________ _ 
118 ________ SW~SE~ sec. 23 __________ do. ___________ _ 

119_______ NWX:NW~ sec. 6___ Upper Thompson __ _ 

120 ________ NW~NW~ sec. 6 _________ do _____________ _ 
GS-K _____ NEX:SE~ sec. 7 ___________ do ______________ , 

121 
122 
123_-
124_ 
125_-
126 __ ------
127_- ------

NWX:SW~ sec. 9 ____ Lowf'r Thompson __ _ 
NWX:NW~ sec. 6 ____ Big Dirty __________ _ 
SE~::"<JW~ sec. 6------ _____ do. _____________ _ 
NW~NE% sec. 16. ________ do _____________ _ 
SW~SE~ sec. 4 ___________ do ______________ _ 
sw~sw~ sec. lQ __________ do ______________ _ 
SW~NW~sec. 10 __________ do _____________ _ 

128 ________ NW~NE~ 8ec. 2. _________ do ______________ _ 

129 _______ sw~sw~ spc lQ _____ Little Dirty ________ _ 
130 ________ SW~NE~ sec. 6 ______ Smith ______________ _ 

13L _______ NE~SW~ sec. 9 ___________ do ______________ _ 

132 ________ SEX:SW~ sec. 9 ___________ do ________ _ 

133 _______ NvV~NE~ sec. 9 _________ do _______ _ 
13L _ NWX:NWU sec. 10 ________ do ________ _ 

135 __ ----- swusw~ sec. 3 __________ _do ______________ _ 
136. _______ NE~SWX: sec. 3 ___________ do. ____________ _ 

137 ________ SEUNWU sec. 15 __________ do. ____________ _ 
138 ________ NEUSE% sec. 10 __________ do ______________ _ 
139 ________ SEUSWU sec. 14 __________ do ______________ _ 

140_. ------ SEUNE~ sec. 23 __________ do ______________ _ 
141_ _______ NE%NW!4 Sf'C. 24 ________ do ______________ ,_ 
142 ________ NE~NW~ sec. 10 ___ Mendota __________ _ 
143 ________ NEUSW% sec. 3 ___________ do _____________ _ 
144 ________ NE~SW}i ser. 3 ___________ do ______________ _ 
145 ________ NW%NE% sec. 3 _________ do ___________ _ 

146 ________ NW%::"-JE%szc. 24 _______ _do ______________ _ 

442728-58--10 
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6 
4 

5 
12 
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10 

1l 
7 

8 
18 
20 
18 
7 

23 
8 

.5 
8 

11 

6 
5 

6 
5 

4 
4 
5 

5 
5 
9 
9 

10 
8 

10 

3 Accessible. Faced outcrop in 
small ravine. 

8 Outcrop; somewhat difficult to 
reach. 

10 Geological Survey drill hole 
K, depth, 2.3 ft. 

9 Small strip pit. Readily ac­
cessible. 

2 Outcrop in ravine; no present 
value. 

5 Accessible; very bony. 
Outcrop in creek bed; access­

ible. 
2 Geological Survey drill hole 

K, depth, 110 ft. 
7 Old Monarch mine; inaccess-

ible. 
8 Outcrop; partly exposed. 
1 Good outcrop in stream bed. 
9 Exposure along abandoned 

logging grade. 
Black Badger mine, caved. 

Bed exposed at portal. 
9 Outcrop in ravine; accessible. 
6 Geological Survey drill hole 

K, depth, 525 ft. 
4 Prospect trench; partly caved. 

Outcrop in ravine. 
3 Faced outcrop in ravine. 
6 Prospect trench; accessible. 
1 Outcrop in ravine; very bony. 
7 Outcrop; poorly exposed. 
1 Gumbo prospects caved. Par­

tial section measured at 
portal. Reported to be 17 ft 
thick. 

Prospect, top and bottom of 
bed not exposed. 

6 Prospect. Inaccessible. 
8 Outcrop in ravine; coal brec­

ciated. 
Faced outcrop; bed is over­

turned. 
4 Prospect; base of bed not ex­

posed. 
7 Outcrop, poorly exposed. 

10 Smith No. 3 mine. AccesPible. 
Upper part of bed cut out by 
overlying sandstone channel. 

11 Outcrop in ravine. 
1 Faced outcrop, n€ar Mendota 

mine. 
2 Outcrop. Difficultly accessible 

10 Outcrop. Difficultly accessible. 
10 Exposure in abandoned logging 

grade. 
3 Faced outcrop. 
7 Do. 
7 Columbia mine. InaccessiblP. 

10 Mendota mine. Inaccessible. 
4 Do. 
2 Prospect. Not located with 

certainty. 
8 Prospect. Inacces~ible. 
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T. 14 N., R. 1 E. 

Rocks older than the coal-bearing fonnation are exposed in all but 
the extreme northwestern and southwestern parts of T. 14 N., R. 1 E., 
(pl. 6) and coal beds crop out only in the latter area. The Mendota 
bed is believed to be present in sec. 19, but outcrops of this bed have 
not been seen. There has been little prospecting and no develop­
ment of the coal beds in this township owing to the inaccessibility of 
the area of outcrop. Only two measurmnents of coal were made in 
this township, both on the Tono No. 1 bed, which contains 5'¥2 feet 
of coal. 

Map 
reference Location 

Goal localities in T. 14 N., R .. 1 E. 

Coal bed 

Approximate 
thickness 

Feet Inches 

Remarks 

147 ________ SWX(NEX( sec. 30 _____ Tono No. L________ 6 1 Difficultly accessible. Outcrop 
in ravine. 

148 ________ SEX(SE~4 sec. 33 ___________ do ______________ _ 8 Difficultly accessible. Poorly 
exposed outcrop. 

T. 13 N., R. 1 E. 

The southeasternmost exposures of the upper coal group are in 
sees. 2, 3, 10, and 11, T. 13 N., R. 1 E. (pl. 6) where these rocks are 
poorly exposed along the limbs of the Mendota syncline. In this 
township the coal group contains only one 1najor bed which, on the 
basis of stratigraphic position, is tentatively correlated with the Tono 
No.1 bed. This bed has been 1neasured at two localities in sec. 10 and 
contains an average of about 6 feet of coal. A part of the bed in 
sec. 11 may be burned as a basalt sill occupies approximately the same 
stratigraphic position. 

Minable coal beds probably are present in the western and southern 
parts of the township but are buried under a thick cover of 
Quaternary deposits. 

Map 
reference Io~ation 

Goal localities in T. 13 N., R. 1 E. 

Coal bed 

Approximate 
thickness 

Feet Inches 

Remarks 

149 ________ SEX(NEX( sec. 10 _____ Tono No.!__________ 6 11 Caved prospect. 
150 ________ SEXNEX sec. ~o _________ do_______________ 5 8 Faced outcrop; base not ex· 

posed. 
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MICROSCOPICAL CHARACTER OF CENTRALIA­
CHEHALIS COAL 

By J. M. ScHoPF 

INTRODUCTION 

Coal of the Centralia-Chehalis district includes banded coal of 
subbituminous rank. Microscopic examination of hand specimens, 
taken fron1 eight coal beds in the district, shows the considerable 
variety of plant materials that enters into the composition of the coal. 
These include coarse woody remains that may be recognized mega­
scopically as vitrain, slight amounts of the friable charcoallike 
material knmvn as fusain, and attrital plant cmnponents and mineral 
impurities that cannot be identified without recourse to 1nicroscopic 
3tudy. The banded character of the coal evidently is due principally 
to the presence of the larger woody streaks; in smne instances mineral­
rich attritallayers, by their contrasting luster, 1nay also contribute to 
a banded appearance. 

The more finely textured coal, interspersed between vitrain bands, is 
known as attrital coal. It often has a n1icrostriated appearance but 
the individual particles composing it are very tiny. The particles 
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are of 1nany different kinds and for this reason attrital coal is nmch 
more variable than vitrain in its composition. It includes all plant 
products present in woody tissues that have been highly degraded, 
together with a highly varied assembly of 1naterials conunon to 
leaves and to the small plant parts. It also includes the remains of 
fungi responsible for partial decay, and substances that are too altered 
or degraded for botanical identification, although these often present 
a characteristic 1nicroscopic appearance that pennits comparative 
study. ..A .. mong such 1naterials opaque attritus is of greatest iln­
portance effecting utilization characteristics, but this component, like 
fusain, is virtually lacking in the speci1nens examined. Some waxy 
components, such as spore coats and plant cuticles, retain features 
by ·which they may be identified, but n1ost of the attrital coal in this 
suite of specimens also contains a1norphous waxes that evidently 
are not in their original form. Mobile waxy 1natter has frequently 
invaded plant tissues to serve essentially as an organic petrifying 
medium by protecting thmn frmn collapse under pressure. In none 
of the exan1ples do the waxes constitute as 1nuch as five pereent of 
the coal specimens, but no estimate of the amounts present in any 
of the coal beds should be ventured. These materials are the most 
apparent source of protobituminous substances in the coals and if 
they are present in a high enough concentration, commercial reeovery 
of the coal waxes might be feasible. 

The microscopic composition of the coal was determined by a study 
of thin sections. 

Maxinllnn definition and maxi1nmn effective color contrast in light 
t.ransmission occurs when subbituminous coal sections are prepared 
about ten or twelve microns thick (1 micron=about 1/25,000 of an 
inch) . Sections of greater thickness tend to show loss of visible detail 
in denser constituents, and sections thinner than this show some loss 
of color contrast between "red" and "yellow" elements in the coal. 

The accmnpanying selection of photomicrographs will serve best 
to indicate the nature of the differences inherent in these coals. As 
reproduced in monochrome the illustrations fail to present the brilli­
ant color contrasts so evident in the thin sections. Chiefly they show 
textural configurations with opaque areas black; dark-red translucent 
structures as dark-gray; orange coloration, lighter gray; and lemon 
yellow or pellucid areas (waxes, pollen coats, cuticles, transparent 
mineral grains, voids and cracks) nearly white. The natural colora­
tion will be appropriately noted in discussion of the figures. The 
illustrations have been arranged according to the beds from which 
they "'\Yere derived and source locations are noted in captions for the 
plates. 
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COAL FROM TONO UPPER BENC: .: 

Plate 7 illustrates 1nicrocomponents in a coal lump 60 1nilli1neters 
thick, taken from the Upper Bench of Tono No. 1 bed at Tono strip 
pit. 

Figure 1 shows attrital coal eontaining .an unusual fungus struc­
ture, possibly sclerotia! ( s?). All white areas appear yellow in the 
section; dark areas are reddish except for fungal walls which have 
a brownish cast. All portions shown would be classed as translucent 
attritus. Note that magnifieation of figure 1 is twice that of figure 2. 

Figure 2 illustrates a characteristic form of fungal sclerotium ( 8) 
in a thin streak of translucent attritus, between two anthraxylon 
streaks (an) . Cell walls of the sclerotia are nearly opaque but cell 
lumens are filled with yellow translucent 1vaxy matter. Margins of 
anthraxylon bands are retouched for distinetness as the difference in 
translucency between the anthraxylon and humic matter of the trans­
lucent attritus is almost imperceptible at this magnification. 

Figure 3 shows two different types of fungal sclerotia ( 8) and one 
forn1 which may represent a fungus spore. (s?) in a matrix of translu­
cent attritus (at). In this area strands of fungal hyphae may be 
described as pinpoint circles, or ellipses, when viewed at higher lnag­
nifieation. The edge of one yellowish translucent wax body ( 10) is 
shown. The light flecks in the rather unifonn-textured matrix and 
white cell lumens in sclerotia are filled by yellowish translucent waxy 
matter. Figure 3 is at the same 1nagnification as figure 1. 

Figure 4 shows in its upper portion a dark-brownish translucent 
mass con1posed of a spongy, fine-celled network that probably repre­
sents fungal plectenchy1na (fu). A small sclerotimn ( 8) is centrally 
placed, in a Inatrix of translueent attritus (at). Yellow translucent 
waxy strands ( 10) may represent folded thin-walled pollen grains in 
cross section. Figure 4 is much Inore highly 1nagnified than figures 
1 and 3. 

Figure 5 shows a varied assortment of structures eomposing trans­
lueent attritus (at). A folded, yellowish translucent band of euticle 
( cu) is centrally plaeed adjacent to a brownish translueent area of 
possible fungal plectenchy1na (f'u?). A lower band includes reddish 
translucent resinous or secretory bodies, judging from their form. 
Amorphous yellow waxy n1atter is intercalated between resinous 
globules and aecounts for most of the "white" areas in the fungal ( ? ) 
area. Figure 5 has the same magnification as figure 2. 

Figure 6 shows a sclerotimn ( 8), of the san1e type as shown in 
figure 2, representing a smaller example photographed at higher mag­
nification. The evident eell hnnens are yellowish and wax filled, and 
the surrounding attritus (at) is similar to that in figure 2. 
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Figure 7 shows a re1narkably elongate example of a dense large 
sclerotium ( 8) that probably is conspecific with those shown in figures 
2 and 6. A strand of anthraxylon (an) above the sclerotium is of 
lighter translucency than the humic matter of the adjacent attritus. 
The dense dark patches in the lower central part of the figure may 
represent an unusual occurrence of opaque attritus in this coal. This 
photograph is taken at twice the magnification of that for figure 6 
and the same as that for figure 2. 

Figure 8 shows portions of several horizontally elongate waxy 
blebs, from which material has 1nigrated into vertical cracks as are­
sult of vertical pressure. The origin of these waxy blebs is unknown 
but probably they are not original characteristics of a particular spe­
cies of plant. Vestiges of woody tracheal elements are present in 
the sigmoid structure included at the left, within the larger bleb 
shown in Figure 8b, to suggest that the material is a secondary aggre­
gation. The waxy material has a fine-grained texture when ob­
served with subdued transmitted illumination, but this is scarcely 
apparent in the photographs which were printed in the endeavor to 
bring out also some of the visible detail in the surrounding red trans­
lucent attrital1naterial (at). Some flakes and splinters of humic coal 
evidently tend to spall frmn the cracks that are opened under pres­
sure by plastic flow of the wax so that, although the connection with 
the wax body is evident in the section, in the photograph it presents 
a ragged interrupted appearance. 

COAL FROM TONO LOWER BENCH 

Plate 8 illustrates microcomponents of a coal lump 106 millimeters 
thick frmn the Lower Bench of the Tono No. 1 bed at the Tono strip 
pit. 

Figure 1 shows an anthraxylon strand (an) and sclerotium ( 8) 
(of the same type as those shown in pl. 7, figs. 2 and 7) in a matrix 
of translucent attritus (at). A moderately large wax body ( 1.0) and 
many smaller ones occur in the attritus. The light area in the center 
of the anthraxylon strand is occasioned merely by local thinness of the 
section; the lighter marginal halos at top and. bottom of the anthraxy­
lon (orange red in the original section) are caused by minor differ­
ences of composition. Note the greater tendency for fracture lines to 
form in the anthraxylon during section preparation. 

Figure 2 illustrates translucent attritus (at) containing darker 
fungal structures (fu) (possibly spores or thick-walled resting my­
celimn) and one thick-walled cmnpressed pollen grain or spore. The 
probable insignificant difference between the composition of red trans­
lucent humic matter of the attritus and the thinnest shreds normally 
identified as anthraxylon (an) is emphasized by this picture. An 
anthraxy Ion frag1nent shown here merges toward the right with 
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humic matter of the attritus. Only minor vestiges of cell structure, 
much compressed, rmnain in the anthraxylon streak as an indication 
of plant tissue derivation. The pollen coat, the waxy fillings of fungal 
structures and small waxy bodies all appear about equally yellow; 
the humic matter and anthraxy lou equally red. The magnification 
for this illustration is much greater than that for figure 1. 

Figure 3 also illustrates attritus containing a variety of sclerotia 
( s) and other fungal remains. An elongate structure with orange 
1nargin and red translucent interior (root) probably represents an 
oblique section of a small rootlet which had grown into the degraded 
plant debris during the peat stage. It now constitutes a small streak 
of anthraxylon ( cmnpare with figs. 1 and 2, pl. 11). 

Figure 4 shows the central portion of an anthraxy lon band of 
woody derivation containing waxy and resinous cell inclusions. The 
latter appear white in the illustration but are bright yellow in the 
original section; the resins are of orange translucency and frequently 
contain tiny bubbles or vesicles. Only those cells that contain solid 
organic fillings retain a semblance of their original form. The resin­
ous cells appear indigenous to the ·wood but the waxy fillings may 
have been introduced into the dead wood during the peat stage. Mag­
nification of figure 4 is the same as that for figures 3 and 1. 

Figure 5 shows a cluster of small "humic'', reddish translucent 
resins ( ? ) , with waxy interstitial material, central wax body ( rw), and 
anthraxylon strands (an) above and below. Additional waxy matter 
and a small aggregation of fungal hyphae appear in the lower left 
central portion of the figure. The magnification of figure 5 is twice 
that of figures 1, 3 and 4. 

Figure 6 illustrates a concentration of yellow waxy matter ( 'W) 
containing cell-wall fragments, not visible here~ that show xylary 
pitting. Grayish areas are all bright yellow; the black areas all are 
reddish and consist of hmnic and anthraxylous material. The ex­
treme contrast in translucence of waxy 1natter and humic material is 
such that the inherent structure of both cannot be fully shown in the 
same photograph. The magnification is the same as that for figures 
4, 3, ancll. 

COAL FROM THE UPPER THOMPSON BED 

Plate 9 illustrates the microcon1ponents in a coal lump 82 Inilli­
meters thick taken from the Upper Thmnpson coal bed at the Stoker 
mine. 

Figure 1 shows attrital coal with two cellular sclerotia ( s) and one 
sin1ple sclerotium. All white filling material in the sclerotia is yel­
lowish in the original section and of waxy character ( w) . One iso­
lated waxy body ( w) also is shown, and waxy 1naterial of more in­
definite fonn appears at the top of the illustration. Most of the 
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smaller white dots also are waxy and appear bright yellow in the thin 
section. Sn1all fungal hyphae are visible in the original preparation 
but are difficult to distinguish in the 1nonochrome photograph. 

Figure 2 shows well-preserved woody tissue ( anthraxylon) from 
a thick vitrain band. All cells have collapsed with the elimination 
of cell cavity space; one wood ray shows as a darkened ragged streak 
extending obliquely through the tissue. All normal layers of the pri­
mary and secondary cell wall originally present in the wood can be 
distinguished, to indicate that both cellulose and lignin have contrib­
uted to the coal. This illustration is magnified about two and one­
half times more than figure 1. 

Figure 3 shows more highly degraded anthraxylon from a different 
area of the same band illustrated in figure 2. A row of reddish trans­
lucent resinous inclusions ( r) occur in the middle of the illustration and 
a ray with somewhat similar but darkened reddish translucent filling is 
shown below. Dark rims occur along the crack (om) in this area of 
the coal that are presmned to be the result of oxidation due to drying 
before the section was prepared. The 1nagnification is the same as 
for figure 2. 

Figure 4 shows woody tissue from the same band specimen, in an 
intern1ediate stage of degradation. Two rays are distinguishable, 
each somewhat granular and darkened in appearance. Granular ma­
terial also occurs within the compressed cell lumens. Probably this 
granularity represents a form assumed by the lignin residue after 
intervening cellulosic material has been smnewhat depleted. The 
magnification of figure 4 is the san1e as that for figures 2 and 3. 

Figure 5 (a and b) shows a Inarginal part of the anthraxy Ion or 
vitrain band illustrated in figures 2 and 4. The red to orange an­
thraxylon is far more translucent than the adjacent attrital coal. 
For this reason photographic illustrations of the two portions require 
differing exposures to bring out inherent textures. Although both 
parts are reddish the attrital coal shows darker coloration. The mar­
gin of the anthraxylon (an) does not show as clearly defined cellu­
lar structure as portions 1nore centrally located, and the contact be­
tween attrital coal and anthraxylon is very ragged. Waxy bodies 
( w) occur exclusively in the attrital coal, sometimes nearly in contact 
with the woody portion. Sclerotia ( s) also are present in the attrital 
portion but have never been observed inside the wood. Figure 5, 
similar to figure 1, is less highly magnified than figures 2, 3, and 4. 

Figure 6 shows a somewhat different and probably the most highly 
decayed portion of the same anthraxylon or vitrain band shown in 
figures 2, 3, and 4. The intracellular portions, particularly those at 
the corners of adjoining cells, stand out prominently as more highly 
translucent orange polyangular points. Possibly these may repre­
sent another type of lignin-derived residue inasmuch as the intracellu-
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lar material, known to be nwst concentrated at these points in mature 
modern wood, is also highly lignified. An oxidation zone (ow) at the 
termination of a 1ninor crack is shown as a darkened central area. 
It is of interest to note that the intracellular points in this area are 
not effected to nearly the same extent as the adjacent materials that 
are presmnably of more mixed lignocellulosic derivation. Magnifica­
tion of figure 6 is the same as that for figures 2 to 4. 

COAL FROM UPPER THOMPSON AND LITTLE DIRTY BEDS 

Figures 1 and 2 on plate 10 illustrate additional microcomponents 
from the Upper Thompson coal bed at the Stoker 1nine, similar to 
those given on plate 9. 

Figure 1 shows attrital coal with some peculiar fungal structures 
(iu) in the upper portion, which are apparently tubular and too 
thick walled to represent ordinary vegetative mycelium but are not 
organized as coherent sclerotia. Their walls are dark brown with 
hunens occasionally wax filled. Centrally in the illustration two 
layers of yellow cuticle ( mt) are shown. The lower cuticular layer 
feathers out toward the right and resembles some of the other amor­
phous waxy n1aterials also present in the area of this illustration. .A .. 
wax filled sclerotium ( 8) of simple structure is shown in the lower 
portion of the figure. The magnification is greater than that of the 
attrital materials shown on plate 9 and corresponds to the magnifica­
tion of the woody structures shown on that plate. 

Figure 2 illustrates other attrital components at lower magnific-a­
tion, comparable to that of figures 1 and 5 of plate 9. Sclerotia ( 8) 
and 'vaxes ( w) are shown as in previous illustrations, but the two res­
ins ( J') in the central part of the figure differ in their orange trans­
lucence and in the presence ot scaleriforn1 bars centrally placed in 
both of the resinous bodies. These bars signify that the resins orig­
inated as secondary fillings of tracheids or vessels in wood which has 
been subsequently disintegrated so that only isolated cells are dis­
tinguishable, as such, under favorable circu1nstances. Much of the 
attrital coal must be forn1ed of similar degradation products but only 
in a few instances, such as shown here, is there sufficient evidence 
to indicate its origin. The dark 1natrix of figure 2 is dominantly 
reddish. 

Figures 3 to 7 of plate 10 illustrate microcomponents of a lump 76 
millimeters thick out of the Little Dirty coal bed obtained from its 
outcrop on Holiday Road. Organic components similar to those of 
the other coal beds are present and, in addition, there are noteworthy 
concentrations of dissmninated pyrite. 

Figure 3 illustrates an assortment of fungal 1naterials including 
wax-filled sclerotia (8), isolated yellow wax bodies ( w), and black 
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opaque areas representing pyrite. The matrix is generally humic 
and reddish. 

Figure 4 illustrates a similar occurrence of disseminated pyrite 
(py) in a thin anthraxylon band as it appears at high magnification. 
Simple crystallites of pyrite show a square outline in profile, but 
others may appear rounded. Presumably the rounded outlines are a 
result of aggregation of n1any micron-size pyritic crystals. Smne of 
the outlines tend to be hexagonal owing to the oblique orientation of 
cubical crystals to the plane of the section. Few of the crystals and 
aggregates exceed 8 microns in dia1neter, and many pyritic crystals 
are no longer than one or two microns in size. 

Figure 5 shows a concentration of disseminated pyrite with some 
of the crystallites intergrown and rudely alined to correspond with 
the grain of the wood that contributed to the anthraxylon or vitrain 
band in which they occur. Areas of such concentration are still rela­
tively small in the specimen studied so that very fine crushing would 
be necessary in order to reduce the pyrite concentration by com­
mercial methods of preparation. 

Figure 6 illustrates some of the same structures shown in figure 
3 at higher 1nagnification, including a simple thick-walled sclerotium 
( 8) with its yellow translucent waxy filling (w) and pyritic granules 
similar to and at the same magnification as those shown in figure 4. 
Vegetative fungal mycelium can be distinguished in the lower central 
portion of figure 6. 

Figure 7 shows disseminated pyrite at lower 1nagnification, similar 
to that illustrated in figure 5. The alinement of pyrite grains again 
is due in part to deposition within woody tissues so that the grain 
of the wood is roughly indicated and probably further emphasized 
by subsequent compression of the band as it ·was transformed into 
coal. 

COAL FROM BIG DIRTY BED 

Plate 11 illustrates 1nicrocomponents from a lump 115 millimeters 
thick out of the Big Dirty coal bed, at the Kostick prospect. Figures 
1 and 2 illustrate 1naterials derived frmn a small compressed rootlet 
intercalated in attrital coal. The root periderm (pd) is largely intact 
and figure 1 shows best the characteristic structure of this tissue. The 
central cylinder inside the periderm (my .9) probably includes both 
xylem and phloem, but none of the cellular outlines in this area are 
preserved. The root periderm is orange or light-reddish color and 
lacks waxes or suberized lamellae; it contrasts with the darker trans­
lucence of the surrounding translucent attritus which shows a normal 
complement of sclerotia ( 8) and waxy bodies. The relation of this 
rootlet to the surrounding 1natrix is best shown at lower magnifica­
tion in figure 2. About half of its horizontal extent is shown and 
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the thickness of the rootlet-derived coal ( l'oot) is indicated. The 
peridenn band is continuous ·around the central darkened trans­
lucent area in the original section. The central tissues were very 
delicate in a root so small as this and these are extremely condensed 
in cmnparison with the original. However, degree of compression 
cannot be accurately judged frmn the ellipticity of this outline since 
the cylindrical organ 1nay have been sectioned n1ore or less obliquely. 

Figures 3 and 4 illustrate materials derived from a small com­
pressed twig or stem. The stem periderm (pd) is likewise largely 
intact and figure 3, taken at higher magnification, should be com­
pared with the root periderm shown in figure 1. Of outstanding sig­
nificance are the yellow waxy suberin layers that separate the in­
dividual cork cells shown in figure 3. The xylem and phloem area 
(my?) inside the periderm is similar to that of the rootlet shown in 
figures 1 and 2, but some darkened resinous bodies ( r) are also 
present. On the lower side the suberin appears to have flowed to­
gether, perhaps owing to dissolution of humic cellular material, leav­
ing a nwre concentrated waxy deposit ( w). The relation of the 
small stem or twig to the surrounding coal, and a magnification 
corresponding to that of the rootlet shown in figure 2, is shown in 
figure 4. 

Figure 5 shows an area of attrital coal with translucent mineral 
grains ( 1n) and yellow waxy bodies ( w) interspersed in it. The red 
translucent humic 1natrix contains very few identifiable plant 
structures. 

Figure 6 illustrates some of the yellow translucent waxy bodies, so 
characteristic of the attrital coal from this bed, as they appear at 
higher 1nagnification. The variety of outline and of inclusions in 
these waxy bodies is noteworthy. Most of the inclusions large enough 
to observe closely are spherical in outline and probably represent gas 
or liquid filled vesicles whose significance is unknown. Probably 
they originated as the waxes were originally formed within secretory 
cells of some plant. The matrix surrounding the wax bodies is dark 
red and of humic nature although it appears black in the photograph 
owing to the extrmne contrasting density, in comparison with the 
"\Vaxy bodies. 

Figure 7 illustrates a characteristic assortlnent of the waxy bodies 
(w) typical of attrital coal frmn this hand specimen of the Big Dirty 
coal bed. Magnification is the same as for figures 2, 4, and 5. These 
waxes, like detrital mineral matter, almost certainly dull the luster 
of the coal when observed 1negascopically and they may thus be 
partly responsible for the name that is given this coal bed. Mineral 
impurities are not abundant in the hand specimen which was ex­
amined. 
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Figure 8 sho-ws thin strands of attrital anthraxylon (an) occurring 
in attrital coal. The thinner central strand shows waxy inclusions 
with projections extending into s1nall vertical cracks both above and 
below. Evidently these cracks and the inflow of waxy 1naterial is a 
result of compression during coalification. The attrital coal (at) 
shows a considerable a1nount of amorphous waxy matter dispersed 
in it. 

Figure 9 shows a heavy cuticle in attrital coal with dentate or "peg" 
projections on the upper side which originally extended along the 
intracellular lines of the epidermis of the plant tissues that it cov­
ered. A wax body ( ttv) also appears close above it in the attrital 
debris. 

Figure 10, from a photograph taken at lower magnification sin1ilar 
to that of figure 8, shows a considerable concentration of waxy cuti­
cular 1naterial ( c~t). Smne of the cuticular bands may have been 
attached to leaves and others to s1nall twigs that had not yet fonned 
any peridern1. Anthraxylon (an), probably derived frmn one of 
these twigs, can be observed. All of this coal would be classed as at­
trital, and all except the anthraxylon as translucent attritus, by the 
usual1nicroquantitative criteria. 

COAL FROM MENDOTA, SMITH, AND BLACK BEAR BEDS 

Figure 1, in plate 12 is from a mineralized area of the hand speci­
men 118 millimeters thick from the Mendota coal bed at the Boxer 
mine. This specimen shows much mineral matter ( m) occurring in 
discontinuous veins that are more pronounced in the horizontal plane. 
The considerable difference in hardness between the mineral matter 
and the coal made preparation of thin sections from this specimen 
relatively difficult and introduced additional difficulty in preparing 
effective illustrations. Observation of the feather edges of coal 
showed that this speci1nen is nearly all anthraxylous (an) and derived 
frmn a large tree trunk. The wood is not exceptional but it is char­
acterized by a large nun1ber of reel translucent resinous bodies. The 
illustration has been prepared to show occurrence of mineral matter at 
relatively low magnification in one area of this wood. Although the 
mineral grains may have filled individual cells of woody tissue origi­
nally, both 1nineralization and subsequent compression make it difficult 
to interpret the structure. Probably the mineral was introduced late 
in the peat stage after the wood had been considerably compressed 
to interfere with petrifaction. Smne splits in the softened peaty 
tissue evidently were produced by pressures associated with crystal 
growth during 1nineralization. 

Figures 2, 3, and 4 illustrate constituents of the Smith coal bed 
taken from a hand speci1nen 112 millimeters thick obtained at Belle 
Slope mine. 
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Figure 2 illustrates attrital coal with one large sclerotium ( s) and 
1nany other types of smaller sclerotia! and sporelike fungal bodies. 
Waxy bodies ( 10) are present as in other examples of the Washing­
ton coal; a few lathlike tabular and slightly irregular mineral frag­
ments ( m) are shown. 

Figure 3 illustrates the boundary between an anthraxylon band 
(an) containing red translucent resins in the ray areas ( r), and 
attrital coal. The boundary between the attritus and anthraxylon is 
smnewhat indefinite in this instance, probably owing to the degrada­
tion of fungi whose sclerotia ( s) are present in the adjoining attrital 
debris. 

Figure 4 illustrates a type of dispersed mineral occurrence usually 
associated with kaolinite (ka ?) . Evidently the clayey mineral matter 
was introduced in solution during the peat stage to infiltrate vegetable 
tissues and preserve vestiges of cellular form in these areas after they 
had been somewhat compressed. Figure 4 is at the same Inagnifica­
tion as figure 3, both being twice the 1nagnification of figure 2. 

Figures 5, 6, and 7 represent structures derived from a hand 
specimen obtained from the Black Bear coal bed at the same location 
as the sections illustrated on plate 13. 

Figure 5 shows a strange type of vegetable tissue (fu?) appearing 
brownish in this section and rmniniscent of fungal remains. It is 
embedded in the attrital coal (at) and may represent a portion 
of some woody bracket fungus. 

Figure 6 shows at higher magnifaction a portion of the same struc­
ture illustrated by figure 5. The light areas shown are actually yel­
lowish and wax filled like most of the fungal sclerotia found in 
Washington coals; there is a suggestion of dense filamentous struc­
ture (plectenchyma) simulating the tissues of higher plants. 

Figure 7 illustrates attrital coal with one large 1nineral grain ( m) 
and other light areas filled with yellow translucent waxy matter ( w). 
Cells filled with red translucent humic matter are embedded in the 
waxy layer transversing the central part of the figure that appears 
to be derived from the mesophyll of a wax infiltrated leaf. The dense 
red translucent material beneath this layer gives no clue to its origin, 
but it includes a wax-filled secretory n1ass (se) with an outline remi­
niscent of secretory passages in plant tissues. 

COAL FROM BLACK BEAR BED 

Plate 13 illustrates microcomponents from the hand specimen lump, 
68 millimeters thick, from the Black Bear coal bed at Black Jewel 
mine. 

Figures 1, 2, and 3 illustrate different views of one exceptional piece 
of coalified tissue from this coal bed. Figures 1 and 3 are reproduced 
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at twice the magnification of figure 2, which will be discussed first. 
This woody tissue is of a diffuse-porous angiospermic type. The ter­
minal wood of an annual ring ( ar) is shown traversing the figure, 
the smaller cells appearing to represent the last increments of the 
annual growth. Large vessels ( v) occur in radially alined groups 
of one to three or four. The many wood rays are evenly distributed in 
the radial plane, roughly corresponding to the vertical dimension of 
the illustration. 

The same structures are shown more highly Inagnified in figures 1 
and 3 and some differentiation is observed within the outlines of the 
vessels. Most of the contents of the vessels consists of red humic mat­
ter that fills then1 and has protected them from compression. In a 
few instances partial fillings of yellow waxy matter also occur within 
the vessels. The humic matter seems generally to outline bladderlike 

. areas attached to the walls of the vessels and probably correspond to 
tyloses ( ty) , such as are common in modern angiospermic woods. 
The wood rays are generally prominently outlined by the yellow 
waxy fillings of the cells. The cell lumens of fibers likewise may be 
wax filled but their evident thick walls of dark brownish red trans­
lucency distinguish the1n from the thinner parenchymatous ( cellu­
losic) walls of ray cells. The intercellular (middle lamella) material 
is lighter red in the fibrous areas. 

In general this unusually well preserved specimen shows greater 
optic.al density of indigenous wall material than is normally associated 
with anthraxylon and in other areas, more difficult to illustrate, the 
structure merges with that characteristic of fusain. The denser ap­
pearance of the secondary ·walls shown here may be associated with 
preservation as semifusian, which, in part, might explain the excellent 
tissue preservation and general freedmn from effects of early compres­
sion. In any event both the humic and waxy infiltrates must have 
been introduced some time during the peat stage. One possible secre­
tory duct ( se?) may be observed in figure 3 that is wax filled like 
the cells in much of the adjoining tissue. This affords a slight indi­
cation that some of the waxy matter may be indigenous to this wood, 
but most of it certainly cannot be so considered. The humic infiltra­
tion material likewise must have been brought in from outside. A 
rather si1nilar type of preservation has previously been illustrated 
from coal of the Coos Bay field (Schopf, Am. Jour. Botany, v. 34, 
.fig. 19, p. 340, 1947). 

Figure 4 illustrates a band of anthraxylon (an) with a dark brown­
ish tissue adjoining (fu), suggestive of fungal derivation. Trans­
lucent attritus occurs both above and below this band. 

Figure 5 illustrates a characteristic incipient cleat with strongly 
darkened margins traversing an anthraxylon band (an). Ne·w 
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fractures, formed in preparation of the section, are shown both at 
the top and bottom of the figure but lacking the marginal dark areas. 
Such oxidation rims are commonly observed on natural fractures with­
in the coal in these preparations and frequently are seen in similar 
sections of low rank coal where special precautions to retain bed 
1noisture have not been observed. Probably in course of normal hand­
ling much surface area in these coals becomes oxidized in this fashion 
and this accounts for a slightly different luster in moist coal at the face 
and the coal lumps after they have been exposed to air. Minor 
amounts of dissmninated pyrite are shown in the attritus above and 
below the anthraxylon band in figure 5, and three tiny pyritic aggre­
gates are shown, slightly above the 1niddle, within the band of 
anthraxy lon. Figure 5 is at the same magnification as figures 4 and 2. 

Figure 6 shows a portion of an impure attritallayer with numerous 
detrital1nineral grains in the specimen from the Black Bear coal bed. 
Not all of the light spots represent mineral grains; many of them are 
of a yellow translucent waxy character. The attrital matrix here is 
principally red humic 1natter, but it appears black in the illustration 
owing to the contrasting density of yellow and pellucid granules in 
the coal. Figure 6 is magnified considerably less than the other 
illustrations on this plate. 

Figure 7, taken at relatively high magnification, illustrates the 
occurence of pyritic crystallites and aggregates in translucent attritus 
of the Black Bear coal. In 1nonochrome illustrations the distinction 
between dense organic areas, such as that indicated as humic ( hu) 
and the irregular aggregate indicated as pyritic (py), frequently is 
obscure. The light areas shown in this figure consist chiefly of 
amorphous yellow translucent waxy matter. The individual crystal­
lites of pyrite are generally less than 5 1nicrons in dia1neter and many 
are smaller. Unless the dissemination of pyrite is sufficient to give a 
significantly greater bulk density to the coal, this 1nineral1natter can­
not be greatly reduced by preparation procedures. In any event no 
clean separation of pyrite can be expected under these circumstances. 

SUMMARY 

All of the hand specimens examined 1nicroscopieally consisted 
principally of anthraxylon and translucent attritns. Very little 
fusain and a negligible amount of opaque attritus 'vas observed. 
Anthraxylon and translucent attritus are relatively reactive coal con­
stituents and the coals they dominate are inherently most suited for 
chemical utilization, since these constituents contribute the least 
amount of relatively inert organic residue. 

Anthraxylon occurs both in bands of megascopic siz~s (vitrain) 
and in microscopic strands and a great variation in the preservation 

442728--58----11 



156 COAL RESOURCES, OENTRAL.IA-CHEHALI1S DI1HTRICT, WASHINGTON 

of original plant structure can b~ observed. Although both an­
thraxylon and humic degredation 1natter of translucent attritus 
appear red in thin sections, the anthraxylon tends to be a little more 
translucent and show somewhat more orange coloration. An­
thraxylon also has a slightly greater tendency to form dense oxidation 
rims along cracks as a result of partial drying. Perhaps this is owing 
in part to its greater inherent friability and to the presence of more 
11nmerous incipient cleat separations that dry out first. 

Translucent attritus in these specimens is dominated normally by 
humic degradation matter, appearing red in thin sections, with obscure 
vestiges of tissue derivation. Remains of fungi, consisting of abundant 
but inconspicuous vegetati:ve mycelium and more obvious spores and 
very evident sclerotia are abundant in many instances and con­
~titute the most characteristic group of phyterals in the attritus. Cell 
walls of fungal remains tend to appear brownish and most dense of the 
common materials in this coal to the passage of transrnittecllight. Of 
all the essentially translucent components, they are likely to be 
chemically least reactive. 
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PLATE 7 
[Scale of magnification given in each figure inset. All figures illustrate structures sec­

tioned normal to banding, photographed by transmitted light. For specific discussion 
see accompanying text] 

FIGURES 1-8. Coal from Upper Bench, Tono No. 1 bed; microcomponents in 
lump, 60 nun thick, from Tono strip pit. In :~nV1,4N,VJ4 sec. 21, T. 15 N., 
R. 1 ,V., Thurston County, "rash. 



GEOLOGICAL SURVEY BULLETIN 1053 PLATE 7 

COAL FROM THE TONO UPPER BENCH 



GEOLOGICAL SURVEY BULLETIN 1053 PLATE 8 

COAL FROM THE TONO LOWER BENCH 



PLATE 8 
[Scale of magnification given in each figure inset. All figures illustrate structures sec­

tioned normal to banding, photographed by transmitted light. For specific discussion 
see accompanying text] 

l!"'IGURES 1- 6. Coal from Lower Bench Tono No. 1 bed; microcomponents in 
lump, 106 mm thick, from Tono strip pit. In N'VJANWJA sec. 21, T. 15 N., 
R. 1 vV., Thurston County, Wash. 

442728--58----12 



PLATE 9 
[Scale of magnification given in each figure inset. All figures illustrate structures sec· 

tioned normal to banding, photographed by transmitted light. For specific discussion 
~ee accompanying text] 

FIGURES 1-6. Coal from the Upper Thompson bed; microcomponents in lump, 
82 mm thick, from Stoker mine. In NE:JASW14 sec. 29, T. 15 N., R. 2 W., 
Lewis County, .. \Vash. 



GEOLOGICAL SURVEY BULLETIN 1053 PLATE 9 

COAL FROM THE UPPER THOMPSON BED 



GEOLOGICAL SURVEY BULLETIN 1053 PLATE 10 

COAL FROM UPPER THOMPSON AND LITTLE DIRTY BEDS 



PLATE 10 
[Scale of magnification given in each figure inset. All figures illustrate structures sec­

tioned normal to banding, photographed by transmitted light. For specific discussion 
l:iee accompanying text] 

FIGURES 1- 2. 
3- 7. 

Coal from the Upper '.rhompson bed. See legend for plate 9. 
Coal from the Little Dirty bed ; microcomponents in lump, 76 

nun thick, from Holiday Road outcrop. In N'Vlt4 SW~ sec. 
35, '1'. 15 N., R. 2 W., Lewis County, Wash. 

442728--58----13 



PLATE 11 
[Scale of magnification given in each figure inset. All figures illustrate structures sec­

tioned normal to the banding, photographed by transmitted light. For specific discussion 
see accompanying text] 

FIGURES 1-10. Coal from the Big Dirty bed; microcomponents in lump, 115 mm 
thick, from Kostick prospect. In NW~NE1,4 sec. 16, T. 14 N., R. 1 W., 
Lewis County, ·wash. 



GEOLOGICAL SURVEY BULLETIN 1053 PLATE 11 

COAL FROM THE BIG DIRTY BED 



GEOLOGICAL SURVEY BULLETIN 1053 PLATE 12 

COAL FROM THE MENDOTA, SMITH, AND BLACK BEAR BEDS 



PLATE 12 
[Scale of magnification given in each figure inset. .All figures illustrate structures sec­

tioned normal to the banding, photographed by transmitted light. For specific discussion 
see accompanying text] 

FIGURE 1. Coal from the Mendota bed shows mineralized area in lump, 118 mm 
thick, from Boxer mine. In NE~SE1,4 sec. 14, T. 15 N., R. 2 W., 
Thurston County, ·wash. 

2-4. Coal from the Smith bed; microcomponents in lump, 112 mm thick, 
from Belle Slope mine. In NE~SW~ sec. 34, T. 35 N., R. 1 W., 
Lewis County, Wash. 

5- 7. Coal from Black Bear bed. See legend for plate 13. 



PLATE 13 
[Scale of magnification given in each figure inset. All figures illustrate structures sec­

tioned normal to the banding, photographed by transmitted light. For specific discussion 
see accompanying text] 

FIGURES 1-7. Coal from the Black Bear bed; microcomponents in lump, 68 mm 
thick, from Black Jewell mine. In NW*NW14 sec. 32, T. 16 N., R. 1 W., 
Thurston County, 'Vash. 



GEOLOGICAL SURVEY BULLETIN 1053 PLATE 13 

COAL FROM THE BLACK BEAR BED 




