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FOREWORD

Water Supply Bulletin No, 17, "Geology and Ground Water Resources of
West-Central Lewis County, Washington” was prepared under the Washington State
Division of Water Resources-U.S. Geologica!l Survey cooperative program and is a
part of an overall inventory of water resources of the State of Washington being con-
ducted by the Division of Water Resources.

The report was designed primarily as a discussion of the geology and an
evaluation of the water-bearing characteristics of each important aguifer within the
study area; however, geologists arid engineers working in fields other than geo-
hydrelogy will find Bulletin No. 17 a valuable reference. The highway engineer
will find well logs and cross sections helpful in evaluating road bed conditions and
locating borrow sites. The geologic map and geologic cross sections will assist the
geologic engineer in evaluating foundation conditions for dams, bridaes, buildings
and other major structures. Industry seeking large deposits of sand, gravel, and
clay materials within the study area will find the Lewis County report an important
source of information, The geologist working in academic fields will enjoy the
author's treatment of the Tertiary and Quaternary systems of the Lewis County area,

= It will be the policy of the Division of Water Resources to continue to
refine and improve our method of presenting geo~hydrologic data in order that it will
be of value to the greatest number of people.

Everything possible has been done to insure the completeness and accuracy
of the material presented herein.

~Robert H. Russell
Asstistant Supervisor
Division of Water Resources
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GEOLOGY AND GROUND-WATER RESOURCES
oF

WEST-CENTRAL LEWIS COUNTY, WASHINGTON

By

J. M. Weigle and B. L. Foxworthy

ABSTRACT

Lewis County {ies within the Puget Trough section of the Pacific Border
physiographic province. The west-central part of the county, an irregularly
shaped area of about 830 square mifes, contains the bulk of the county's popula-
tion and virtually all of its ground-water development. |t occupies the central part
of a structural and topographic basin surrounded by well-dissected hills, which
tise as much as 2,000 feet ahove the flood plains of the major streams. The area
is drained by two major river systems, the Chehalis-Newaukum and the Cowlitz.

The oldest rocks known in west-central Lewis County are a seguence of
lava flows and pyroclastic and marine sedimentary rocks that are exposed in the
foothills in the western and southwestern parts of the area. These and other vol-
canic and sedimentary rocks of Tertiary age constitute the bedrocks in the area.
QOverlying these bedrocks in the stream valleys are heterogeneous masses of allu-
vium and of drift from alpine glaciers that occupied the valieys of eastern Lewis
County during Pleistocene time, Qutwash from the continental Vashon glacier also
oceurs locally in the northern part of Lewis County, as far south as the city of
Centralia,

For the area as a whole, the alluvial deposits of Quaternary age are of
major importance from the standpoint of ground-water supply. The most extensive
deposits used as an effective source of ground water are the glaciofluvial deposits
that underlie upland plains and terraces to depths of about 50 to 200 feet. Of

.these, the unit most extensively exposed in the area of study is the Logan Hill

formation of Pleistocene age. The most permeable is the sheet of outwash sand
and grave! of the Vashon glaciation. Except in the Newaukum artesian basin,
Tertiary materials are of secondary importance, as generally these materials yield
only small amounts of water to wells and, locally, the water from them is too
saline for normal use,
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Development of the ground-water resources of Lewis County is at an
early stage. The estimated total pumpage for all purposes in 1959 was about
3,000 acre-feet. The yield from most of the aguifers, particularly those of
Quaternary age, can be increased substantially without danger of overdraft. Be-
cause the materials making up many of the aquifers are poorly sorted, these aqui-
fers are of rather low permeahility. For that reason, the yields of wells tapping
them will depend largely on careful well construction.

Periodic measurement of water levels in a network of observation wells
should be continued to provide information on long-term trends in level. Such
information will be needed to guide the management of the water resources when
pumping from ground-water bodies in west-central Lewis County is increased
substantially. A measuring program will be of particular importance for the Newau-
kum artesian basin, where substantial development ultimately will cause some
wells to stop Tlowing, but which may not cause a serfous overdraft in the foresee-
able future.

INTRODUCTION

West-central Lewis County is an important agricultural and commercial
region in southwestern Washington in the development of which the ground-water
resources are becoming increasingly important. In some upland parts of the area
the density of settlement is controlied hy the availability of ground water, At
present, the potential supplies of ground water exceed the use; however, an in-
creasing use of ground water for irrigation and the exploitation in recent years of
artesian aquifers whose supply probably is limited make it apparent that orderly
control of the development of the ground-water resources will be necessary if the
maximum benefits are to accrue to the residents of the region,

Purpose and Scope of the Investigation

The present investigation was undertaken by the Geological Survey in
1952 incooperation with the State of Washington Department of Conservation,
Division of Water Resources. The objectives of the study are to collect and in~
terpret basic geologic and hydrologic data pertaining to ground water in west-
central Lewis County as an aid in the utilization and orderly development of this
valuable resource.

Field work for the investigation included canvassing wells and visiting
well drillers to obtain data on wells, measuring water levels in wells, coilecting
water samples for chemical analysis, measuring or estimating discharge of springs,
and mapping the geology. Most of the field work was done by the senior author during
the period 1952-57. In collecting the hydrologic data he was assisted by R. L.
Washbuen in 1952-53, by G. L. Buley in 1954, and by P. W, Hildebrand in
1954-55, Additional field work, consisting of geologic mapping in the eastern
part of the area and field checking, was done by the junior author during 1958-59,

In general, the geclogic mapping consisted of detailed reconnaissance in
areas underlain by rocks of Tertiary age, and mare detailed study in areas of youn-
ger rock materials, which are more important, as sources of ground water. The map-
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ping was facilitated by the use of aerial photographs,

The field data, together with climatelogical and streamflow records, were
analyzed and interpreted in terms of ground-water occurrence, availability, and
suitability for use.

In 1956, after the bulk of the hydrologic data had been collected but
before the analysis of the data had been completed, a preliminary report, presenting
records of wells and springs, water levels, and chemical guality of ground water in
the area, was released for public dissemination (Weigle and Washburn, 1956},
Most of those data are presented in this report.

In any area, the occurrence, availability, and movement of ground water
are closely controlied by the geology, and are influenced by climate, |andforms,
and drainage. Therefore, in this report, geologic and geographic factors are dis-
cussed to provide a backgraound of information necessary for the best understanding
of the hydrology of the area.

The investigation was made under the general direction of A. N. Sayre,
former Chief, and P. E. LaMoreaux, present Chief, Ground Water Branch, U.S.
Geofogical Survey, and Murray G. Walker, Supervisor, State Division of Water
Resources, and under the direct supervision of M. J. Mundorff, former District
Geologist, and A. A. Garrett, District Engineer of the Ground Water Branch in the
State of Washington, and Robert H, Russell, Assistant Supervisor, State Division
of Water Resources.

Location and Extent of the Area

Lewis County is within the Puget Trough in southwestern Washington
{see p. 5). The county extends from the crest of the Cascade Mountains west-
ward for some 90 miles to the Coast Range, and is about 25 miles wide in a
north-south direction. The center of the county is about 33 miles south of the
southern end of Puget Sound.

This investigation covers an irregularly shaped area of about 830 square
miles in the western and central parts of Lewis County, which include most of the
population and ground-water development, The area spans the county from north to
south within the west-central lowland and extends eastward and westward up the
valleys of the major streams (fig. 1).

Previous Investigations

One previous ground-water investigation was made on part of the area
covered by this report; W. N. Schlax, Jr, (1947) made a preliminary study of
southwestern Thurston County {fig. 1) that extended about 10 miles southward up
the floor of the Chehalis River valley in Lewis County (fig. 3). His report des-
cribes geologic features that control the oceurrence and availability of the ground
water, and inciudes records of wells and springs.

Several geologic studies, differing greatly in intensiveness and emphasis,
have been made in and adjacent to the area of this investigation. Reports of most
of those studies are cited in the section of this report dealing with geology and
are listed at the end of this report. However, most of the previous geologic stud-
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ies were not concerned primarily with the water-bearing materials of Quarternary
age and, therefore, did not treat them in detail sufficient for this study. Hence,
additional geclogic mapping has heen necessary for this investigation, even in
areas for which geologic maps already were in existence.

Well-Numbering System

In this report wells are designated by symbols that indicate their location
according to the rectangular public-land sutvey. For example, in the symbol
12/2-17C2, the part preceding the hyphen indicates successively the township
and range (T. 12 N., R. 2 E.} north and east of the Willamette base line and
meridian, All townships in Washington are north of the Willamette base line. The
Jetter "W" indicates ranges west of the meridian, but the letter "E" is omitted
because most of the State is east of the meridian. The first number after the hy~-
phen indicates the section (sec. 17), and the letter (C) gives the 40~acre sub-
division of the section, as shown in figure 2. The last number is the serial num-
ber of the well in the particular 40-acre tract. Thus, well 12/2-17C2 is the
second well canvassed in the NE¥ NW} sec, 17, T. 12 N., R. 2 E.

Springs are numbered in the same manner except that the letter "s" is
added after the serial number. Thus, the first spring listed for the NEX NW}
sec. 17 would have the number 12/2-17C1s.

Acknowledgments

This investigation was facilitated by the assistance of many individuals.
Well data were provided by well owners and users, by well drillers, and by pump
companies. Additional valuable assistance and information were given by R. E.
Roffler, Lewis County Extension Agent, U.S. Department of Agriculture; person-
net of the U.S. Soil Conservation Service; City of Tacoma, Light Division; and
the Northern Pacific Railway Co. The friendly cooperation of all is gratefully
acknowledged,

Landforms

The populous central part of Lewis County lies within the Puget Trough
section of the Pacific Border physiographic province (Fenneman, 1931, p. 443-
454). It extends east into the northern Cascade section of the Sierra-Cascade
province and west into the Olympic Mountains section of the Pacific Border pro-
vinée. The Puget Trough is a huge valtey that extends from Qregon due north
across Washington and into British Columbia. Within the State of Washington
the northern half of the Puget Trough s occupied by Puget Sound and the various
straits surrounding the San Juan Islands; the southern half comprises the vatiey
of the Cowlitz River and the upper basin of the Chehalis River,
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West-Central Lowland

The area of greatest ground-water development in |_ewis County, and
therefore of greatest importance in this investigation, is the area herein referred
to as the "west-central lowland ." This lowland is a roughly triangular area whose
corners |ie approximately at Centralia, Mayfield, and Vader (fig. 3). It is the
central part of a structural and topographic basin which is surrounded by well-
dissected hills rising as much as 2,000 feet above the flood plains of the major
streams. Altitudes within the west-central lowland range from about 1,100 feet
in the eastern part to less than 100 feet on the flood plain of the Cowlitz River at
the southern boundary of the county. The overall slope of the lowland in general
follows the major drainage pattern. In the eastern and southern parts the general
slope is to the west and southwest, respectively; in the northern part, from the
vicinity of Napavine northward, the general slope is to the northwest and north.
The topography of the lowland is mainly one of broad upland plains, terraces that
narrow at successively lower levels, and fiood piains associated with the present
drainage. '

The benches and terraces were formed by a sequence of events that began
in the early part of the Pleistocene epoch. During that time, the basin was partly
filled with deposits of silt, sand and gravel. Streams, at times fed by glaciers,

- subsequently discharged across that fill, eroding broad valleys and formed terraces
of alluvium and glacial-outwash materials (fig. 3), The oldest and most extensive
terraces, which are here termed upland plains, lie at the highest levels, while
progressively younger terraces lie steplike at successively lower levels.

The younger and lower terraces are relatively flat. The older, upland
plains have undergone extensive ercsion by stream action and present a more or
less rolling surface, marked in many places by deep gullies extending back from )
the scarps. Landslides have occurred at many places along terrace scarps through-
out the west-central lowland, Many of these landslides individually involve one-
tenth of a square mile or more of land surface, and at some places landslides of
different ages abut or overlap to form belts a quarter of a mile, or more, wide and
several miles long.

In order to facilitate further discussion of the west-central lowland, its
major physiographic features are delineated as follows: (1) Upland plains, com-
prising the upper and oldest benches and tahlelands within the lowland area; (2}
Intermediate terraces and benches; (3) Flood plains and adjacent low=lying ter-
races. The areas that constitute these physiographic divisions are shown in
figure 3.

Upland plains

The upland plains are remnants of a formerly continuous sutface on the
basin fill. The ancient surface is represented by Jackson Prairie (T. 12 N.,
R. 1 W.), Alpha Prairie (T. 13 N., R, 1 E.), Logan Hill (Tps. 13 and 14 N.,
R. 1 W.}, and smaller unnamed remnants west of Qlequa Creek (Tps. 11 and 12 N.,
R. 2 W.), south of Mayfield, and along the Chehalis River at the west and north~
west margins of the lowland (see pt. 1 and fig. 3). The surface of the upland plains
is gently to moderately rolling. The highest knolls show a marked concordance, and
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if connected would form a surface sloping generally to the west and southwest at
about 20 to 30 feet per mile, from altitudes of about 900 feet near the eastern
limit to about 400 feet in the western part of the lowland. Along the east, north,
and west margins of the lowland, the upper surfaces on the fifl slope upward more
steeply against the surrounding hills.

Intermediate terraces

Some of the terraces intermediate {(in age and altitude) between the upland
plains and the flood plains are extensive enough, and of sufficient geologic and
hydrologic importance, to warrant separate discussion, These, in order of decreas-
ing age, are referred to hetein as the Lacamas Creek terrace, the Newaukum terrace
and equivalents, and the Layton Prairie terrace.

Lacamas Creek terrace,--The Lacamas Creek terrace is the most exten-
sive of the intermediate terraces. It abuts the southeast side of the Jackson Prairie
upland plain, parallel to, and north of, the Cowlitz River. It is about 150 feet
lower than Jackson Praitie and 200 to 450 feet higher than the flood plain of the
Cowlitz. M extends from the confluence of the Cowlitz River and Lacamas Creek
northeastward for about 17 miles, to the valley of Mili Creek, and is 3 miles wide
at its widest point. The surface slopes southwestward at a decreasing rate, from
an altitude of ahout 740 feet near Salkum to about 240 feet where it terminates
about a mile northeast of Vader. The total area is about 43 square miles.

Newaukum terrace and equivalents.-~The city of Chehalis is built largely
o remnants of a terrace that rises about 20 feet above the flood plain of the Newau-
kum River. Other remnants ranging up to 2 miles in width extend discontinuousiy
in an easterly direction up the valleys of the Newaukum and its South Fork and into
the valley of Kearney Creek to the vicinity of Cinebar, where the terrace surface is
no longer clearly defined. As far as the remnants can be traced they maintain a
constant relative efevation of 20 to 30 feet ahove the flood plains of adjacent
streams. These terrace remnants are referred to collectively as the Newaukum
terrace.

Similar terrace remnants are found along the valley of the Cowlitz River
in the reach between Toledo and the mouth of Mill Creek, These segments range
from about one-half to 1 mile in width and up to 7 miles in length. Terrace rem-
nants of this group abut against the Lacamas Creek bench on its southeast side, at
levels ranging from about 120 feet (near Salkum) to about 40 feet (near Tpledo)
helow the surface of that hench.

On the basis of comparative aititudes, similarity of underlying material,
and areal refationships, the tetrace remnants in the Cowlitz River valley probably
are contemporaneous with the Newaukum terrace, and probably were joined formerly
with the Newaukum terrace in the area hetween the communities of Cinebar and
Silver Creek (pl. 1, Tps. 12 and 13 N., R. 2 E.}. This possibility will be
discussed further in the section on geology. . -

Layton Prairie terrace.--The Layton Prairie terrace lies parallef to, and
mostly south of, the Cowlitz River, and extends discontinuously from the Mossy-
rock-Ajlune area (pl. 5, T. 12 N., R. 3 E.) southwest past the southern
boundary of Lewis County. The largest remnant of this surface is Layton Prairie,
which overlooks the flood plain of the Cowlitz River east of Toledo and abuts the
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hills to the south (pl. 1). Layton Prairie averages about 2 miles in width and more
than 5 miles in length.

From an altitude of about 650 feet at Mossyrock the remnants constituting
the Layton Prairieterrace descend to about 200 feet near Toledo, an average
slope to the southwest of 24 feet per mile. The terrace remnants, which are rela-
tively flat, range from about 300 feet above the Cowlitz River at Mossyrock to
120 feet above that river near Toledo.

Flood plains and low-lying terraces

Within the west-central lowland the floor of the Chehalis River valley is
relatively broad and flat. A plain as wide as 2 miles occupies the Chehalis River
vailey from the barder of Thurston County to the vicinity of Claguato, about 9 miles
south {pl. 2). In the next 6 miles upstream (west) from Claquato, the flood plain
narrows only slightly, and is about 13 miles wide near the communities of Littell
and Millburn, Farther west, the flood plain narrows considerably, and upstream
from Miilburn it seldom is as wide as 1 mile.

Several minor terraces rise steplike from the flood plain of the Cowlitz
River up to the Layton Prairie terrace. These terraces cannot be related to the

more extensive benches, and they apparently represent rather transitory former
levels.of the Cowlitz River, probably during late Pleistocene and Recent time.

Foothills Area

In general, the higher land surrounding the west-central lowland is well
dissected and rugged. The topographic features consist mainly of crags, knobs,
and sharp ridges, sloping steeply to deep canyons and valleys. Numerous small,
swift streams that drain the upland areas are actively eroding their channels, thus
maintaining the rugged topography.

Although the hills west and east of the lowland rise as much as 2,000
and 4,000 feet, respectively, above the upland plains, they are small in com-
parison to peaks of the adjacent Cascade and Qlympic Mountains, For this reason
the hilly areas that lie outside the west-central lowland are referred to collective-
ly in this report as the foothills area. Altitudes in the foothills area rarely éxceed
4,000 feet; Mount Rainier, 6 miles north of the northern boundary of Lewis
County is 14,410 feet high and Mount St. Helens, 14 miles south of the south-
ern boundary, has a peak elevation of 9,671 feet,

Although most of the surface of the foothills area is well dissected, ob-
vioys remnants of ancient plains exist in places, notably in the east and south,
Easily distinguishable in the hills south and east of Toledo are segments of an
old plain, at-present about 650 feet above sea level, Remnanis of another old
surface lie at 1,050 to 1,100 feet above sea |evel between Alpha and Mayfield,
and vestiges of still other ancient surfaces are found at higher altitudes.
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Upper Cowlitz River Valley

About 14 miles upstream from the mouth of Mill Creek (NEY NEX sec. 23,
T. 12 N., R. 1 E.), the floor of the Cowlitz River valley is sharply constricted
by a body of consolidated rocks that forms a steep-walled canyon, as deep as 450
feet near Mayfield. In the next 15-mile reach upstream the Cowlitz passes through
a series of steep, and sometimes spectacular, gorges eroded in the consolidated
rocks. Upstream from the vicinity of Riffe (sec. 24, 7. 12 N., R. 3 E.} the val-
ley floor gradually widens. Near the eastern edge of the area it is a relatively flat
surface, as much as 3 miles wide, which rises sharply to the mountains on the
north and south.

Glaciated Areas in Eastern Lewis County

The area immediately east of the west-central lowland includes a variety
of landforms, many of which are related to glaciation. The topographic features
include cutwash plains and benches, shallow valleys and kettles, knolls, low
hills, and drumlins. This area, which lies between and adjacent to Mill Creek
and the Tilton River, north of the Cowlitz River and generally south of State High-
way 5K, is referred to in this report as the Cinebar motainal area.

Topographic effects of glaciation, such as U-shaped valleys, hanging
valleys, cirques, roches moutonées, and rock drumling, also can be seen in the
foothills and major valleys east of Mossyrock. Only the larger areas exhibiting
morainal characteristics are outlined on figure 3.

Drainage

Two river systems--the Chehalis-Newaukum and the Cowlitz--drain most
of Lewis County, The major drainage areas in the county are shown on figure 4.

Present drainage is from the eastern and western foothills areas, into the
west-central basin, and out of Lewis County by way of the Chehalis and Cowlitz
Rivers. The Chehalis River flows northward into Thurston County at a point 5
miles northwest of Centralia, and the Cowlitz River flows southward into Cowlitz
County about 5 miles southwest of Toledo, The drainage divide between the Che-
hatis-Newavkum and the Cowlitz drainage systems trends generally west-southwest
across the west-central lowland, and from there southward, Within the lowland the
divide is formed by undulations on the Jackson Prairie upland plain, and is low and
relatively inconspicuous,

An area of about 745 square miles in Lewis County is drained by the
Chehalis-Newaukum River system; of that area, approximately 600 square miles
is within the area studied. The Cowlitz River drains about 1,280 square miles of
Lewis County, of which about one half is within the area of this study. About
265 square miles of the county is drained by other streams not important to this
investigation (fig. 4).

The present drainage pattern was determined in part by the geologic struc-
ture of the area, as is explained in the following discussion of the major rivers and
their principal tributaries.
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The Cowlitz River

From its origin in glaciers on Mount Rainier and in lakes and springs on
the upper slopes of the Cascade Range, the Cowlitz River flows west and south-
west to its junction with Lacamas Creek near Vader (pl. 1), and thence south-to
the Cofumbia River 25 miles south of Lewis County. Upstream from the west-
central lowland the Cispus and Tilton Rivers are the main tributaries of the Cowlitz
River, and within the lowland the Salmon, Lacamas and Qlequa Creeks {pl. 1)
are the principal tributaries, Across the west-central basin--that is, from Mayfield
southwest to the Lewis-Cowlitz County line--the Cowlitz River loses about 210
feet of altitude, or an average of 7.5 feet per mile. East of Mayfield the gradient
of the Cowlitz steepens considerably; it is doubled in the first 10 miles upstream
from Mayfield and becomes even steeper to the east,

The Chehalis River

From its headwaters in the highlands of western Lewis County, largely
beyond the area mapped, the Chehalis River flows generally east and northeast
to its confluence with the Newaukum River near Chehalis. From Chehalis the
river flows north to Centralia, northwest into Thurston County, and ultimately
empties into the Pacific Ocean near Aberdeen, about 45 miles west-northwest of
Centralia. Of its many tributary streams, the Newaukum River, the South Fork of
the Chehalis River, Lincoln Creek and Hanaford Creek (pl. 1) are the most impor-
tant.

In the northwest part of Lewis County and especially in Tps. 13 and
14 N., Rs. 4 and 5 W., the drainage pattern is controlled to a considerable de-
gree by the geologic structure. Two sets of faults and folds, trending generally
east-west and north-south, have caused a rectangular drainage pattern (pis, 2 and
3). This pattern is most evident in the trends of the small streams in the foothills
areas bhut it is apparent also from the course of the Chehalis River upstream from
Adna (sec. 9, T. 13 N., R. 3W.). The geologic structure of this part of the
area is described briefly by Pease and Hoover (1957).

In its course from Adna to the Thurston County line the Chehalis River
has an average gradient of only 1.8 feet per mile—-the gentlest stream gradient
within the county. Alsa, in this reach the river is associated with the widest
flood plain and has a well-developed meandering channel pattern within the area.
Elsewhere, upstream from the west-central lowland, the gradient of the Chehalis
River ranges from about 5 to 10 feet per mile.

The Newaukum River

The Newaukum River rises in the foothills that bound the west-central
lowland on the northeast and flows generally westward across the northern part of
the lowland to join the Chehalis River ag Chehalis,

The drainage pattern of the Newaukum and its tributaries hints strongly
at control by a right-angle structural pattern oriented generally northwest and
northeast, similar to the fault pattern in the area east of Centralia and Chehalis






