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INTRODUCTION

Background Threshold of Significant Resources of environmentally sensitive areas and land-use status

are necessary to obtain a complete picture of available
aggregate within the county. Those deposits that lie within
Mount Rainier National Park, Mount St. Helens National
Volcanic Monument, Goat Rocks Wilderness, Tatoosh
Wilderness, and William O. Douglass Wilderness were
not included in the inventory because they have federal

protection that restricts commercial development.

Lewis County is located in western Washington and
covers a 26- by 90-mile area between Pe Ell and the crest
of the southern Cascade Range. As of the 2010 census
(U.S. Census Bureau), the population of the county was
approximately 75,455 and was concentrated near the cities
of Centralia and Chehalis. Lewis County ranks as the 16th
most populated county in the state.

Washington State ranks as the 10th largest producer
of sand and gravel aggregate by tonnage nationwide,
annually providing 28.1 million tons of material valued
at approximately 214 million dollars as of 2012 (Bolen,
2012). Lewis County produces a moderate amount of
this aggregate, which is used predominantly for road
construction and maintenance of Interstate 5 (I-5) and the
cities of Centralia and Chehalis.

In July of 1990, the state legislature enacted the J
Growth Management Act (RCW 36.70A) to protect the
environment, promote sustainable economic development,
and ensure the health, safety, and high quality of life
enjoyed by residents of this state. Lewis County is an
area where aggregate resources could be threatened by
uncoordinated and unplanned growth. This publication
was written to aid county planners and other local officials
with planning urban development and the reservation of
identified resources—actions that will ensure a stable
supply of aggregate for development and economic growth
during the next 25- to 50-year planning cycle.

Because this study is an aid to land-use planning, we
inventoried only those resources deemed significant to the
long-term economic health of the region. Therefore, we
restricted our investigation to those resources that exceed
the following threshold criteria (see detailed description in
Appendix B):

e The thickness of the sand and gravel or bedrock deposit

must exceed 25 feet. Previous Aggregate Reserve Studies

e The area of the deposit exposed at the surface must
exceed 160 acres and have a minimum map distance
of 1,500 feet, or the reserves must exceed 13.9 million
tons. Exceptions may include unusually thick deposits
or resources of special local importance that have
consistently yielded high-quality aggregate.

Lewis County has few aggregate studies. Most studies
initially focused on the extent of coal reserves (for example,
Snavely and others, 1958). McKay and others (2001) and
Lingley and Manson (1992) both provided a statewide
inventory of aggregate mines based on Washington
Division of Geology and Earth Resources (DGER) permit
files. Norman and others (2001) mapped a small portion

of south-central Lewis County for aggregate resources of
the Mount St. Helens 1:100,000-scale quadrangle. A recent
study by Shannon and Wilson (2014) provided the locations,
testing data, and overall quality of aggregate within

40 miles of Pe Ell for a proposed dam site. This study
incorporates the testing data from Shannon and Wilson
(2014) and modifies some of the designated resources from
Norman and others (2001) on the basis of additional data.
Pacific Lutheran University School of Business (PLUSB,
2003) provided a market analysis for the Washington
aggregate industry. We used their methods with updated
census data for the present study.

The ‘stripping ratio’ (ratio of overburden to resource)
must be less than one to three (1:3).

e The strength and durability of the rock must meet
the Washington State Department of Transportation
(WSDOT) minimum specifications for hot-mix asphalt-
wearing course, a rock product used to construct asphalt
roads (Table 1, see Pamphlet).

Scope of Deposits Inventoried

We have inventoried all deposits in the county that meet the
threshold criteria without consideration of environmental
impacts or land-use conflicts that may be involved in
permitting or extracting these resources. Therefore, maps
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INVENTORY METHODS

Two end-member philosophies for the inventory of
aggregate resources could be used: (1) strictly factual
reporting that shows only those sand, gravel, and bedrock
resources proven to exist because they are part of active
mines, or (2) a speculative approach that reports all

of the potential aggregate deposits that might exist, as
determined from surficial geologic or soils mapping. Both
approaches have shortcomings. The first philosophy results
in underestimation of available aggregate in an area by
ignoring high-quality deposits that have no mining history.
The second philosophy results in overestimation of the
resource because this method cannot adequately account
for the heterogeneous nature of aggregate-bearing geologic
units. In this study, we attempt to achieve a balance
between these two philosophies using a method that
includes the geologic and engineering criteria described
below.

The most commonly used categories in current
aggregate studies are defined by the USGS (2014) and
consist of indicated reserves and undiscovered resources.
In order to demonstrate that an indicated (commercially
viable) reserve exists, the geology of the deposit must
be very well known and (or) the deposit must have been
defined by closely spaced exploratory drilling. Such
costly work is beyond the scope of this study. Conversely,
studies that rely solely on surficial information to
delineate speculative undiscovered resources have greater

uncertainty, are of reduced value to industry, and may
inadequately inform land-use decisions.

In this study, we follow the USGS (2014) definitions
with slight modifications (as defined in Table B1) to map
indicated (known) resources and hypothetical or speculative
undiscovered resources throughout the county. These
results are shown on the map sheet. The most widely
available source of subsurface geological data for mapping
hypothetical reserves is water-well logs. However, the
accuracy of information on these logs is generally poor
and can even be misleading, depending on the knowledge,
skill, and care taken by each driller as they complete their
report. To reduce the inherent uncertainty in the quality
and thickness of sand and gravel reported in these logs, we
depict hypothetical reserves only where the average of data
from several water wells, together with other information,
such as landform analysis (geomorphology), geotechnical
bores, outcrop descriptions, hydrologic data, mine data,
and WSDOT Aggregate Source Approval (ASA) tests
allows reasonable extrapolation of surficial data into the
subsurface. Samples were collected for testing to provide
additional LA abrasion and degradation information
on aggregate and rock quality where such data had not
previously been collected for a geologic unit, or in locations
where there is conflict with other data sources. Elsewhere,
speculative undiscovered resources are mapped, but only
where several data sets strongly suggest the presence of a
deposit that meets the threshold criteria.

The geologic units with the largest calculated tonnage

of indicated sand and gravel aggregate resources are
recessional outwash (unit Qgo, 1,444 million tons),
alluvium (unit Qa, 625 million tons), and Evans Creek
Stade outwash (unit Qaoe, 281 million tons). Tonnages for
indicated bedrock resources were not calculated because of
uncertainty in the mineable depth of the deposits.

As of March, 2015, there are 21 active (975 acres total)
and 55 terminated or inactive mines (772 acres total) in
Lewis County. Additionally, 405 disturbed areas (870 acres
total) represent mining locations that existed prior to the
1970 Surface Mine Act (Chapter 78.44 RCW) where small
quantities of sand, gravel, and rock have been removed for
local use. Table 2 provides a list of the number of mines,
total mine area, and estimated remaining aggregate by
region and geologic unit.

Deposits from Continental Glaciers

Outwash from the Vashon Stade continental ice sheet (unit
Qgo) has contributed a significant portion of the mined
and currently permitted sand and gravel in Lewis County.
Located in the Chehalis and Skookumchuck River valleys
in the Centralia area, these outwash gravels may be 10 to
100 feet thick, are generally clean and durable, and are
excavated by dredges. The depth to which dredge mining
is economical depends on two main factors in Lewis
County: (1) the technical limitations of dragline-dredge
mining equipment—mining below 100 feet generally
requires more expensive equipment, and (2) the presence,
depth to, and thickness of a resistant till layer. This till

SIGNIFICANT DEPOSITS OF AGGREGATE

layer is non-commercial, difficult to penetrate with existing
equipment, and occurs in several mines and valley well
logs. Thick commercial-grade sand and gravel deposits
may lie beneath the till. Current practice indicates that the
till controls mine depth, but increased market favorability
could change this practice. The deposits of unit Qgo
currently have two active mines, although one has only 1.1
million tons of reserve. Historically, four other mines and
one pit have produced aggregate from unit Qgo.

Deposits from Alpine Glaciers

Over the last 350,000 years, several episodes of alpine
glaciation have scoured and filled the Cowlitz River valley
with sand and gravel from the volcanic Cascade Range.
From oldest to youngest these glacial deposits are the Logan
Hill Formation (unit Qapin), Wingate Hill Stade outwash
(unit Qapowh), Hayden Creek Stade outwash (unit Qapon),
and Evans Creek Stade outwash (unit Qaoe). Of these, only
the Evans Creek Stade and Hayden Creek Stade outwashes
have yielded aggregate that meets WSDOT specifications.
The older Logan Hill Formation and Wingate Hill Stade
outwash are commonly heavily weathered and contain
considerable clay. The Hayden Creek Stade outwash has
highly variable weathering and is only considered an
aggregate resource locally. The Evans Creek Stade outwash
is the youngest and generally produces the least-weathered
alpine glacial deposits. Deposit quality (quantity of fine-
grained material and amount of weathering) generally
improves with proximity to the glacial source. This
suggests that the best sand and gravel deposits may be

found near Packwood. Five mines in Lewis County actively
work unit Qaoe. An additional 9 mines and 15 pits worked

unit Qaoe in the past.

Deposits from Modern Rivers and Streams

Alluvium has historically been a significant source of
aggregate for the county. Sand and gravel eroded from the
Cascade Range, and reworked older glacial deposits, are
deposited along modern rivers and streams. The transport
of these materials commonly removes any weathering rind
(if present) from gravel through abrasion. While being
transported, the sand and gravel are locally concentrated,

depending on channel morphology, while finer grained

materials such as clay and silt are deposited further
downstream or outside river channels during flood events.
Historic mining of alluvium occurred in every major
river channel within the county and is most evident in the

Cowlitz River channel between Toledo and Vader. Although
large volumes of aggregate still exist along many river

channels, future mining will likely encounter difficulty

obtaining permits because alluvial mining can cause
adverse impacts to aquatic and riparian habitat (Norman
and others, 1998). There are 4 mines active in alluvium, and

15 mines and 19 pits with historical activity.

Bedrock Deposits

Large-scale mining of bedrock is common in Lewis County
and will likely become the dominant source of aggregate
in the future as sand and gravel deposits are depleted. Of
the many bedrock units in the county (see Appendix C
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for complete listing), flows of the Columbia River Basalt
Group (unit MvgN2) in western Lewis County are the most
relevant to aggregate resource. These basalt flows have a
generally predictable thickness and have proven to be a
high-quality source of crushed rock. There are 2 active
mines and 3 mines and 37 pits with historical activity.
Also present on the western side of the county are rocks
of the Crescent Formation (units Evc and Eib). Although
these units are common, they are highly weathered, only
locally meet testing criteria, and are not a reliable source of
aggregate.

Common bedrock units in central Lewis County
include the Northcraft Formation (unit Eva), Goble
Volcanics (unit ®Evag), and undivided Eocene to Oligocene
volcanic rocks (unit ®Evpa). In eastern Lewis County,
the most common bedrock units are younger volcanic
rocks (units @va and R@ian) from the Cascade Range.
Combined, all of these rocks are the largest potential source
of aggregate in eastern Lewis County. However, these
rocks may be highly weathered locally and they generally
exist farther away from population centers, reducing their
marketability. Many bedrock resources may also have
reactivity issues with cement mix and are more difficult
to work than a sand and gravel resource. While suitable
for crushed road surfacing, these rocks are less suited for
structural concrete. There are 5 active mines, 8 historically
worked mines, and 262 pits within the bedrock units of
eastern Lewis County.
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Rock aggregate resource inventory map of Lewis County, Washington

CONCLUSIONS

Aggregate from Lewis County is used for maintenance of
several critical transportation routes including I-5 and State
Route 12 (SR-12), in addition to local building and road
maintenance needs for the cities of Chehalis and Centralia.
Outwash deposits near Centralia are capable of providing
the county with abundant sand and gravel resources.
However, these deposits may become inaccessible because
of urban encroachment. Alluvial deposits, primarily located
near Toledo, have played a major role in the aggregate
supply in the region. With increasing environmental
regulation and fishery habitat concerns, the permitting of
new mines in these deposits would be difficult.

Bedrock is the largest untapped aggregate reserve for
the county. Abundant high-quality basalt of the Columbia
River Basalt Group is located in the western part of
the county, and lava flows from the Cascade Range are
located in the eastern part of the county. The amount of
bedrock resource is difficult to estimate because detailed
geologic mapping does not exist in the areas where
these rocks are found. Because of this, many sources
may have been overlooked in our analysis. Despite these
limitations, available data suggest that bedrock resources
could be plentiful and that the primary limitations to their
development are mining technology, land-use practices, and
market conditions. The development of these resources is
expected to increase in the coming decades with increased
market favorability due to depletion of currently permitted
sand and gravel resources within the Chehalis and Cowlitz
River valleys.

At the current yearly per capita usage of 13.5 tons
and total permitted aggregate supply of 60.6 million tons,
Lewis County has a maximum of 45 years (until 2060) of
accessible aggregate. Factors that may shorten or lengthen
the timeline for resource depletion include: changes in
population growth, market flux and other economic drivers,
large infrastructure projects, and (or) additional permitting
of aggregate resources for mining.

Pamphlet accompanies map

Disclaimer: This product is provided ‘as is” without warranty of any kind, either expressed or implied,
including, but not limited to, the implied warranties of merchantability and fitness for a particular use.
The Washington Department of Natural Resources and the authors of this product will not be liable to the
user of this product for any activity involving the product with respect to the following: (a) lost profits, lost
savings, or any other consequential damages; (b) fitness of the product for a particular purpose; or (c) use
of the product or results obtained from use of the product. This product is considered to be exempt from
the Geologist Licensing Act [RCW 18.220.190 (4)] because it is geological research conducted by or for the
State of Washington, Department of Natural Resources, Division of Geology and Earth Resources.
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