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Reconnaissance Investigation of Sand, Gravel,
and Quarried Bedrock Resources in the
Shelton 1:100,000 Quadrangle, Washington

by Andrew B. Dunn', Gordon Adams?, William S. Lingley, Jr.!, Jeffrey S. Loen®, and Anthony L. Pittelkau’

' Washington Division of Geology and
Earth Resources
PO Box 47007; Olympia, WA 98504

INTRODUCTION
Background

During its 1998 session, the Washington State Legislature, act-
ing on a recommendation from the Governor’s Land Use Study
Commission, asked the Washington Department of Natural Re-
sources (WADNR) to map sand and gravel and bedrock re-
sources that are used for maintenance and construction of homes
and infrastructure. The Study Commission sought information
to assess the need to protect these resources from urban sprawl
and other intensive land uses. These data would, in turn, result in
better long-range planning and possible legislation to aid in des-
ignating mineral resource lands under the Growth Management
Act (Revised Code of Washington [RCW] 36.70A; Lingley and
Jazdzewski, 1994).

2 SE 220 Sells Drive
Shelton, WA 98584

% Loen Geological Services
18725 60th Avenue NE
Kenmore, WA 98028

Although the data we present herein are in the traditional
text and map format, this report is part of a project to prepars a
geographic information system (GIS) database that delineates
the locations of some of the significant construction aggregate
resources (sand, gravel, and quarried bedrock) of Washington
State. The digital version of this report, including Arclnfo
coverages, is available through the Washington Division of Ge-
ology and Earth Resources. (See back of title page for address.)

The Shelton quadrangle (Fig. 1) is located in west-central
Washington, on the southern end of the Olympic Peninsula.
Prominent geographic features include the southern part of the
Olympic Mountains, the southern part of Hood Canal, and the
northern Black Hills. Most of the quadrangle (55%) is within
Grays Harbor County. Mason County constitutes 40 percent of
the quadrangle and Thurston County makes up about 5 percent.
The total area of the quadrangle is about
1,620 square miles, and its population is
about 50,000 persons (Washington Of-
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- = il hied T hdad i Raw row 123 47230 fice of Fiscal Management, 2000), most
yuPIC Lake of whom live in rural areas. The largest
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Intended Users

This inventory was created primarily to
help local government planners refine
comprehensive plans and other zoning
determinations. It will also aid legisla-
tors and other policy makers to assess
47° the importance of largely nonrenewable

! A: x
N

O T O e

30 km

Sand and gravel pit

A Bedrock quarry

sand, gravel, and quarried bedrock re-
sources. The study should also be of use
to engineers, transportation depart-
ments, and industry.

Figure 1. Index map of the Shelton quadrangle showing geographic features and the locations of
some of the larger pits and quarries. H, Humptulips pit; W, Wishkah quarry; SR, Skookum rock
quarry; MR, McDonald rock quarry; SD, Shelton delta pit; CC, Coffee Creek pit; B, Bayshore pit;
KC, Kennedy Creek quarry. Also shown is the Johns Prairie deita proposed mine site (JP).
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Primary Products

This inventory consists of the following products:

8 A map that delineates the probable extent of bedrock and
sand and gravel resources (Plate 1). Thickness contours
(isopachs) are shown for those sand and gravel deposits for
which we have sufficient data. Plate 1 also shows the loca-
tions of active mines, borrow pits, some depleted mines, and
large proposed mines.

B Text that describes the methodology of this report, as well as
the geology and mining history of construction aggregates in
the quadrangle.

R Databases containing information about the location, thick-
ness, quality, and volume of some sand and gravel and bed-
rock resources, as well as about water wells and other bore-
holes (Appendices 2-4).

1 Brief descriptions of some geologic units known to contain
aggregate resources (Appendix 5).

B A glossary of terms used in this report (Appendix 1).

INVENTORY PHILOSOPHY AND METHODS

Two end-member philosophies for resource inventory have
been employed in Washington for growth management studies
of mineral resources: (1) strictly factual reporting, including
only those sand, gravel, and bedrock deposits that have been
proven to exist because they are part of active mines, or (2) re-
porting of all potential aggregate deposits that might exist as de-
termined from surficial geologic or soils mapping. Both ap-
proaches have shortcomings. The first philosophy results in un-
derestimation of available aggregate in any given area by
ignoring high-quality deposits that have not been mined. The
second philosophy results in overestimation of available re-
sources because this method cannot adequately account for the
heterogeneous nature of aggregate-bearing geologic units, espe-
cially their extent in the subsurface.

Geologists and mining engineers generally use a third
method that uses geologic and engineering criteria to quantify
the degree of assurance that a deposit actually exists. The
method we use in this study characterizes minerals as either ‘re-
serves’, that is, that part of the reserve base (Table 1) that may be
produced under current economic conditions, or as ‘resources’
that are concentrations of minerals from which extraction of
economic amounts of a commodity is currently and (or) feasibly
possible (Jackson, 1997). Reserves and resources are further
subdivided based on the degree of certainty that any given de-

posit actually exists, mainly as determined from subsurface and
other data as described in Table 1.

In this study, we mapped primarily ‘hypothetical undiscov-
ered resources’, that is, resources with limited surficial and
subsurface data that suggest that a mineral deposit could be pres-
ent in any given area (Table 1). Generally, these data consist of a
geologic polygon mapped at the surface, borehole data indicat-
ing at least some of the deposit extends to depth, and engineer-
ing data confirming that part of the deposit meets the threshold
specifications described below. Hypothetical undiscovered sand
and gravel resources of the Shelton quadrangle are shown on
Plate 1 in shades of yellow with thickness contours (isopachs).

‘Speculative undiscovered resources’ (Table 1) are mapped
only for bedrock units where several data sets each suggest the
presence of a deposit meeting the threshold criteria. These spec-
ulative resources are shown in pink on Plate 1 as simple poly-
gons depicting the extent of bedrock at the surface.

‘Identified resources’ (Table 1) are not mapped because the
costly work required to confirm their existence, such as closely
spaced exploratory drilling, is beyond the scope of this study.
However, identified resources for most large mines are listed in
Appendix 2.

Accuracy of Estimates

The accuracy of any assessment of undiscovered sand and
gravel or bedrock resources, whether performed as a proprietary
exploration project or as a governmental or academic research
study, is largely controlled by the quantity and quality of
subsurface data. The most widely available source of subsurface
geological data for mapping resources is water-well logs ar-
chived by the Washington Department of Ecology, but the accu-
racy of the geology and locations recorded on these logs is gen-
erally poor. To reduce the inherent uncertainty introduced by
use of these logs, we depict hypothetical undiscovered resources
only where data from several water wells, together with other in-
formation such as landform analysis {geomorphology), geotech-
nical borehole data, outcrop descriptions, hydrologic data, and
mine data allow reasonable extrapolation of surficial data into
the subsurface.

We emphasize that this report almost certainty overestimates
the volume of construction aggregate in the Shelton quadrangle
that is available under current market conditions. Factors such
as shallow bedrock under surficial gravels, diminishing rock
quality with depth, unmapped areas of thick overburden, and lat-
eral geologic variation affect the precision of the report. Further-
more, history indicates that when a deposit is mapped in detail
using closely spaced drill or mining data, the reserve base is

Table 1. Classification of sand and gravel and bedrock rescurces, with examples relevant to this study (modified from U.S. Bureau of Mines and

U.S. Geological Survey, 1980)

IDENTIFIED RESOURCES (RESERVE BASE)

UNDISCOVERED RESOURCES

Demonstrated

Measured

Indicated

Inferred

Hypothetical

~ Speculative

Deposit whose engineering
properties, reserves in tons or
cubic yards, and grain sizes
are measured with a margin
of error <20% (that is, a mine
or a well-drilied prospect)

Deposit whose measure-
ments, together with reason-
able geologic projections,
can be used to compute
reserves in tons or cubic
yards

Reasonable extension of
indicated or measured
deposit (generally <0.50
mile); thickness contours can
be drawn with confidence

Undiscovered resources that
may reasonably be expected
to exist; applicable where
landforms, water wells, prox-
imal mines, or geophysical
data justify such extension

Unexplored surficial deposit
with no subsurface data

Active mine

Densely drilled deposit

Deposit with good subsurface
control

Possible deposit defined only
by limited subsurface control

Possible deposit; surficial
data only




commonly less than the volume of resource as determined from
reconnaissance mapping of the type shown on Plate 1. These
factors must be balanced against the fact that rising prices will
make some of today’s sub-economic resources (such as clay-
rich gravel deposits or rock buried under thick layers of overbur-
den) commercially attractive in the future.

Definition of a Significant Resource

This study is limited to assessing mineral resources of long-term
commercial significance. For the purposes of the Washington
Growth Management Act, sand and gravel and quarried bedrock
resources of long-term commercial significance are those aggre-
gate deposits that are large enough and of sufficiently high qual-
ity to contribute to the long-term economic health of a region.

In this study, we define significant resources as those depos-
its that are likely to yield at least 10 million cubic yards of recov-
erable aggregate that meets threshold criteria described below.
As calculated below, 10 million cubic yards is the approximate
volume necessary to maintain (but not expand) existing infra-
structure in a 100,000-person market during the 20-year period
mandated by the Growth Management Act.

Lingley and Manson (1992) estimated that the annual per-
capita demand for sand and gravel and crushed rock products in
Washington is approximately 12 cubic yards. An informal rule
of thumb used in industry and government is that about half of
the demand for aggregate in any market will be used to repave
roads, rebuild bridges, and remodel existing buildings, and half
is used for new construction. Therefore, a hypothetical mainte-
nance level of production for a 100,000-person market can be
approximated as follows:

100,000 persons x 12 cubic yards/year x 20 years x. 50% for
maintenance = ~10 million cubic yards

This value can be converted to tons, which is the unit of weight
used in most industry applications, by multiplying it by the den-
sity of the aggregate. For sand and gravel in outcrop, density is
at least 1.85 tons per cubic yard, and for rock, at least 2.4 tons
per cubic yard.

Local governments might want to designate at least double
this volume for every 100,000 people in order to ensure ade-
quate reserves to implement a 20-year comprehensive plan and
to meet other goals of the Growth Management Act (Lingley and
Jazdzewski, 1994).

Threshold Criteria Used in
Preparing this Inventory

In addition to containing a large volume of aggregate, any given
deposit must meet threshold criteria for strength, durability, and
ease of extraction in order to be considered as a mineral resource
of long-term commercial significance. Many geologic deposits
are inherently unsuitable; common rock types such as claystone
are weak, others are prone to chemical alteration and weathering
that render much of any given deposit inadequate for use as con-
struction aggregate, and some layered sedimentary and meta-
morphic rocks tend to break apart under the weight of heavy
trucks or infrastructure. Furthermore, extraction or develop-
ment costs for some deposits may exceed expected returns under
foreseeable market conditions. In order to account for these
issues in our inventory, we have developed the threshold criteria
described below to determine which resources should be in-
cluded. Although transportation cost is an important factor in
determining whether a deposit is commercially significant, we
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do not use it as a threshold criterion in this study because we are
not able to predict growth patterns within the quadrangle.

THICKNESS

Only those deposits that are known or likely to exceed 25 feet in
their thickest parts are depicted. A thin gravel deposit requires a
very large surface area to contain a significant reserve base. For
example, a 20-foot-thick deposit covering 20 acres would yield
only about 500,000 cubic yards of sand and gravel. Developing
deposits with large surface areas may require installation of a
conveyor belt system or trucking raw material within the mine to
a central processing plant, either of which adds significantly to
the capital required to operate a mine. Also, permitting costs per
unit of resource generally increase as a function of decreasing
thickness because developing thinner deposits requires greater
surface disturbance (and results in greater damage to the ecosys-
tem) per unit of aggregate produced. Because of these factors,
the value of the gravel in thin deposits may not exceed proceeds
from selling the land in its undisturbed state for its real-estate
value.

SURFACE AREA AND DIMENSIONS

Most gravel deposits are less than 100 feet thick, and, conse-
quently, must cover a fairly large area to contain a significant
volume of construction aggregate. The smallest geologic poly-
gons depicted on Plate 1 as significant sand and gravel deposits
cover at least 0.25 square mile (160 acres, or a quarter-sectior”
The volume of a typical 50-foot-thick sand and gravel unit
this size would be about 10 million cubic yards. Additionaliy,
we map only those sand and gravel deposits that have minimum
widths of 1,500 feet; deposits that have long, narrow map pat-
terns are generally inefficient to operate. Although environmen-
tal issues are not considered herein, long narrow sand and gravel
deposits are generally associated with rivers or streams where
mining cannot take place owing to environmental consider-
ations.

Although surficial extent is less important for bedrock units,
which can be very thick, we generally depict only those bedrock
polygons that cover at least 160 acres, a size that can be clearly
shown on a 1:100,000-scale map. We have included a few de-
posits smaller than 160 acres in surface area and (or) 1,500 feet
wide where exceptionally thick deposits or resources of special
local importance are present.

The surface area of each deposit was initially estimated us-
ing 1:100,000-scale geologic maps compiled by the Washington
Division of Geology and Earth Resources (2001) and other geo-
logic maps (Tabor and Cady, 1978; Walsh and others, 1987;
Dragovich and others, 2002). The resulting polygons were mod-
ified to show only the parts of the deposit known to meet the
other threshold criteria: This approach, taken to expedite the in-
ventory process, probably results in omission of some signifi-
cant resources.

OVERBURDEN

Economic considerations generally limit the volume of overbur-
den that can be removed profitably. Only those deposits that
have stripping ratios (ratios of overburden to sand and gravel or
rock) of less than 1:3 are included in this inventory. However,
supply restrictions, favorable topography, or other factors may
make removal of thick overburden economically feasible in
some mines. The largest stripping ratio reported for a profitable
mine in Washington has been 1:2, and historically, few sand and
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gravel deposits with more than 10 feet (3 m) of overburden have
been mined. The practice of topsoil sales and (or) synthesis is
one method of profitably disposing of thicker organic or clay-
rich overburden, but as a general rule, most overburden must be
saved for reclamation (Norman and others, 1998; Norman and
Lingley, 1992).

STRENGTH AND DURABILITY

In order to perform adequately as construction aggregate, gravel
or bedrock must have high compressive strength and resist deg-
radation when wet. Without these characteristics, the aggregate
cannot support the weight of roads or buildings. Much of the
vertical compressive strength, or load-bearing capacity, in a
concrete structure comes from grain-to-grain contact among in-
dividual pebbles that are effectively stacked and prevented from
shifting by cement and fine aggregate. Stronger aggregate has
many uses and commands a higher price, but weak rock has lim-
ited use. Minimum specifications for strength and durability of
various rock products are published by the Washington State
Department of Transportation (WSDOT) in Standard Specifica-
tions for Road, Bridge and Municipal Construction, 2000
(Washington State Department of Transportation, 1999), a key
reference book for the industry that is updated periodically.
Specifications for gravel and bedrock are determined with labo-
ratory tests including Los Angeles Abrasion, Degradation, Sand
Equivalent, Specific Gravity, and Stabilometer tests. Table 2
identifies some of the specifications required for certain uses of
aggregate.

For this study, we inventory gravel and bedrock that meet
WSDOT specifications for asphalt-treated base. Asphalt-treated
base is a compacted layer of aggregate coated with asphalt for
stability and weatherproofing and placed directly on bulldozed
earth or rock of the subgrade. Acceptable test results for asphalt-
treated base are shown in Table 2. If most tests of any given de-
posit exceed these specifications, then we depict the entire de-
posit as meeting the strength and durability threshold criteria.

In some markets, a lack of high-quality gravel and bedrock
has forced producers to mine deposits of lower quality. Homes
and infrastructure constructed with weak gravel or bedrock gen-
erally have relatively short life cycles. We have not inventoried
these lower-quality deposits because they do not meet the crite-
ria of this study. However, Appendices 2 through 4 will serve as
guides to the locations of some of the poorer-quality deposits, as
well as resources buried under thick overburden layers that may
become more attractive under future market conditions.

OTHER CONSIDERATIONS

Typically, sand and gravel deposits should
have a sand-to-gravel ratio of about 40:60
and be free of weak or otherwise deleterious
materials such as foliated metamorphic
rock, poorly indurated clasts, clay, iron ox-

permitting or extracting these resources. (However, we have not
considered deposits that lie within the Quinault, Skokomish, and
Squaxin Island Indian Reservations, Olympic National Park,
and the Colonel Bob, Wonder Mountain, and Mount Skokomish
Wilderness areas.) For example, all sand and gravel deposits on
the lower flood plains of rivers that meet the threshold criteria
are depicted in this report, even though most deposits on lower
flood plains cannot be permitted owing to adverse impacts to
aquatic and riparian habitat (Norman and others, 1998). There-
fore, this inventory must be used in conjunction with maps of en-
vironmentally sensitive areas and land-use status in order to ob-
tain a complete picture of available aggregate within the quad-
rangle.

Sources of Data

Published information on aggregate resources in the Shelton
quadrangle has previously been limited to brief comments in re-
gional assessments and to a few detailed studies of individual
properties. Principal sand and gravel pits and rock quarries are
listed in McKay and others (2001). Aspects of the aggregate
market in the Puget Sound region were discussed by Huntting
(1982) and White and others (1990). Detailed information per-
taining to the Johns Prairie pit and barge facility are given in an
environmental impact statement (Krautkramer, 1991; McLucas
and Associates, Inc., 1991). The geologic setting of the Robert-
son pit was described by Lasmanis (1988).

Data for existing and terminated mines are archived in
WADNR permit files, WSDOT pit-site files, and U.S. Forest
Service mine files. The thicknesses of mined units, for example,
are taken from the WADNR Form SM-2 (Application for Sur-
face Mining Reclamation Permit) or from other permit-related
documentation such as environmental impact statements. The
surface extents of geologic units are depicted on Washington Di-
vision of Geology and Earth Resources geologic maps
(Dragovich and others, 2002; Walsh and others, 1987; Washing-
ton Division of Geology and Earth Resources, 2001).
Hydrologic studies have been particularly useful in assessing
the stratigraphy of sand and gravel deposits (Hart-Crowser,
1994; Wills and Purdy, 1999). Such reports are included in vari-
ous types of environmental documentation, wellhead protection
studies, and water-resource reports. Logs of geotechnical bore-
holes (for example, boreholes for foundation engineering stud-
ies) have been useful. Water-well logs and some logs of
geotechnical boreholes are archived by the Washington Depart-
ment of Ecology and the WSDOT, respectively.

Table 2. Some specifications for construction aggregate products (after Washington De-
partment of Transportation, 1999). Los Angeles Abrasion and Percent Passing U.S. No. 200
Sieve measurements are in weight percent. Los Angeles Abrasion and Degradation specifica-
tions for coarse portland cement concrete aggregate are not rigorous because the gravel is
rarely exposed on the outside of concrete structures such as foundations or sidewalks

ides, sulfides, glassy volcanic rock, and or-
ganic matter (Kroft, 1972; Washington State
Department of Transportation, 1999).

Scope of Deposits Inventoried

In order to produce an objective analysis, we

have inventoried all deposits meeting the
threshold criteria defined above without

consideration of environmental impacts or
land-use conflicts that may be involved in

Product

Asphalt- Crushed Coarse aggregate | Ballast

treated (road) surfacing, for portland (road
Laboratory test (road) base top course cement concrete | subgrade)
Los Angeles Abrasion <30% <35% <35% <40%
Degradation =15 225 not used 215
Sand Equivalent 230% 235% not used 230%
Percent Passing U.S. 2-9% 0-7.5% 0-0.5% 0-95%
No. 200 Sieve (<0.0025 in.)




GEOLOGY OF CONSTRUCTION AGGREGATES
IN THE SHELTON QUADRANGLE

The following discussion of the geology of the Shelton quadran-
gle emphasizes only units that are significant aggregate re-
sources. More detailed geologic descriptions of the units that are
being mined or are considered a resource can be found in Appen-
dix 5.

Sand and Gravel Geology

Most large sand and gravel deposits in the quadrangle were de-
posited by ice-age glaciers, which at their extremes covered
much of the eastern half of the quadrangle (Bretz, 1913;
Thorson, 1980; Washington Division of Geology and Earth Re-
sources, 2001). Modern river deposits, known as alluvium, con-
stitute the only other sand and gravel resource in the study area.

Ice-age glaciers are generally called ‘continental ice sheets’.
In Washington, several continental glaciations, known as the
Cordilleran ice sheets, covered the entire Puget Lowland on at
least four occasions during the past 1.6 million years. The latest
advance was the Vashon Stade of the Fraser Glaciation. The
Puget lobe of this glaciation terminated its advance a few miles
south of the study area about 15,000 years ago, but older conti-
nental ice sheets extended somewhat farther south and west.

Sedimentary processes related to the Vashon ice sheet re-
sulted in two layers of potential construction aggregate; these
sandwich a non-commercial clay-rich layer. The lower layer,
known as ‘advance outwash’ (unit Qga'), is commonly suitable
for fine aggregate. In the Shelton quadrangle, it consists of sand
with subordinate gravel and cobbles that were deposited by gla-
cial streams at a distance of many miles from the snout of the ice.

A non-commercial layer called ‘till’ (unit Qgt) was deposited
as the ice covered progressively more of the Puget Lowland and
overrode the advance outwash. Till is deposited directly from
glaciers and consists of a mixture of unsorted clasts of various
rock types supported in a compact matrix of clay, silt, and sand.
Till was deposited along the margins of and underneath glaciers,
locally resulting in hummocky terrain. Most till in the Shelton
quadrangle is compact till that was deposited at the base of the
ice as an even layer or as streamlined hills called drumlins. Till
is unsuitable for construction aggregate and commonly consti-
tutes a thick overburden on top of advance outwash gravels that
may otherwise be acceptable for construction aggregate. How-
ever, the weight of the ice compacted the advance outwash, mak-
ing it relatively difficult to mine.

Near the end of the ice age, the glacier melted back, and
streams from the shrinking ice flowed across the surface of the
till. These streams deposited the third layer, ‘recessional
outwash’ (unit Qgo), which is composed of sand, gravel, and
boulders and constitutes the most important sand- and gravel-
producing unit in Washington. In the Shelton quadrangle, reces-
sional outwash is mostly composed of hard and durable clasts
that are chiefly from granitic sources in British Columbia and
can be used to make a variety of high-quality rock products. The
only overburden on these deposits is a veneer of wind-blown silt
and (or) modern alluvium.

Two types of recessional outwash have been identified in the
study area: channel deposits and deltaic deposits. Each time an
advancing Cordilleran ice sheet passed the present-day site of
Port Townsend, ice blocked northern end of Puget Sound, isolat-
ing the area to the south from the Pacific Ocean. Rivers issuing

' This and other unit symbols are discussed in Appendix 5.
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from the Cordilleran ice sheet and from the Cascade and Olym-
pic mountains were forced to flow southwestward to the Pacific
Ocean at Grays Harbor (Bretz, 1913; Thorson, 1980). This huge
drainage system carved the Chehalis River valley and other
southwest-trending channels and laid down extensive deposits
of high-quality boulder and gravel outwash.

At the same time, the outwash rivers poured sand and gravel
into proglacial lakes (lakes that formed just in front of the glacial
ice), forming deltas in the northeastern and western parts of the
present-day Shelton town site. These deltas contain a large re-
serve base of high-quality construction aggregate, dominated by
finer gravel and sand.

In addition to the continental ice, several major alpine
glaciations are recorded by the deposits left by glaciers that orig-
inated high in the Olympic Mountains. The most recent alpine
advance took place immediately before the Vashon continental
glacier advanced into the Puget Lowland (Washington Division
of Geology and Earth Resources, 2001; Thorson, 1980). Most
clasts in the alpine outwash are derived from bedrock in the
southern Olympic Mountains. The parent rock types are mainly
weak basalt and volcaniclastic sandstone of the Crescent Forma-
tion and Olympic core rocks (Tabor and Cady, 1978); these are
not suitable for construction aggregate.

Since the end of the last ice age, streams have eroded glacial
sediments and bedrock, transporting and redepositing them as
alluvium. As a result, alluvium deposits (unit Qa), like outwash
deposits, consist chiefly of sand, gravel, and cobbles with some
clay, silt, and boulders.

The quantity and quality of alluvial aggregate present on any
given river’s flood plain vary mainly as a function of drainage
basin geology and geometry. More specifically, higher-quality
aggregate results from longer transport distance and stronger
parent material. In the Shelton quadrangle, the alluvium of sev-
eral river systems consists mostly of fine aggregate because of:
(1) physical and chemical disaggregation during long transport,
(2) a predominance of weak rock types from the Olympic Moun-
tains, and (3) relatively low topographic relief resulting in rivers
in the southern half of the quadrangle having low gradients. For
example, low current velocities in the lower Hoquiam and
Wishkah Rivers in the southwestern part of the quadrangle can-
not transport boulders and cobbles. As a result, alluvium in the
Hoquiam and Wishkah river systems is dominated by sand and
silt. (Silt has little value as aggregate or fill.) In the lower
reaches of the Wynoochee and Humptulips Rivers, the alluvium
contains somewhat better-quality aggregate because steep head-
water gradients and long transport distances from the Olympic
Mountains removed much of the weaker material through
disaggregation processes. Alluvium of the East Fork Satsop
River and its major tributary, Wildcat Creek, contains a large
percentage of reworked granitic material from Vashon reces-
sional outwash together with some weaker clasts from the south-
ern Olympic Mountains, so the quality of aggregate varies.
Many of these alluvial deposits grade laterally into high-quality
recessional outwash.

Bedrock Geology

The bedrock geology of the Shelton quadrangle reflects a long
history of marine sedimentation and volcanism, but only a lim-
ited volume of igneous rocks from the Eocene Crescent Forma-
tion is suitable for construction aggregate. The Crescent Forma-
tion (unit Ev.) includes pillow basalts, volcaniclastic sand-
stones, basalt breccias, lava flows, and gabbroic dikes and sills.
This formation and its subdivisions (units Ev,, Evcr, and Eigb)
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cover much of the northern and western parts of the quadrangle.
Marine sedimentary rocks of the Montesano, Astoria, Lincoln
Creek, and Humptulips Formations and the Hoh lithic assem-
blage (Rau, 1973; Dragovich and others, 2002) comprise the re-
maining bedrock in the quadrangle; these rocks rarely meet our
threshold specifications.

Crescent Formation basaltic rocks have highly varied engi-
neering qualities and only rarely meet the asphalt-treated base
specifications for strength and durability. These rocks are gener-
ally weak because initial contact of the parent lavas with seawa-
ter created soft mineral products and because the formation is
dominated by fragmental volcaniclastic rock. However, colum-
nar basalts of the Crescent Formation produce high-quality ag-
gregate. The hexagonal columns generally formed in lava de-
posited on volcanic seamounts that built up to form islands, but
some may have formed in lava depos-
ited as sills. Columnar basalt is crushed
at the Kennedy Creek (sec. 29, TI9ON
R3W), Skookum (sec. 28, T19N R4W),
and McDonald (sec. 34, TI9N R4W)
quarries.

Pillow basalts are volcanic rocks

undiscovered bedrock resources are indicated in pink on Plate 1.
It is likely that these pink areas contain some areas of hard and
durable rock, but current mapping is not sufficiently detailed to
allow them to be delineated separately. Most of the pink areas
consist of weak volcanic sandstone, breccia, or thoroughly al-
tered basalt that are unsuitable for construction aggregate.
Aggregate mining has occurred at more than 235 sites in the
Shelton quadrangle. Currently there are 12 permitted sand and
gravel pits and 4 permitted bedrock quarries operating in study
area (Appendix 2). Large mines have been proposed at Johns
Prairie in northeast Shelton and at McEwen Prairie four miles
northeast of Shelton. Many small borrow pits and quarries that
are exempt from permit requirements under State law have been
developed for forest road construction and repair by the U.S.
Forest Service (24 mines), WADNR (29 mines), and private in-

Table 3. Larger active and proposed sand and gravel pits in the Shelton quadrangle. Data were
obtained from mine operators, WADNR permit files, and environmental impact statements. Values
in parentheses are projected rates if the proposed mine reaches full capacity. Values in brackets
represent the authors' estimates. Data were collected during June 2000. The conversion factor
from processed gravel volume to weight is 1.6 tons per cubic yard

that contain 0.5- to 4-foot-diameter ob-

late structures called pillows that form Approximate Approximate
where lava is erupted under water. Pil- o Current Locati re?ﬁf"e base a“““?lll?m‘ti““io"
low basalts in the Shelton quadrangle ine Name operator ocation (million tons) (million tons)
typically are deeply weathered because  Mason County
glassy rinds on the pillows, which L .
. M

formed when the lava was rapidly (p:lg;z:;t)ms Prairie site “é‘g;‘;ﬁ;‘“}ﬁi‘ } ?f‘ ;‘ﬁ;ﬁ‘:ﬁs‘ 03 (8.9)
quenched by cold seawater, eventually
break down (devitrify), forming weak, .Irv[%es ihelto?l pi.t and Milels Sand & 1 mi v»lfest 7 0.25
clay-rich layers around the pillows. - D. Shotwell pit Gravel Company of Shelton
These layers form a convenient path for ~ McEwen Prairie pit BB&R 4 mi northeast 5.7 0
subsequent destructive alteration of the  (proposed) of Shelton (0.26)
rock by hydrOthernjlal.ﬂmds' Genera_lly, Bayshore pit Bayshore Sand 3.5 mi northeast [3] 0.05
the clay-rich material is removed during & Gravel, Inc. of Shelton
aggregate processing at considerable Coffee Creek bi 1 G. Shi . ) 0
extra expense. Pillow basalt can be con- offee Creck pit Ronald G. Shipley 0.5 mi west 93

. . (mining not yet begun) of Shelton (@)
sidered a resource only where there is
little other material between the pillows  Huson pit Fred Hill 10 mi southwest 0.5 0
and the pillows are very hard, as in the Materials, Inc. of Belfair
Rgbgrtson (sec. 26, T20N R5W) and  Black Hills Project Peninsula Holding 1 mi northwest 0.3 0
Dinning (sec. 23, T20N R5W) quarries.  (proposed) Company, LLC of Shelton ™

Gabbro (unit Eigb), the coarsely  ycpeqvy Road pit Ace Paving 4.5 mi north 0.23 0.05
crystalline igneous intrusive equivalent Company, Inc. of Shelton
of basalt, is a locally significant re- o ) )
source where it forms large sills within Ace Johns Prairie pit CArt;e Pavn;g 34 x;ns Eo;’ttheast 0.2 0.01
the upper part of the Crescent Formation ompany, mne. ot Shetion
(unit Evg). Gabbro is mined at the Little Subtotal 82.3 0.36
Creek quarry (sec. 7, TI9N R3W). Grays Harbor County
However, gabbro exposed near Aber-
deen Reservoir (sec. 33, T21N R8W) is Humptulips gravel pit Quigg Bros. 0.5 mi southwest 1.2 0.1
intensely weathered to depths in excess Construction  of Humptulips
0f 20 feet and is not considered a signifi-  Evergreen pit Northwest 14 mi northwest {0.65] withheld
cant resource. Rock, Inc. of Elma
Garden City pit House Bros. 2.5 mi southwest [0.4] 0.01
AGGREGATE MINING AND Construction of McCleary
SIGNIFICANT UND LOP
DEPOSITS EVE ED Mouncer pit Northwest 6 mi northwest [0.08] [0.02]
Rock, Inc. of Elma

Sand and gravel resource areas are Subrotal 23 0.13
shown on Plate 1 as yellow polygons;
contours show approximate thickness in Total 84.6 0.45
feet. Areas that may contain speculative Total currently permitted 15.6 0.49




dustry. Locations of mines are shown on Plate 1, and additional
information on these mines is contained in Tables 3, 4, and 5 and
Appendix 2.

Interviews with major pit and quarry operators indicate that
about 850,000 tons of sand, gravel, and bedrock was produced
from the Shelton quadrangle in 2000. Based on typical per capita
demand (Lingley and Manson, 1992), approximately 600,000
tons of sand, gravel, and bedrock might be consumed annually
in the study area. Statewide demand has been reduced consider-
ably by the 2001 recession (Grant Newport, Weyerhaeuser
Company, oral commun., 2002; Ron Summers, Glacier North-
west, Inc., oral commun., 2002). The difference between local
consumption and production estimates (about 30% in 2000)
probably represents the volume of aggregate exported to more
populous regions to the south and east.

In the following discussion, the terms ‘active’ and ‘termi-
nated’ refer to those mines with WADNR reclamation permits.
Small pits and quarries that have not been permitted are referred
to as borrow pits.

Sand and Gravel Resources

About 160 sand and gravel pits have been developed and cata-
loged in the Shelton quadrangle (Appendix 2), but of these, only
seven are considered significant in terms of potential to impact
the market (that is, have more than 0.5 million tons of reserve
base listed in Table 3). These have a cumulative reserve base of
approximately 15 million tons of sand and gravel.

In addition, several undeveloped sand and gravel deposits
are present in the southeastern part of the quadrangle (Plate 1).
Of these, the largest is the Johns Prairie deposit (sec. 9, T20N
R3W). A proposed pit at Johns Prairie has estimated reserves of
about 63 million tons of fine aggregate and is in the final stages
of environmental review (McLucas and Associates, 1991).

ALLUVIAL DEPOSITS

Alluvium is mined near the village of
Humptulips at the Humptulips gravel pit
(sec. 18, T20N R10W), where 30 to 35
feet of sand and gravel are present. The
Evergreen pit in the lower Wynoochee
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deposits are as much as 81 feet thick near the center of the valley
(sec. 31, TI9N R6W; Appendix 4).

RECESSIONAL OUTWASH

Recessional glacial outwash (unit Qgo) covers much of the east-
ern half of the quadrangle. This is the most important aggregate-
producing unit in the study area because it is typically unconsol-
idated and is overlain by little overburden (facilitating inexpen-
sive excavation and processing) and at least half of the gravel is
composed of durable granitic clasts from Canada. The best sand
and gravel resources identified to date within the Shelton quad-
rangle are at Shelton (T20N R3W) and Elma (T18N R6W). Re-
cessional outwash is the most intensely mined unit, containing
eight active mines (WADNR permit nos. 10287, 10563, 10963,
12108, 12381, 12493, 12550, and 12890), ten depleted mines
(WADNR permit nos. 11224, 11341, 11379, 11662, 11690,
11724,11855,12055, 12110, and 12760), three proposed mines,
and at least 60 borrow pits. These mines and borrow pits to-
gether cover more than 921 acres.

Within the study area, outwash deposits have a variety of ori-
gins, including recessional deltas in proglacial lakes, outwash-
channel deposits, terraces, and outwash plains. Recessional del-
tas are flat lying uplands that drop abruptly into adjacent val-
leys. Outwash channels are discrete valleys generally less than
three miles in width and filled with coarse sediment. Outwash
terraces are benches formed where a river cut down into
outwash deposits after glacial ice retreated from adjacent areas.
Outwash plains are broad, gently sloping areas where braided
meltwater streams laid down sheets of sand, gravel, and coarser
rock. All of these landforms are associated with both continental
ice sheets and alpine glaciers.

In addition to these distinct landforms, the presence of prai-
ries can indicate sand and gravel deposits. Most prairies in the
Puget Sound region are located on porous and permeable reces-
sional outwash gravels where the absence of clay in the sedi-

Table 4. Larger bedrock quarries in the Shelton quadrangie. Values in brackets are from
WADNR files. The value in parentheses is the projected rates if the proposed mine reaches full ca-
pacity. The conversion factor from basaltic or gabbroic weight to volume is 2.4 tons per cubic yard

River valley (sec. 16, TI8N R8W) also

produces from alluvium. It has a similar Approximate Approximate

logi tting to that of the Hump- Current reserve base  annual production
ge(_) og]? seting N i D Mine Name operator Location (million tons) (million tons)
tulips River and contains approximately
40 feet of alluvial sand and gravel over-  Mason County
1}’1ng_ compact noncommerCIal CI%Y' and  skookumrock quarry  Port Blakely Tree 5 mi northeast 20 0
silt-rich gravel. Surficial expressions of  expansion (proposed) Farms, L. P. of McCleary 0.n
thi it terminate directl
th 5 (.ifpf(,)ls N 613 b f’ c dl rec:.y n(;)rtllll of Kennedy Creek quarry Thurman 7 mi south 19 0.2

e pit (Plate 1), ut exploration drilling Enterprises, Inc. of Shelton

farther upstream will probably delineate
additional areas underlain by sand and Little Creek quarry Arris Kollman 4.5 mi south 4.8 0.06
gravel. Alluvium along the lower Sko-  (Proposed) Trucking, Inc. of Shelton
komish River valley (sec. 16, T2IN,  McDonald rock quarry McDonald 5.5 mi fortheast [4.5] minor
R4W) may be of local commercial inter- Land Company of McCleary
est, but it is not depicted on Plate 1 be- Skookum rock quarry Vessey & Sons 5 mi northeast 1.7 0.05
cause strength and durability data are of McCleary
lacking and overburden is locally thick G .
(Appendices 2,3, 4). rays Harbor County

Alluvial deposits in the lower to Wishkah quarry Wishkah Rock 11 mi east 1.5 0.1
middle reaches of the Satsop River val- Products, Inc. of Humptulips
ley }nclude high-quality sanc.i and gravel Total 51.5 0.41
derived from reworked glacial outwash.
Well logs suggest that sand and gravel Total currently permitted 26.7 0.35
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ment and the well-drained nature of the gravel favors grassland
vegetation.

Recessional Outwash Deltas

Recessional outwash deltas that built out into proglacial lakes
contain the largest and highest-quality sand and gravel deposits
in Washington (Lingley and Jazdzewski, 1994). In the Shelton
quadrangle, four of these deposits have been mapped, the
Shelton, Johns Prairie, Kamilche, and Isabella Lake deltas (Fig.
1). The Shelton and Johns Prairie deltas each are greater than
100 feet thick, contain unconsolidated sand and gravel, and have
little overburden. All four deposits can be identified by their
foreset beds, which are roughly planar gravel layers that are
tilted at approximately 35 degrees. Foreset beds form as a result
of gravel rolling down the face of a delta and settling at a slope
known as the angle of repose where a stream empties into the
still waters of a lake. Because these beds are close to the slope
angle on which sliding will occur, excavation with front-end
loaders, which require that gravel fall into a bucket, is feasible.
Consequently, mining is relatively inexpensive because front-
end loaders can move sand and gravel faster than other small-
scale excavation methods. Proglacial deltas in the Shelton quad-
rangle have flat surfaces about 100 feet above the adjacent val-
leys, corresponding to the approximate elevation of the surface
of the lake into which local streams flowed during the waning
stages of the ice age.

Shelton delta — The Shelton delta is located directly west of
Shelton (sec. 24, T20N R4W). It was formed by a major ice-age
river that issued from the southwestern edge of the melting con-
tinental glacier and cut a prominent outwash channel that emp-
tied into a proglacial lake. Goldsborough Creek later cut through
the deltaic deposit, removed much sand and gravel, and isolated
a small volume of sand and gravel on the south side of the creek
(Plate 1). East of U.S. Highway 101 on the north side of Shelton
Valley, the deposit is largely covered by a housing development.
The deposit is in excess of 125 feet thick and contains alternat-
ing gravel-rich and sand-rich foreset beds. The foreset beds dip
to the east-southeast. The Miles Shelton pit, the largest sand and
gravel mine currently operating in the quadrangle, produces
from the part of the deposit north of Goldsborough Creek
(WADNR permit no. 10563). Adjacent to the Miles Shelton pit
is the geologically similar J. D. Shotwell pit (WADNR permit
no. 10287). The two mines together cover a total of 130 acres.

Johns Prairie delta — The Johns Prairie delta is located north-
east of downtown Shelton and west of Oakland Bay (sec. 9,
T20N R3W). This delta probably formed in the same proglacial
lake as the Shelton delta but from a different outwash channel.
The Johns Prairie deposit has little silt or clay, but is dominated
by fine gravel and sand. (Aggregate producers prefer a great
range of particle sizes including abundant cobbles, which can be
used to manufacture crushed aggregate products.) Sand-rich
foreset beds that dip southeastward can be seen in the eastern
edge of the deposit (sec. 3, T20N R3W). This deltaic deposit
supports parts of three active mines (WADNR permit nos.
10963, 12381, and 12493), one proposed mine (WADNR appli-
cation no. 12931), and one borrow pit, together covering a total
of more than 401 acres. The largest of these properties is the pro-
posed 354-acre Johns Prairie mine. In this area, the delta thins
northwestward from 175 feet near Oakland Bay to 25 feet at the
western boundary of the proposed mine (McLucas and Associ-
ates, Inc., 1991). The mining plan includes shipping sand and
gravel by barge to markets in more populous parts of the Puget
Sound region.

Other deltas — The small Kamilche delta is exposed only in the
northeastern road cut at the junction of U:S. Highway 101 and
State Highway 108 at Kamilche (sec. 18, TI9N R3W). This de-
posit is 110 feet thick and overlies basalt of the Crescent Forma-
tion. Another deposit is located at Isabella Lake (sec. 36, T20N
R4W). The surface expression of the northwestern part of this
deposit suggests it may be a recessional outwash delta with an
upper surface at about 180 feet elevation. However, it contains a
large fraction of silt and clay relative to the other deltas, and few
large-scale deltaic features such as foreset beds are exposed. A
terminated gravel mine (WADNR permit no. 11341) and a bor-
row pit, covering a total of about four acres, have been devel-
oped within the Isabella Lake deposit.

Recessional Outwash Channels

Recessional outwash channels are present where rivers issuing
from a receding glacier carved discrete channels through older
units and later deposited additional, younger outwash gravels in
the resulting depressions. Generally, the channels are one to
three miles wide and are cut in glacial till. These channels now
contain under-fit streams, that is, streams that are too small and
slow moving to have carved the valleys they currently occupy.

The southeast-directed Johns Creek and Winter Creek
outwash channels, which fed the Shelton and Johns Prairie del-
tas, are preserved between the Skokomish River valley and
Shelton. Two other ice-age channels, the Bingham Creek and
Chehalis River channels, drained southwestward through the
study area; the East Fork Satsop River and Wildcat Creek are ex-
tensions of these channels.

Johns Creek channel — The Johns Creek outwash channel has
been mapped in detail using data from a large number of water-
well logs and observations from gravel pits. The outwash is typi-
cally 25 to 50 feet thick and dominated by fine aggregate. Johns
and McEwen Prairies are located along this channel, which
stretches from the southern highland above the Skokomish Val-
ley to the western edge of the Johns Prairie delta.

Winter Creek channel — The Winter Creek outwash channel
(T21N R5W), which was mapped mainly on the basis of its
geomorphic expression, appears similar to the Johns Creek
outwash channel. It fed the Shelton delta and contains outwash

Table 5. Surficial and bedrock map units developed for mineral aggre-
gate in the Shelton quadrangle. n, number of data points

Los Angeles Abrasion Washington

No. of (percent) Degradation
Map unit  mine sites Range Mean (n) Range Mean (n)
Large mines
Qgo 14 12-27.8 16.9 (8) 48-75 59(7)
Qa 3 13.7-15.2  14.6(3) 34-50 44 (3)
Qga 2 _ _— _ -
Ever 4 11-21 16 (3) 1-63 28 (3)
Small pits
Qgo 60 10.4-21.8 14.8(19) 19-77 51 (16)
Qa 11 — — — —
Qga 7 9.5 9.5(1) 43 43(1)
Ever 66 14.8-40 22 (35) 1-85 31 (31)
Evep 5 11.7-20.5  16.3(4) 17-75 48 (3)




generally 25 to 50 feet thick in its southeastern reaches. How-
ever, we are unable to estimate the thickness of sand and gravel
in the northern part of the Winter Creek channel due to a lack of
subsurface data, but we believe it is more than 25 feet thick
within the channel.

Bingham Creek channel — The Bingham Creek outwash chan-
nel (in the eastern half of T20N R6W) contains abundant coarse
sand and gravel that is locally more than 50 feet thick. This
channel drained into the East Fork Satsop River and eventually
to Grays Harbor. It is fairly wide and there is a possibility that
the great volume of water escaping from the nearby ice scoured
the channel deeply prior to deposition of the outwash. These
reasons suggest that the Bingham Creek channel may contain
significant resources. The deposit is probably similar in quality
to the outwash terraces along the Satsop River (see below).

Chehalis River channel — A small part of the Chehalis River
outwash channel extends into the southern part of the Shelton
quadrangle between Elma and Satsop (T18N R6W). This
outwash channel drained the entire Puget Sound region during
the time the continental glacier blocked northward drainage
through the Strait of Juan de Fuca. Due to a lack of data from
deep water wells, the maximum thickness that can be contoured
is 50 feet (Plate 1). Well logs indicate that sand and gravel de-
posits may be in excess of 100 feet thick, and extensive mining
of this deposit occurs south and southeast of the quadrangle
(Leslie Lingley, Leslie Geological Services, oral commun.,
2001). However, a large wetland south of Hunters Prairie is cov-
ered with thick overburden of peat.

Satsep Outwash Terraces and Prairies

Thick sand and gravel sequences are contained in terraces along
the Satsop River that formed from outwash deposits that were
incised by rivers in response to post-glacial uplift. Elsewhere in
the quadrangle, outwash plains and channels that have not been
incised form prairies.

Outwash terraces along the Satsop River form important po-
tential sources for sand and gravel. Well data suggest gravel
thickness on these terraces increases northward, from about 40
feet at the Mouncer pit (sec. 14, T18N R7W) to greater than 60
feet south of Carstairs Prairie (center of TI9N R6W). Carstairs
Prairie appears to be an extension of the outwash plain along the
Satsop River that has not been incised. Carstairs Prairie also is
located directly adjacent to the maximum extent of the Vashon
glacier (Washington Division of Geology and Earth Resources,
2001), which suggests that deposits there probably contain a
significant percentage of cobbles and boulders. No contours are
shown for the prairie due to a lack of subsurface data. However,
the size of the prairie (~1,600 acres) and the thickness of adja-
cent terrace deposits suggest it could overlie important re-
sources. Within the outwash terraces along the Satsop River,
there are at least four borrow pits and one active pit (WADNR
permit no. 12108), covering more than 7 acres total.

In addition to those previously discussed, other prairies that
could contain sand and gravel deposits are Scott, Buck, and
Goose Prairies (Plate 1). However, most prairies are not shown
as sand and gravel resources on Plate 1 due to a lack of sub-
surface data.

Other Recessional Outwash Deposits

An extensive area that appears to contain vast sand and gravel
resources is centered about 10 miles west of Shelton. However,
well logs, field observations, and data from pits indicate that this
is a recessional outwash plain where only 5 to 10 feet of gravel
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overlies non-commercial glacial till. Although two borrow pits
(sec. 17, T20N R5W and sec. 26, T21N R5W) have been devel-
oped in this plain (Appendix 2), it does not meet the threshold of
a significant resource used herein. Throughout the northeastern
part of the Shelton quadrangle, veneers of outwash are sporadi-
cally present. In these areas, sand and gravel are preserved be-
tween elongate hills known as drumlins or fluted till. These ar-
eas are peppered with small borrow pits for forest road construc-
tion and maintenance, but because the deposits are thin, they are
not mapped on Plate 1.

A large sand and gravel deposit is covered by residential
housing at the Dayton Trails subdivision (sec. 8, T20N R4W),
northeast of the town of Dayton. It is exposed in a large road cut
and in a borrow pit in the southern part of the deposit and is de-
fined in the subsurface by two water-well logs that show as
much as 117 feet of sand and gravel. The deposit appears to thin
toward the north; its western extent is unknown. The geomor-
phology of this deposit and lack of till above the sand and gravel
suggest that it is recessional outwash.

ADVANCE OUTWASH

Advance outwash (unit Qga) is sediment deposited by rivers
flowing from the continental ice sheet as it advanced. Generally,
advance outwash is overlain by till. In the study area, the thick-
est deposits of advance outwash are along the margins of Hood
Canal and the walls of the Skokomish Valley. Erosion exposes
as much as 175 feet of sand and gravel in the Skokomish Valley.
The thicknesses were determined using water-well logs (see Ap-
pendix 4) and measured stratigraphic sections in sec. 13, T21N
R4W and sec. 5, T2IN R4W (see Appendix 3 and Plate 1). Ad-
vance outwash is also documented from well logs on uplands
north and south of the valley. In the study area, advance outwash
typically is more consolidated than recessional outwash, con-
tains more silt and clay, and has till as overburden. Although not
depicted as a significant resource on Plate 1, its importance
could increase in the future. Mines that are entirely or partially
developed in advance outwash include three permitted mines
(WADNR permit nos. 12366, 12381, and 12639) and seven bor-
row pits, covering more than 155 combined acres. However, of
the three mines, only one is currently producing aggregate; the
other two are inactive.

Bedrock Resources

There is a shortage of quality bedrock products in the Shelton
quadrangle, especially the larger rock products used in applica-
tions such as rip rap, jetty stone, and retaining walls. The only
bedrock of sufficient quality to map as speculative undiscovered
resources are the Crescent Formation basalts and related intru-
sive igneous rocks. The outcrop pattern of these units is depicted
on Plate 1 by pink polygons in the area southwest of Shelton.
However, most of the Crescent Formation is weak volcaniclastic
rock, and exposures of strong and durable bedrock are generally
limited to thin igneous structures such as lava flows, sills, and
dikes. Mapped hard and durable Crescent Formation resources
are less than 160 feet thick. Folding, faulting, and deposition of
thick overburden complicate development of these limited re-
sources.

Bedrock has been quarried from at least 76 sites in the
Shelton quadrangle (Appendix 2), although most of these are
small borrow pits and are unimportant in terms of contribution
to the market. The largest and most productive bedrock quarries
in the Shelton quadrangle are located in Mason County, south of
Shelton and northeast of McCleary (Plate 1, Table 4) and pro-
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duce from the Crescent Formation. The largest permitted prop-
erty is the Kennedy Creek quarry, which has an estimated re-
maining reserve base of about 19 million tons. The Wishkah
quarry in the western half of the quadrangle (sec. 19, T20W
R8W) has an estimated 1.5 million tons of reserve base. Other
permitted properties in the quadrangle have a combined reserve
base totaling about 6.2 million tons.

Significant Crescent Formation bedrock resources within
the Shelton quadrangle can be grouped into three areas on the
basis of volcanic rock type. These areas are located in the south-
eastern part of the study area, and each consists of several poly-
gons. The first consists mostly of pillow basalts and is centered
about 3.5 miles south of Nahwatzel Lake. The second area is
chiefly composed of gabbroic sills and is centered about 1.5
miles south-southeast of Isabella Lake. The third area lies on ei-
ther side of the Kamilche Valley and Skookum Creek and con-
tains basaltic lava flows.

In the area near Nahwatzel Lake, resources consist of four
pillow-basalt-dominated polygons (SE' T20N R5W), two of
which contain the Robertson and Dinning quarries. Both of
these quarries produce basalt that meets our criteria for strength
and durability; there is little clay-rich material between pillows
and no volcanic glass, and the pillows themselves are hard and
durable.

The two polygons composed of gabbroic sills are present in
the area south of Isabella Lake (NE' T19N R4W). The north-
eastern polygon contains the proposed Little Creek quarry
(WADNR permit application no. 12882), which would cover a
total of 35 acres. The plan of mining is to excavate the sill that is
present in the mine and the adjacent basalt to a depth of 160 feet.
The southwestern polygon in this area has not been developed.

The largest area of potential bedrock resource consists of a
cluster of five polygons adjacent to Kamilche Valley (S T19N
R4W). This area is somewhat of an anomaly within the Crescent
Formation because three quarries produce from roughly hori-
zontal basalt flows that are probably greater than 100 feet thick.
The ellipsoidal pattern of the outer boundary of this cluster of
polygons shown on Plate 1 is intentional to highlight the uncer-
tainty in the distribution of the high-quality bedrock rather than
to delineate its exact location. Future geologic mapping would
be required to accurately delineate the extent of bedrock and to
determine if the mines are producing from the same basalt flow.
Three active mines (WADNR permit nos. 12460, 12642, and
12710), one proposed mine, and two borrow pits, covering a to-
tal of more than 295 acres, are in Crescent basalt in this area. The
large active quarries are the Kennedy Creek, Skookum Rock,
and McDonald Rock quarries. Basalt at the Kennedy Creek and
Skookum Rock quarries forms near-vertical columns ranging
from 12 to 18 inches in diameter. A proposed 110-acre expan-
sion north of the current mine boundary could increase the
Skookum Rock quarry’s reserve base by approximately 20 mil-
lion tons. Columns at the McDonald Rock quarry are 4 feet in di-
ameter and vertical. WSDOT quality testing has not been per-
formed on material from this quarry, but visual inspection using
Universal Rock Classification System (URCS) tests (William-
son, 1984) suggests the rock is of high quality.

The Wishkah quarry (WADNR permit no. 12893; sec. 19,
T20N R8W), located in Grays Harbor County east of
Humptulips, is developed in a mixture of pillow basalt and mas-
sive basalt or volcaniclastic sandstone of the Crescent Forma-
tion (unit Ev). The massive basalt is undesirable because it is
weak, although the operator is able to selectively mine higher-
quality pillow basalt. The quarried rock is used almost exclu-
sively for construction and maintenance of forest roads. Tests

conducted by Grays Harbor County indicate Los Angeles abra-
sion values of 21 percent and degradation factor of 1, although
tests by an independent laboratory indicate Los Angeles abra-
sion values of 18 percent and degradation factor of 18 (Doug
Schermer, Wishkah Rock Products, oral commun., 2000). In
spite of the variable quality at this quarry, much crushed bedrock
is hauled south to Aberdeen, north to Humptulips, and west to
the coast because it is the only commercial quarry rock on the
west side of the quadrangle, outside of Native American lands.

VOLUME OF AGGREGATE

The volume of aggregate currently available in major permitted
mines was tabulated using data supplied by mine operators in
June 2000 (Tables 3 and 4). Reserve bases for permitted proper-
ties are based on values listed on permit applications filed with
the WADNR (Form SM-2) and augmented with information
from field investigations and personal communication with op-
erators. A reserve base in tons is obtained by multiplying cubic
yards by conversion factors of 1.6 tons per cubic yard for pro-
cessed sand and gravel and 2.4 tons per cubic yard for processed
basalt and gabbro. Depletion is estimated by field observation or
multiplying average annual production rates by the years of past
production. For many sites, the operator confirmed our percent
depletion estimates.

Permitted sand and gravel pits within the Shelton quadrangle
contain about 15.6 million tons (9.75 million cubic yards) of ag-
gregate in reserve. The production rate for these pits is about
0.49 million tons per year (0.3 million cubic yards per year).
These data suggest existing sand and gravel pits in the Shelton
quadrangle pits will be depleted in about 31 years. Permitted
bedrock quarries have about 26.7 million tons (11 million cubic
yards) of aggregate in reserve. The production rate for these
quarries is 0.35 million tons per year (0.15 million cubic yards
per year). These data suggest existing bedrock quarries in the
Shelton quadrangle will be depleted in about 76 years. However,
depletion calculations for sand and gravel and bedrock mines
are merely a snapshot in time. A number of factors can cause
these calculations to be misleading, including changing market
conditions, inaccuracies in reserve-base estimates, and the shift-
ing production to new mines.

MARKET CONSIDERATIONS

Historically, the principal market for sand and gravel and bed-
rock aggregate in the Shelton quadrangle has been small com-
munities. Most bedrock quarries and several pits in the south-
eastern part of the study area have ready access to markets along
U.S. Highway 101 or State Highway 108. (See Plate 1.) How-
ever, the geographical distribution of pits and quarries in other
parts of the quadrangle with respect to end use has resulted in
long haul distances and high prices. About 30 percent of the ag-
gregate mined within the Shelton quadrangle is exported to the
rapidly growing Puget Sound region. This percentage will likely
increase in the future. For example, large volumes of sand and
gravel from the proposed Manke Johns Prairie pit, if permitted,
will be barged to markets in the eastern Puget Sound area out-
side of the Shelton quadrangle. Another consideration is that
most of the large bedrock quarries are located in southeast cor-
ner of the quadrangle. Consequently, aggregate is abundant and
transport costs are low in the vicinity of these quarries, but con-
sumers in much of the western half of the Shelton quadrangle
have few options for obtaining quarried bedrock at low cost. As
a result, rock from the Wishkah quarry, some of which appears



to be of poor quality, has been hauled long distances throughout
the western part of the quadrangle.

Increasingly, environmental considerations are affecting the
sand and gravel market. For example, in the Humptulips area, as
with much of the western part of the quadrangle, alluvium is the
only source for high-quality aggregate. Flood-plain mining of-
ten has negative impacts on river ecosystems (Norman and oth-
ers, 1998), but in the western half of the quadrangle, there are
few other options. In the Shelton area, the availability of reces-
sional outwash reduces the probability that alluvium from the
Skokomish River valley will be mined commercially.

The quality of available aggregate is an important market
consideration. Generally, the industry prefers sand and gravel
deposits that contain a proportion of cobbles and small boulders
suitable for crushing to manufacture feedstock for asphalt ag-
gregate. The percentage of sand, silt, and clay must be low. In
the Shelton quadrangle, sand and gravel deposits in the most in-
tensively mined geologic unit, Vashon recessional outwash, typ-

“ically have excessive amounts of fine gravel and sand and lack
adequate volumes of cobbles and boulders. Although advance
outwash deposits can be thick, they tend to contain large quanti-
ties of silt, clay, and detrimental mineral cements. One large pit
is currently producing aggregate from advance outwash, and
two more are permitted but have not commenced operations. In
the future, industry might shift from relatively thin recessional
outwash pits to thicker advance outwash pits. However, the
washing process, removal of thick overburden, and ripping of
these consolidated deposits could result in considerable extra
cost and detrimental environmental impact.

SUMMARY

We have made a reconnaissance-level study of the aggregate re-
sources in the Shelton 1:100,000 quadrangle to identify the ex-
isting and potential deposits that may be of interest, using the
following criteria:

B Sand and gravel or bedrock deposits must appear to be in ex-
cess of 25 feet thick.

B The ratio of overburden to sand and gravel or overburden to
rock must be less than 1 to 3.

B The rock must meet Washington State Department of Trans-
portation minimum specifications for strength and durability
of asphalt-treated base (a rock product used to construct
some lower layers of asphalt roads).

B The area of the deposit exposed at the surface must exceed
both 160 acres and 1,500 linear feet as measured along the
minimum dimension of the deposit, or the reserve base must
exceed 10 million cubic yards. A few exceptions are in-
cluded where unusually thick deposits or resources of special
local importance are present.

The Shelton quadrangle contains a moderate volume of sand
and gravel (Tables 3 and 4; Plate 1) dominated by finer aggre-
gate. The most significant sand and gravel deposits were origi-
nally laid down by ice-age rivers, but alluvium or modern river
deposits are also mined. Currently, Vashon recessional outwash
is the most widely used sand and gravel resource, and it will
probably continue to be important well into the future. However,
the large percentage of sand and fine gravel diminishes the value
of this resource. Gravel pits in recessional outwash deltas con-
tain the largest sand and gravel resources in the quadrangle, but
two major recessional channels and several terrace deposits are
also important. A number of operations are permitted to mine
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advance outwash, but their total production is relatively low. In
the western half of the quadrangle, gravel is being mined only
from alluvium on the flood plains of the Humptulips and
Wynoochee Rivers.

The only significant bedrock unit mined in the quadrangle is
the Crescent Formation, but most of this rock fails to meet the
asphalt-treated base specification for strength and durability
used in this study. Within the Crescent Formation, the highest-
quality bedrock is located in the southeast quarter of the quad-
rangle where quarries produce from thick columnar basalt flows
and lesser gabbros and pillow basalts.

Most of the permitted and proposed pits and quarries are lo-
cated in the eastern half of the quadrangle. Currently permitted
gravel pits in the Shelton quadrangle contain about 15.6 million
tons (9.75 million cubic yards) of aggregate in reserve. The pro-
duction rate for these pits is about 0.49 million tons (0.3 million
cubic yards) per year. If permitted, proposed gravel pits will add
approximately 69 million tons to the sand and gravel reserve
base, 63 million tons of which would come from the Johns Prai-
rie mine. Currently permitted bedrock quarries have about 26.7
million tons (11 million cubic yards) of aggregate in reserve.
The production rate for these quarries is 0.35 million tons (0.15
million cubic yards) per year. If permitted, proposed bedrock
quarries will add approximately 24.8 million tons to the reserve
base; 20 million tons would come from expansion of the
Skookum Rock quarry.

The larger pits and quarries could easily satisfy the need of
the local consumers for many decades. However, based on pro-
duction and population data, we expect that at least 30 percent of
the permitted and proposed aggregate resources in the quadran-
gle will eventually be exported to more populous regions of
Puget Sound. ’
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Appendix 1. Glossary of mining-related terms

The terms defined below are modified from Jackson (1997), American Geological Institute (1997), and Washington State Department of Transporta-

tion (1999).

Aggregate, construction aggregate — A mixture of sand and gravel or
sand and crushed rock used in portland cement concrete, asphaltic con-
crete, mortar, plaster, or graded fill. Gravel and crushed stone that are in
grain-to-grain contact in the aggregate are strong enough to support the
weight of roads, buildings, or other infrastructure. The sand keeps the
coarse aggregate in grain-to-grain contact by limiting the ability of the
larger particles to shift laterally.

Alluvium — Unconsolidated boulders, cobbles, pebbles, sand, silt, and
(or) clay deposited relatively recently from a stream or river and sorted
by the current velocity.

Asphalt — Heavy oil (tar) produced from oil wells that is used to make
asphalt roads.

Asphaltic concrete—- Concrete made of asphalt and crushed aggregate.

Asphalt-treated base — A specific construction aggregate used to pre-
pare the base of an asphaltic concrete road.

Basalt — A black volcanic rock that is finely crystalline. Basalt is the
most common rock in the earth’s crust and forms the floor of almost all
of the oceans. In Washington, basalt covers the entire Columbia Basin
and much of the Cascade Range and high Olympic Mountains. Basalt
that erupted on land (for example, the Columbia River Basalt Group) is
hard and makes excellent crushed aggregate, whereas basalt that
erupted on the sea floor is commonly weak (for example, much of the
Crescent Formation basalts).

Boulder — A rock fragment larger than 10 inches (256 mm) in diameter
that has been somewhat rounded by abrasion in the course of transport.

Cement — (1) baked limestone dust and water that glues aggregate parti-
cles together to form concrete; (2) minerals, usually precipitated from
hydrothermal fluids, that naturally glue the grains of a rock together
creating a hard sediment or harder rock.

Clast — A rock fragment of any size, initially broken off bedrock by the
force of water freezing in cracks or by impact from another rock. Clasts
become smaller as they roll off a hillside and (or) down a stream.

Clay — Sediment composed of particles that are plastic, consolidated
when dry, and are smaller than 0.000079 inch (0.002 mm) in diameter.
Clay will not support weight (it behaves as a paste) because it is com-
posed primarily of platy clay minerals. Clay is unsuitable for use in con-
struction aggregates, and even small amounts must be washed off
coarser aggregate.

Coarse aggregate — Gravel or crushed stone that is larger than % inch
(4.76 mm) in diameter. All clasts in coarse aggregate are larger than pea
gravel (pebbles, cobbles, and boulders).

Cobble — A rock fragment larger than a pebble, but smaller than a boul-
der, having a diameter in the range of 2% to 10 inches (64256 mm) that
has been somewhat rounded by abrasion in the course of transport.

Construction aggregate — see Aggregate

Cross-bed — A bed inclined at an angle to the main plane of stratifica-
tion. Usually indicates deposition in a delta.

Crushed stone — Bedrock, cobbles, or boulders that have been crushed
with a mechanical crusher to gravel-size rock fragments with at least
three freshly broken faces. Crushed stone makes an excellent base
course for road construction because the rock fragments tend to form an
interlocking matrix. It is the only material suitable for asphaltic con-
crete because asphalt sticks only to freshly broken surfaces.

Degradation Test — A laboratory test designed to test the durability of
rock under wet conditions. The degradation number indicates the per-
centage of rock remaining intact after tumbling in a wet chamber. Large
numbers indicate favorable rock for construction aggregate.
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Dike — A tabular intrusive rock that cuts across the bedding or foliation
of the country rock.

Fine aggregate — Sand and gravel or crushed stone that will pass
through a Y4-inch (4.76 mm) sieve, but will be trapped in a 200 mesh
(ultrafine) sieve. .

Granite — A light gray or pink, coarsely crystalline (typically Ys-inch
crystals) intrusive igneous rock composed of the hard minerals quartz
and feldspar with minor amounts of black mica and black iron-magne-
sium-rich minerals. Granite and closely related rocks can make excel-
lent construction aggregate.

Gravel — An unconsolidated natural accumulation of typically rounded
rock fragments resulting from erosion and consisting predominantly of
particles larger than sand, such as boulders, cobbles, and pebbles, in
any combination.

Intrusive rock — Igneous rock that was emplaced below the earth’s sur-
face as a magma that cooled very slowly to form a coarsely crystalline
rock.

Kame — A hummock, terrace, or short ridge composed of stratified sand
and gravel deposited at the margin of a glacier as a delta or fan. In
Washington, the term is generally applied to landforms created by de-
position in the low area between the margin of a glacial ice sheet and the
confining hills. After the ice has melted away, a high-quality sand and
gravel deposit commonly remains.

Limestone — A rock composed of the mineral calcite. Normally, this
rock type is deposited in the ocean from materials that are by-products
or remnants of shells. Limestone is an important source of construction
aggregate in much of the nation.

Loess — Silt and fine sand that is produced by the erosion of glacial
outwash and transported by wind.

Los Angeles Abrasion Test — A laboratory test to assess the strength of
aggregate under dry conditions. A 100-pound sample is placed in a tum-
bler resembling a washing machine with a tungsten carbide ball weigh-
ing about five pounds. The tumbler is revolved 500 times and then the
sample is passed through a U.S. Standard No. 4 sieve. The larger the
percent of the sample that passes through the sieve, the weaker the sam-
ple. The Los Angeles Abrasion value is the percent of the sample that
has passed through the sieve. The lower the value, the more favorable
the rock for construction aggregate.

Outwash — Sand, gravel, and coarser round rock deposited from
streams and rivers issuing from alpine or continental (ice-age) glaciers.
Proximal outwash was deposited relatively close to the snout of a gla-
cier and is poorly sorted and has a large fraction of cobbles and boui-
ders. Distal outwash was deposited miles from the edge of the glacier
and is relatively well sorted and dominated by sand.

Overburden — The material that overlies an aggregate or mineral re-
source and must be removed before mining the underlying material.

Pebble — A stone, usually rounded by water transport, /6 to 2% inches in
diameter—the size of a small pea to that of a tennis ball.

Pit — This term is restricted herein to sand and gravel mines, regardless
of size. A borrow pit is a small (<3 acre) mine that periodically pro-
duces unprocessed gravel and other sediment, generally for use as fill.

Pit run — Unprocessed material taken directly from the undisturbed
geologic formation.

Plug — A vertical, pipe-like body of magma that represents the conduit
to a former volcanic vent.
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Portland cement— Cement made by heating limestone to about 2,700°F
(calcining) to form lime. This lime is mixed with small amounts of wa-
ter and dries to a hard adhesive that can glue aggregate together to form
portland cement concrete. Portland cement by itself does not have great
compressive strength, and it is costly because of the heat used in its
manufacture. For these reasons, aggregate is added to form concrete.
The gravel in portland cement concrete has great compressive strength
and adds inexpensive filler to the mix.

Quarry — Used exclusively herein for mines that produce aggregate by
blasting bedrock.

Sand Equivalent Test— A laboratory test that measures the cleanness of
a sample in terms of the relative proportion of fine-grained dust or clay.
High numbers indicate less dust and (or) clay, whereas low numbers in-
dicate greater plasticity. Samples favorable for construction aggregate
have values greater than 30.

Sill — A tabular intrusion that parallels the bedding or foliation of the
sedimentary or metamorphic country rock and is substantially wider
than it is thick. Sills form within a few miles of the Earth’s surface.

Silt — Sediment composed of particles that are unconsolidated or poorly
consolidated when dry and will pass a U.S. Standard No. 200 sieve
(0.0025 in.) but are larger than clay (0.000079 in.). Silt has little or no
cohesive strength because it contains a small proportion of clay miner-
als. Abundant silt can render a sand and gravel deposit unsuitable for
use in construction aggregates.

Specific gravity — The specific gravity of a sample is the weight of the
substarnce relative to the weight of an equal volume of water. The spe-
cific gravities of water, weak aggregate, granite, limestone, and basalt
are 1.0, 1.95, 2.65, 2.72, and 3.2 grams per cubic centimeter, respec-
tively.

Stabilometer R Value Test — A laboratory test that measures horizontal
deformation when a vertical weight is applied. High numbers indicate
stronger materials. Samples favorable for construction aggregate have
values greater than 70.

Till - Very poorly sorted clay, silt, sand, gravel, cobbles, and boulders
deposited directly from glacial ice in the form of a moraine or a com-
pact blanket of sediment under the ice. Generally, till is unsuitable for
construction aggregate.



Appendix 2. Mine database

This database contains information about most small active and
terminated borrow pits or quarries and large active, terminated,
and proposed mines in the Shelton 1:100,000 quadrangle. All of
the borrow pits, quarries, and gravel pits in this database are
shown on Plate 1. The information contained herein is available
digitally as part of the geographic information system (GIS)
files for the Shelton quadrangle. The columns that are not self-
explanatory are defined as follows:

WADNR unique number — The Washington Department of Nat-
ural Resources (WADNR) unique number used by the geo-
graphic information system (GIS) to relate a feature on Plate 1 to
arow in the database. The first four digits of the number identify
the 7.5-minute quadrangle map in which the mine is located.
The last four digits constitute a unique number in each 7.5-min-
ute quadrangle.

WADNR data type code — The code number that indicates the
type and size of the mine, as follows: 15, small borrow pit or
quarry (point); 16, small terminated and (or) depleted borrow pit
or quarry (point); 18, large active mine (polygon); 21, large ter-
minated and (or) depleted mine (polygon); 22, large proposed
mine (polygon).

WADNR permit number — The five-digit number on WADNR
form SM-2, Application for Surface Mining Reclamation Permit
(for a permitted mine), or, for small forest and borrow pits that
do not have Surface Mine Reclamation Permits, a five-digit
number that has been arbitrarily assigned by the authors.

WSDOT/USFS site number — A pit or quarry number assigned
by the Washington State Department of Transportation
(WSDOT) and (or) the U.S. Forest Service (USFS). These num-
bers link results of strength and durability testing or other data to
a particular mine. The WSDOT numbers consist of a letter that
identifies the county the site is in, followed by a sequentially as-
signed number.

Y%V section, % section, Section, Township, Range, Meridian —
Legal description of the mine with reference to the Government
Land Office grid. Values are relative to the Willamette principal
meridian and base line. Townships, ranges, and sections are
shown on Plate 1.

Product — The material being mined: rock, sand, or gravel.

Rock type — The type of rock that is being quarried at the site, if
the mine is a quarry.

Geologic unit — The label that identifies a particular unit on a
geologic map. This field indicates the unit in which the mine is
located. See Appendix 5 for some geologic unit descriptions; de-
scriptions of geologic units not in Appendix 5 can be found in
Washington Division of Geology and Earth Resources (2001)
and Dragovich and others (2002).
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Qualifier — A symbol that indicates either that the thickness
shown in the adjacent column is exact because the mine pene-
trates all the way through the resource (blank) or that the actual
resource thickness is greater than the thickness reported because
the bottom of the resource was not identified (>).

Resource thickness (feet) — The thickness, in feet, of the sand,
gravel, or bedrock that is being mined.

Million cubic yards — The estimated volume (in millions of cu-
bic yards) of aggregate resource present within the permitted
boundary of a mine as of May 2000.

Million tons — ldentified resource weight calculation based on
volume estimates. Conversion factors are 1.6 ton/yd® for pro-
cessed sand and gravel and 2.4 ton/yd’ for processed basalt and
gabbro.

Acres ~ Typically the number of acres permitted on the
WADNR form SM-2, Application for Surface Mining Reclama-
tion Permit. For unpermitted mines, indicates the estimated area
of the mine. The value shown includes not only areas of aggre-
gate extraction, but also all operations associated with the mine
(stockpiling, crushing, screening, scales, etc.).

Percent depletion — The percentage by which the resource
within the mine boundary has been depleted by mining, deter-
mined by communication with the mine operators or by field in-
vestigations.

Overburden thickness (feet) — The thickness, in feet, of soil,
clay, or non-commercial aggregate that must be removed in or-
der to reach the aggregate resource.

Stripping ratio — The overburden thickness divided by the re-
source thickness. A value of less than 0.33 (ratio of less than 1:3)
is preferred.

Los Angeles Abrasion, Degradation, Specific Gravity, Sand
Egquivalent, and Stabilometer R Value tests — Results of labora-
tory tests, conducted mainly by the WSDOT, that reflect the
quality of the deposit. See the glossary (Appendix 1) for expla-
nation of tests.

Percent > 2% inches, Percent %—2% inches, Percent < % inch,
Percent < U.S. No. 200 sieve — Results of laboratory grain-size
analysis of samples. Values are given in weight percent. The
first three fields divide the whole sample, and the fourth field re-
fers to the amount of silt and clay in the entire sample.
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Appendix 3. Outcrop database

This database contains information about outcrops on which
strength and durability testing was performed but mining did not
take place, as well as other outcrops identified by the authors.
The locations of the outcrops in this database are shown on Plate
1. The information contained herein is available digitally as part
of the geographic information system (GIS) files for the Shelton
1:100,000-scale quadrangle. The columns that are not self-ex-
planatory are defined as follows:

WADNR unique number— The Washington Department of Nat-
ural Resources (WADNR) unique number used by the geo-
graphic information system (GIS) to relate a feature on Plate 1 to
arow in the database. The first four digits of the number identify
the 7.5-minute quadrangle map in which the outcrop is located.
The last four digits are a unique number in each 7.5-minute
quadrangle.

WADNR data type code — The code number that indicates the
type and size of the mine, as follows: 13, strength and durability
outcrop test location (point); 14, field investigation site (point);
17, measured stratigraphic section (line).

WADNR permit number — The five-digit number on WADNR
form SM-2, Application for Surface Mining Reclamation Permit
(for a permitted mine).

WSDOT site number — A number assigned by the Washington
State Department of Transportation (WSDOT) that links results
of strength and durability testing or other data to a particular
outcrop. The number consists of a letter that identifies the
county the site is in, followed by a sequentially assigned num-
ber.

Y section, Y section, Section, Township, Range, Meridian —
Legal description of the mine with reference to the Government
Land Office grid. Values are relative to the Willamette principal
meridian and base line. Townships, ranges, and sections are
shown on Plate 1.

Product — The material of interest at the outcrop location: rock,
sand, or gravel.

Rock type — The type of rock at the outcrop location, if the out-
crop 1s in a bedrock unit.

Geologic unit — The label that identifies a particular unit on a
geologic map. This field indicates the unit in which the outcrop
is located. See Appendix 5 for some geologic unit descriptions;
descriptions of geologic units not in Appendix 5 can be found in
Washington Division of Geology and Earth Resources (2001)
and Dragovich and others (2002).
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Qualifier — A symbol that applies only to the deepest resource
thickness reported (see following columns) and indicates either
that the thickness is exact because the whole section could be
measured (blank) or that the actual resource thickness is greater
than the thickness reported because the bottom of the resource
was not identified (>).

Ist resource thickness (feet), 1st interbed thickness (feet), 2nd
resource thickness (feet) — These fields refer to the bedding
identified in the outcrop by the authors, starting at the top. ‘Re-
source thickness’ refers to the thickness of a likely aggregate re-
source, whereas ‘interbeds’ are non-commercial materials such
as silt-and clay.

Dip, Strike — Angle and compass direction, respectively, that in-
dicate orientation of sedimentary bedding in a bedrock resource;
if horizontal or no data, fields are blank.

Induration - The relative quality of a rock as determined in the
field with a one-pound ball peen hammer. Estimates range from
rebound (highest quality) through fracture, pit, and dent (lowest
quality). If there are no data, field is blank.

Overburden thickness (feet) — Thickness, in feet, of soil, clay,
or non-commercial aggregate that must be removed in order to
reach the aggregate resource.

Stripping ratio — The overburden thickness divided by the re-
source thickness. A value of less than 0.33 (ratio of less than 1:3)
is preferred.

Los Angeles Abrasion, Degradation, Specific Gravity, Sand
Egquivalent, and Stabilometer R Value tests — Results of labora-
tory tests, conducted mainly by the WSDOT, that reflect the
quality of the deposit. See the glossary (Appendix 1) for expla-
nation of tests.

Lab (L) or visual (V) — This code indicates whether grain-size
analysis is from a laboratory test (L) or estimated visually in the
field (V).

Percent >2% inches, Percent %—-2% inches, Percent <% inch,
Percent <U.S. No. 200 sieve — Results of laboratory grain-size
analysis of samples. Values are given in weight percent. The
first three fields divide the whole sample, and the fourth field re-
fers to the amount of silt and clay in the entire sample.
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Appendix 4. Well database

This database contains information about all the water wells and
geotechnical boreholes shown on Plate 1. The information con-
tained herein is available digitally as part of the geographic in-
formation system (GIS) files for the Shelton 1:100,000 quadran-
gle. The columns that are not self-explanatory are defined as fol-
lows:

WADNR unique number — The Washington Department of Nat-
ural Resources (WADNR) unique number is used by the geo-
graphic information system (GIS) to relate a feature on Plate 1 to
arow in the database. The first four digits of the number identify
the 7.5-minute quadrangle map in which the well is located. The
last four digits are a unique number for the site on each 7.5-min-
ute quadrangle.

WADNR data type code — The code number that indicates the
type of drill hole, as follows: 11, water well (point); 12,
geotechnical or other borehole (point).

WADOE well number — One of a variety of numbers found on
the Washington Department of Ecology (WADOE) water-well
report forms. The possible types include start card, application,
or permit numbers.

Data verified? — An indication of the quality of data. ‘Y’ indi-
cates that the drill log is from a geotechnical borehole or has
been verified by a consulting firm; otherwise, the field is blank.

Well location — The street address of the well or the nearest geo-
graphical feature. Washington State Department of Transporta-
tion boreholes are referenced to the bridge, intersection, or street
location where the borehole was drilled.

Y section, % section, Section, Township, Range, Meridian —
Legal description of the well location with reference to the Gov-
ernment Land Office grid. Values are relative to the Willamette
principal meridian and base line. Townships, ranges, and
sections are shown on Plate 1.
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Geologic unit — The label that identifies a particular unit on a
geologic map. This field indicates the unit in which the well is
located on the surface. See Appendix 5 for some geologic. unit
descriptions; descriptions of geologic units not in Appendix 5
can be found in Washington Division of Geology and Earth Re-
sources (2001) and Dragovich and others (2002).

Qualifier — A symbol that applies only to the deepest sand and
gravel thickness reported (see following columns) and indicates
that either the thickness is exact because the whole layer is pene-
trated by the well (blank) or that the actual sand and gravel thick-
ness is greater than the thickness reported because the bottom of
the deposit was not identified in the well log (>).

Overburden thickness (feet) — The thickness, in feet, of soil,
clay, or non-commercial aggregate that must be removed in or-
der to reach the aggregate resource.

1st gravel thickness (feet), 1st interbed thickness (feet), 2nd
gravel thickness (feet), 2nd interbed thickness (feet), 3rd
gravel thickness (feet) — These fields refer to the interpretation
of the well log by the authors, starting at the ground surface.
‘Gravel thickness’ refers to the thickness of a likely aggregate
resource, whereas ‘interbeds’ are non-commercial materials
such as silt and clay.

Depth to water-bearing zone (feet) — Depth, in feet, to top of the
first water-bearing unit encountered during drilling.

Bedrock penetrated? — Y (yes) or N (no), indicating whether the
well was drilled to the depth of bedrock.

Reference — The source of data for the well log, if other than the
Washington Department of Ecology water-well log archives.
See the References Cited section for full citations.
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SHELTON 1:100,000 QUADRANGLE, WASHINGTON
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Appendix 5. Geologic descriptions of significant mined units

This appendix provides descriptions for geologic units that have
been mined in the Shelton 1:100,000 quadrangle for construc-
tion aggregates and (or) that have potential to produce sand and
gravel or bedrock meeting the threshold criteria of this study.
These definitions are intended for geologists and engineers and
contain a number of terms that are not included in the glossary
(Appendix 1). For complete descriptions and ages of all geo-
logic units in the Shelton quadrangle, see Dragovich and others
(2002) and Washington Division of Geology and Earth Re-
sources (2001).

SAND AND GRAVEL UNITS

Qa Alluvium (Holocene)—Poorly graded sand, gravel,
cobbles, and boulders deposited along or in modern
rivers and streams. These deposits tend to have marked
horizontal and vertical variations in grain size result-
ing in local areas of poor-quality aggregate within
most deposits. Flood plains typically consist of these
sediments together with overbank deposits of fine
sand, silt, and organic matter. Maximum thickness is
80 feet with an average thickness of 35 feet. Although
alluvium is generally an excellent resource, impacts to
riparian and aquatic habitats and the potential for
physical damage to infrastructure resulting from exca-
vation on lower flood plains may preclude develop-
ment of these resources (see Norman and others,
1998).

Recessional outwash (late Pleistocene, ~14,500 to
11,300 years)—Sand and fine gravel with lesser cob-
bles, laminated silt and clay, and rare boulders. The
unit mainly consists of tan sandstone, lithofeldspathic
sandstone, and basalt clasts derived from the Olympic
Mountains, with some granitic (<10%) and metamor-
phic clasts probably derived from Canadian sources.
Fluvial deposits consist of unconsolidated, horizon-
tally bedded, stratified, and poorly sorted sand and
gravel with lesser amounts of silt and clay. Delta de-
posits are on the order of 175 feet thick and well strati-
fied and contain little to no silt or clay. Deposits are
poorly to well sorted, with sorting improving where
they have been deposited as deltas in proglacial lakes.
Well-sorted deposits of pebbles and cobbles in aban-
doned channels within the flood plains of major ice-
age rivers provide the highest-quality aggregate in the
study area for portland cement concrete. Deposits con-
tain ubiquitous festoon cross-bedding. Most of the
larger sand and gravel pits in the quadrangle are devel-
oped in this unit.

Qgo
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Advance ontwash, Fraser Glaciation (late Pleisto-
cene, ~18,300 to 14,500 years)—Poorly sorted depos-
its of sand, gravel, and cobbles, with lesser clay, silt,
boulders, and mineral cements. This unit is horizon-
tally bedded and commonly cross-bedded in coarsen-
ing-upward sequences. The unit has highly varied
composition and thickness and is commonly hard and
compact. Clasts are about 95 percent fresh, but the per-
centage of weaker clast types derived from the Olym-
pic Mountains increases toward the base of the unit.
Advance outwash is stratigraphically overlain by
Vashon glacial till. Its known thickness is 187 feet
(based on a measured section shown on Plate 1 in sec.
5, T2IN, R4W) and its maximum thickness is more
than 200 feet on both sides of the Skokomish River
valley and Hood Canal (Molenaar and Noble, 1970).
Thick overlying till generally prevents development of
this unit; however, the Huson pit, part of the Bayshore
pit, and several smaller gravel pits are developed in
this unit.

Qga

BEDROCK UNITS

Evg, Crescent Formation (early Eocene, 57.8 to 45.6 mil-
Eves, lion years)—Varied basaltic rocks (Babcock and oth-
Evep, ers, 1994). Volcaniclastic conglomerate, breccia, and
Eigb mudflow deposits that dominate this unit are typically

weak and commonly contain numerous deleterious
calcite and zeolite veins. A lower aggregate-producing
interval in this thick formation is characterized by pil-
low basalt (unit Ev,p), whereas the upper half of the
unit (unit Evp) has more lava flows with rare but com-
mercially significant columnar basalt (Tabor and
Cady, 1978). The Crescent Formation also includes
volcaniclastic sandstone and minor gabbro (unit Eigb).
The color of the unit is black, greenish black, or very
dark gray where fresh, and light yellowish brown
where weathered. Columnar basalts that formed as
subaerial flows or as sills are the most important ag-
gregate-producing rocks in the study area. Columns
are typically 12 to 18 inches in diameter, but locally as
much as 4 feet in diameter. A thickness of greater than
100 feet of hard and durable basaltic rock is exposed in
a few quarry faces. Pillow basalts contain varied
amounts of clay and volcanic glass between pillows.
This unit contains the only high-quality bedrock mined
in the quadrangle and hosts all commercial bedrock
quarries.
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