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1.0 INTRODUCTION 
 
The Washington Growth Management Act (GMA) requires Thurston County to identify, classify, 
designate, and conserve mineral resource lands that have long-term commercial significance for 
the extraction of minerals. The Thurston County Mineral Lands project (TCML project) is designed 
to determine potential locations of these lands in unincorporated Thurston County, excluding 
areas not under the County's jurisdiction. Thurston County is reviewing its currently adopted 
Comprehensive Plan policies, procedures, and development regulations relating to mineral 
resource lands. The purpose of the TCML project, which is occurring as part of an update to the 
Comprehensive Plan, is to ensure that the County’s mineral resource lands program is 
comprehensive, effective, and consistent with the requirements of the GMA statute and rules 
(Revised Code of Washington [RCW] 36.70A.060, 36.70A.170, and Washington Administrative Code 
[WAC] 365-190-070).  
 
This “Thurston County Mineral Lands Project - Geologic Inventory and Classification Study” 
identifies the general geologic setting of Thurston County mineral resources and describes a 
comprehensive method of identifying and classifying prospects containing commercially significant 
mineral resources. Mineral resource lands contain deposits consisting of sand and gravel, 
sandstone, basalt, or other igneous rock—although the two dominant resources in the County are 
sand and gravel (aggregate) and igneous quarry rock. Additional information on site-specific 
geology can be obtained through the references presented in this report. Definitions of italicized 
geologic terms are included under the “Glossary” section of this report. 
 
The resource classifications identified in this report are considered preliminary and are subject to 
public review and discussion. Future steps in the project will consider potential environmental and 
land use constraints that should be considered before identified mineral resources are designated 
in the Comprehensive Plan. Classification categories will be reviewed and finalized as part of this 
process.  
 
 

2.0 METHODOLOGY 
 
2.1 Introduction 
 
The purpose of this TCML project is to identify and classify the mineral resources within Thurston 
County. Resource identification and classification are two distinct but related activities associated 
with GMA planning for mineral lands. The mineral lands inventory identifies all lands with mineral 
resources, and classification applies criteria relating to quality, quantity, and economic significance 
to categorize those resources for subsequent planning.  
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The steps in the methodology are described in the following sections. The study initially 
determined the types of data needed to identify the location of mineral resources at the County-
wide level. Associated Earth Sciences, Inc. (AESI), the County’s geology consultant (the consultant) 
then obtained those data from various sources and used them to create a base inventory map 
showing the location of mineral resources. Those mineral resources were then classified using 
quantity and quality information. The methodology used to identify and classify the mineral 
resources within Thurston County for the TCML project relies on existing public information 
sources. The data sources are described in Table 1 with links to most of the data sources provided 
in the references. The information can be independently obtained from the referenced 
government agency upon request where links are not available. 
 
The major sources of resource data and information for the mineral lands inventory and the 
resource classification process described below were obtained from the Washington State 
Department of Natural Resource Division of Geology and Earth Resources (DGER), Washington 
State Department of Transportation (WSDOT), and the United States Geological Survey (USGS). 
These public information sources were supplemented by information obtained from AESI and 
published thesis information. The identification of these mineral lands were based largely on DGER 
and USGS map information. The end product of the TCML project is the Thurston County Mineral 
Lands Inventory Map. This map will be maintained and managed by the Thurston County Planning 
Department as a Geographical Information System (GIS) geodatabase. This geodatabase includes 
both geologic resource mapping and supportive GIS metadata that describes data sources and 
other relevant information.  
 
2.2 Description of the Resource Identification Process 
 
2.2.1 Geologic Information and the Identification Process 
 
Published geologic mapping provides the basic data for determining where mineral resources are 
most likely to be located within Thurston County and is the source for most of the resource unit 
boundaries shown on the Thurston County Mineral Lands Map (Table 1). Thurston County is 
completely covered by DGER 1:24,000 (24k) and 1:100,000-scale (100k) geologic mapping. This 
geologic mapping is available online from DGER and Thurston County and formed the basis for our 
Countywide Mineral Lands Map. The detailed 24k maps in the north-central part of the County 
improved upon (generally) older 100k geologic maps of the remainder of the County. The detailed 
maps in the north-central part of the County include the Olympia, Maytown, Summit Lake, 
Tumwater, Lacey, Nisqually, Longbranch, Squaxin Island, McNeil Island, and Shelton 24k 
quadrangles (Logan and others, 2003a,b,c, 2009; Logan and Walsh, 2004; Schasse and others, 
2003; Walsh and others, 2003a,b,c; Walsh and Logan, 2005). The remaining eastern, western, and 
southern portions of the County are covered by the less-detailed, or smaller-scale, Tacoma, 
Centralia, Shelton, and Chehalis River 100k geologic maps (Logan, 1987; Schasse, 1987; Logan, 
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2003; Schuster and others, 2015). The broader or less detailed mapping of these areas resulted in 
less detailed resource mapping, particularly in the bedrock uplands. 
 
The description of geologic map units and other geologic information provided in these map 
documents, combined with other pertinent geologic literature, was used to determine resource 
units across the County. The various mapped geologic units across the County were given a mineral 
resource versus non-resource assignment using the detailed geologic descriptions of aggregate 
strata documented in the DGER map publications. This assignment included assessing the textural 
qualities of probable aggregate resource strata as well as estimating the overall percent of that 
resource in the geologic unit. Resource assignments were also informed by other pertinent 
geologic literature provided in the references. 
 
Most aggregate in the County is derived from Vashon advance and recessional glacial outwash 
deposited during the last continental glacial episode (see “Sand and Gravel Considerations”). In 
areas where the recessional glacial outwash is mapped by 24k geologic maps, some of the 
recessional glacial outwash bodies are subdivided into various sub-types on the basis of 
geomorphology, sediment composition, sediment texture, and stratigraphic relations. It is 
noteworthy that the detailed 24k geologic mapping in the County also provided insight into the 
aggregate resource geology outside the areas mapped at 24k scale. For example, the detailed 24k 
geologic mapping more fully describes the stratigraphy and geomorphology of many of the 
resources enabling us to more fully understand the resources in adjacent areas that are only 
covered by 100k geologic maps.  
 
Geologic contacts outline where contrasting geologic units meet and are the ultimate cartographic 
source of most of the contacts between resource units on the resource inventory maps. An 
example of an important resource boundary is the mapping of geologic contacts between Vashon 
lodgement till and recessional outwash. This boundary forms a distinct resource boundary 
between a non-resource geologic unit (till) and a resource unit (outwash) and thus is incorporated 
into our resource mapping. Departures from utilization of geologic contacts for resource 
boundaries during the inventory process were predominantly related to (1) local resource quality 
and quantity considerations, (2) local surface subsurface data, and/or (3) local geomorphologic 
information-related observations from LiDAR (Light Detection and Ranging). For example, in some 
areas, sediment quality data such as sediment sieve analyses or geomorphic maps based upon 
recent LiDAR, showed that the previous geologic mapping was inaccurate and thus the resource 
boundaries departed from the published geologic mapping locally. 
 
For quarry rock resources the resource identification and inventory process was similar to the 
process described for aggregate resources. First, we obtained those data from various sources 
designated above and used them to create a base inventory map showing the location of mineral 
resources and then classified those mineral resources using the available geologic mapping and 
quality information. For each geologic unit we assigned a resource or non-resource status by 
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assessing the resource qualities of probable bedrock resource strata as well as estimating the 
overall percent of that resource in the geologic unit. For most bedrock resource units this involved 
estimating the percentage of igneous rock resources within the various mapped geologic units. As 
further discussed below, the inventory of quarry rock resources in the County is hampered by the 
broad mapping of formations in the bedrock uplands in the western and southern part of the 
County whereby individual resource strata such as volcanic flow or flow packages are not generally 
mapped as individual beds or layers. 
 
2.2.2 Other Pertinent Geologic Information 
 
DGER has published several important resource studies of counties and 1:100,000-scale 
quadrangles in Washington State. Noteworthy is the reconnaissance investigation of sand, gravel, 
and quarried bedrock resources in the Shelton 1:100,000 quadrangle by Dunn and others (2002). 
This study covers the northwest corner of the County and was incorporated into the TCML project 
resource. Furthermore, DGER resource studies of adjacent Pierce and Lewis Counties by Eungard 
and Czajkowski (2015a,b) were also consulted during the project. Other noteworthy geologic 
studies within the County include the study of Pleistocene continental glaciation by Lea (1984), and 
the Crescent Formation of Globerman (1981). Important publications with regards to coal 
production and the rare occurrences of small metal prospects in the County include Snavely and 
others (1954, 1958), Schasse and others (1994), and Huntting (1956). 
 
2.2.3 LiDAR Information and the Identification Process 
 
LiDAR is a surveying method that measures distance to a target by illuminating that target with a 
pulsed laser light, and measuring the reflected pulses with a sensor. The processed data produces 
extremely detailed images of the earth surface. Relief or surface maps produced by LiDAR remove 
the vegetative cover and reveal the detailed geomorphology of the underlying terrain. We used 
2011 LiDAR remote sensing ground data (3.25-foot cell size) to improve the mapping of resources 
only covered by 100k geologic mapping. (The more recently published 24k geologic map 
information in the County incorporated LiDAR geomorphic information.) In the areas covered by 
100k geologic mapping we revised geologic contacts that did not match the geomorphic landforms 
evident on newer LiDAR imaging. For example, LiDAR was used to improve the geologic contacts 
between various types of glacial outwash as well as the mapping of contacts between the various 
types of resource units (such as Vashon glacial outwash) and non-resource units (such as glacial 
till). Another improvement was the remapping of the contacts between modern or postglacial 
alluvium and glacial outwash terraces in areas where LiDAR showed that the older geologic 
mapping did not match the geomorphic landforms evident on LiDAR imaging. Because landslide 
deposits are non-resource, we also used LiDAR to improve the mapping of large landslide deposits 
in the areas only covered by 100k geologic mapping.  

https://en.wikipedia.org/wiki/Surveying
https://en.wikipedia.org/wiki/Laser


Mineral Resource Lands of Long-Term  
Commercial Significance Inventory Study Thurston County Mineral Lands Project 
Thurston County, Washington Geologic Inventory and Classification Study 

 

 
August 30, 2017 ASSOCIATED EARTH SCIENCES, INC. 
JDD/ld - 160529H002-10 - Projects\20160529\TH\WP Page 5 

2.3 Description of the Resource Classification Factors 
 
2.3.1 Sources of Resource Quantity/Quality Information 
 
The objective of the study is to identify and classify mineral resource lands of long-term 
commercial significance in Thurston County thereby prioritizing and quantifying commercially 
significant aggregate and quarry rock—the two dominant mineral resources in the County. The 
aggregate and quarry rock prospects identified in this study were classified based on quantity and 
quality characteristics presented in Table 2. This system is a modification of the classification 
matrix developed to identify and classify mineral resources during GMA mineral lands work for 
Snohomish County (1998, 2001) and provides multiple resource categories and thus greater 
resource designation flexibility. As further outlined below, the economic viability of a resource is 
not only governed by the quality and quantity of the resource, but also the depth of the 
overburden and similar economic considerations. The variables used in the classification reflect 
GMA dictates and provides a scaled system that outlines areas of “long term commercial 
significance” as outlined in the GMA.    
 
Resource quantity equates to the volume of the resource which is dependent upon both the 
mapped areal extent of the deposit and the depth of the deposit as determined using subsurface 
geologic information. The consultant used subsurface geologic information from the various DGER, 
Thurston County, USGS, WSDOT, and AESI studies (Table 1). The subsurface data included water 
well, geotechnical boring and test pit logs, and/or permitted mine depth data, and was used to 
estimate the thickness of the aggregate resource units. For purposes of this study, and based on 
the study methodology, the depth of bedrock resource strata cannot be estimated with any degree 
of certainty and is considered to be essentially incalculable; therefore bedrock (quarry rock) has 
been classified by quality only.  
 
The DGER subsurface database supplied subsurface well, geotechnical boring, and test pit 
information. The DGER dataset also compiled individual geotechnical reports from various sites 
across the County. Some of the geotechnical reports in this database included sieve analysis 
information; some also included an estimation of the percentage of weathered and/or decayed 
stones, the identification of the sedimentary structure and sorting of the deposit (i.e., bedding 
planes, faults, fractures, or grain size fining/coarsening trends), or other pertinent quantity or 
quality information.  
 
The USGS geohydrology and hydrostratigraphy study by Drost and others (1998, 1999) also 
provided important stratigraphic and resource geologic information for most of the County 
including isopach maps and stratigraphic cross-sections. This stratigraphic information, in 
conjunction with other information, allowed us to estimate the thickness of important resource 
strata including the various types of Vashon glacial outwash that are the major sources of 
aggregate in the County.  
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Resource quality can be estimated using a variety of tests for aggregate or quarry rock. Aggregate 
resource quality was estimated from the weight percentage of sediment fines (silt and/or clay) 
documented in applicable reports. Sediment sieve analyses supplement the subsurface datasets for 
many of the source studies thus providing both aggregate quality and sediment gradation 
information for most prospects. We also obtained 133 individual aggregate and rock quality tests 
data from active, inactive, and abandoned mines, quarries, and pits throughout the County. The 
most common WSDOT tests are described in Table 3 and include the LA Abrasion, specific gravity 
and absorption, and degradation value tests and are part of the quality classification process 
outlined in Table 2. WSDOT also provided some separate quarry rock tests which allowed for local 
determination of quarry rock quality. This information, in conjunction with quality information 
obtained from DGER, Thurston County, USGS, AESI, and other studies allowed us to directly classify 
most prospects in the County. Other relevant sources utilized for this study are listed in the 
“References” section of this report. 
 
2.3.2 Quality Classification and Quantity Criteria for Aggregate 
 
For the sand and gravel (aggregate) prospects, ten different classification types have been 
identified based on the quality and quantity aspects of the deposit (Table 2). With the exception of 
the Type D prospect, each aggregate prospect has been given separate quality and quantity 
classification labels. Classification Types A, B, and C refer to the quality characteristics of the 
deposit. Type A prospects are considered to be high-grade deposits that meet or exceed all WSDOT 
specifications for all products. These deposits are the most “flexible” with the potential of meeting 
several different market needs. Type B resources tend to consist of moderate grade aggregate with 
some variations in grain size. Type B prospects may require additional handling (mixing/washing) 
to meet product specifications. Type C resources typically contain low-grade material with a high 
variability in grain size and are at or below WSDOT specifications for all aggregate products. These 
deposits tend to be the least flexible in meeting market needs.  
 
Classification Types 1, 2, and 3 refer to quantity aspects of a prospect for aggregate (Table 2). 
Type 1 deposits are 100 feet or greater in thickness and typically generate a high volume of 
aggregate per acre. The life expectancy of these deposits generally is 25 years or more. Type 2 
deposits are less thick, averaging between 50 to 100 feet, with a life expectancy of 10 to 25 years. 
The volume per acre ratio is moderately high but typically less than that of a Type 1 deposit. Type 3 
prospects generally are 50 feet or less in thickness. Life expectancy of the Type 3 deposits may vary 
depending on production rates but typically are less than 10 years. The volume per acre is 
relatively small but generally greater than about 15,000 cubic yards per acre (yd3/acre). Type 3 
deposits are the most common aggregate resource type in the County. 
 
Type D prospects are those deposits that are considered unfeasible as economic resources, i.e., 
they are not commercially significant and do not satisfy GMA criteria and definitions for mineral 
resource lands. These deposits may contain a high fines or organic content and may include fine 
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sand, silt, clay, or lodgement till. Type D deposits may also include some sand and gravel but of a 
limited thickness and/or extent to make mining unfeasible. Other geologic units have marginal 
aggregate quality and stratigraphic resource attributes and were rarely included in the inventory 
and only if dictated by local geologic or geotechnical information. Vashon recessional ice contact 
deposits and Vashon recessional sand deposits (geologic unit Qgos) are examples of marginal 
geologic units outside the quality considerations presented in Table 2. These deposits (1) contain 
abundant silty sand or silty sandy gravel strata that are generally too poorly sorted (or well-graded) 
to be classified as resource, and (or) (2) contain sand/gravel ratios that are either above the 
threshold of 0.70 or below 0.30. This is exemplified by unit Qgos sand deposits that in most areas 
lack gravel and are interbedded with silt, sandy silt and silty sand of glaciolacustrine origin and is 
thus texturally uneconomic. 
 
Overburden thickness is another important consideration to resource economic viability. For 
example, if Vashon advance outwash is overlain by more than 50 feet of the uneconomic Vashon 
glacial till, then the underlying advance outwash is considered uneconomic. Conversely, in a few 
areas detailed subsurface information allowed us to inventory recessional sand and gravel 
aggregate resource areas under a thin mantle of uneconomic Vashon recessional glacial sand (unit 
Qgos) and thus subsurface analysis allowed for the discovery of resources under thin overburden. 
 
It should be noted that geologic contacts are rarely horizontal in the Puget Sound region, and the 
thickness of the prospects identified in this study will vary, being thinner or thicker in places. 
Volume estimates for the aggregate prospects in the County are presented in Tables 4 and 5. The 
quantity classifications are based on an estimated average thickness according to available existing 
data. The quantity type classification for these prospects could be modified with site-specific 
subsurface data. In addition, the life expectancy of the classification types will depend on 
production levels which can vary over time in response to market, economic, and technological 
changes.  
 
2.3.3 Bedrock Quality Criteria 
 
The depth of bedrock is immense and essentially incalculable for the scope of this study. The 
minable depth of each prospect would be limited by bedrock quality, mine practices, and land use 
and environmental constraints. Therefore, bedrock (quarry rock) has been classified by a quality 
label only (Type A, B, C, or D) for the purposes of this study. Type A quarry rock resources consist 
of sound, durable bedrock with limited fractures and A prospects are considered to be high-grade 
deposits that meet or exceed all WSDOT specifications for all products. This material is typically 
flexible in meeting different market specifications. Type A bedrock generates a minimal percentage 
of waste rock and may produce up to 20 percent rockery-size rock. Type B quarry rock is of 
moderate grade with a higher variability in quality than a Type A resource. Although these 
prospects are relatively sound, the percentage of waste rock for Type B deposits may be up to 
10 percent and rockery-size material may be less than 20 percent. Type C deposits tend to be of a 
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low grade that do not meet WSDOT product specifications. Because of the lower-quality 
characteristics and/or prevalent fractures, Type C deposits tend to produce a high percentage of 
waste rock and minimal rockery-size material. As with aggregate, Type D are less suitable for an 
economic resource due to the low-quality characteristics.  
 
Type 2 and 3 quarry resource classification types outline bedrock formations that may have 
long-term commercial significance. However, because of the present state of the 100k geologic 
mapping across most of the bedrock upland areas of western and southern Thurston County, we 
cannot inventory and classify these formations with certainty. The geologic units that lack the 
required detailed geologic mapping include the Crescent Formation underlying the western 
bedrock uplands of the County and the Northcraft Formation underlying the bedrock uplands in 
the south-central and southeastern part of the County. Both Tertiary bedrock formations contain 
igneous bodies that are potential resources—such as volcanic flows and sills—but because of the 
lack of division of these beds or layers via detailed geologic mapping in most upland areas we 
cannot inventory specific areas within these formations. Therefore, we presently classify these 
formations as having greater or lesser than 50 present interbedded resource quality strata of 
Types 2 or 3, respectively, and thus broadly inventory these areas for future resource 
consideration. One notable exception to the mapping of resource geologic units in the uplands is 
the overall mapping (subdivision) of Tertiary gabbroic sills in the southern portion of the County. In 
general, the detailed mapping of these sills allowed us to classify and identify this important quarry 
rock resource in most areas. 
 
2.4 Economic Considerations in Classification 
 
2.4.1 Market Value 
 
The value of an aggregate resource is dependent upon the quality of the resource and the 
accessibility of the resource to a potential market. Transportation costs can contribute up to 
40 percent of the price of aggregates; road access and traffic congestion are also considerations in 
transportation costs. Therefore, it is common for most rock product to be consumed within a 30- 
to 40-mile radius of its origin. In addition, a commercially viable resource must be able to produce 
at least some rock products that meet minimum WSDOT specifications for State paving and 
construction products.  
 
The sand and gravel deposits in the County are of a glacial origin and typically produce products 
that easily meet or exceed State specifications. As a result, there are more than thirty commercial 
sand and gravel operations currently permitted within the County. While sand and gravel 
aggregate rock quality is generally good within these operations, other factors such as depth of 
overburden, particle-size distribution (sand versus gravel), the amount of silt and clay in the 
deposit, and cultural/environmental concerns effect the value of the deposit.  
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In contrast to the numerous sand and gravel operations, there are only five commercial rock 
quarries permitted within the County. These operations generally operate only on an interim basis 
due to a lack of consistent rock quality. One quarry in the County is an extreme exception, with 
rock so rare that it is not even used locally, but instead is transported at high cost to the coast for 
use by the Army Corps of Engineers. The other more typical quarries in the County can meet State 
specifications only through selective mining, and generally their rock products do not meet State 
specifications. While these operations may have limited potential to provide material in paving and 
concrete products, they do produce other products such as riprap, quarry spalls, rockery materials, 
and slope protection rock that are unavailable at sand and gravel operations. Because of the type 
of products they provide, production levels vary considerably from year to year. In years with 
multiple storm events, landslides, and stream erosion, demand for quarry rock can be 
considerable, which could be followed by years with little demand. Due to their interim nature, the 
development of a rock quarry in the County should be considered a long-term investment. Thus, 
the existing operations have a higher economic value than more remote undeveloped prospects.  
 
2.4.2 Market Demand 
 
The rock products sold at most aggregate operations are consumed principally by the construction 
and paving industries with the market for rock dependent upon the cyclical nature of these 
industries. The most recently available statistics on aggregate consumption in Thurston County 
show that in the pre-recession years the County consumed 2,888,153 tons of rock products 
annually. Of this amount 596,692 tons went for road maintenance, 1,211,056 tons went for 
construction aggregate, and 480,405 tons went for concrete products (Pacific Lutheran University 
School of Business, 2003). In 2003, when these aggregate statistics were compiled, Thurston 
County had a population of 210,000. This equates to a per capita consumption of approximately 
13.75 tons per year.  By 2017, the Washington Office of Financial Management estimates that the 
County’s population had grown to almost 277,000. Assuming that aggregate consumption has also 
grown by a similar amount, then demand is currently estimated to be about 3,809,000 tons per 
year.  
 
Without the actual proprietary production records of each mine, which was not available, it could 
not be determined if the County is currently able to supply all its aggregate demand from within its 
own boundaries and what percentage could come from outside sources. What available statistics 
do show, however, is that there is an ever-consistent demand for aggregate products in the 
County. This consistent demand over time indicates that as close-in high-quality resources become 
depleted, the lower-quality and (or) more remote resources become economically viable. A 
mineral resource, however, is simply the volume of a valuable commodity, estimated through 
surface and subsurface measurements, without regard to the economic viability of extracting that 
commodity. Many factors limit the viability of a mineral resource such as proximity to sensitive 
areas, depth of overburden, zoning laws, and distance to market.  A mineral reserve, on the other 
hand, is generally regarded as the volume of a valuable commodity that is economically viable to 
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mine.  Typically, with most commodities, economic reserves represent only a small fraction of a 
total mineral resource. 
 
To estimate the percentage of the aggregate resources in the County that are currently economical 
to mine, a list of all permitted mines within the County was tabulated. Each permitted mine has an 
allowable acreage of disturbance and maximum mine depth that is specified in their State Surface 
Mine Reclamation Permit. Multiplying the permitted area by the allowable depth gives the 
mineable volume for the 32 permitted aggregate mines in the County. A 25-percent reduction 
factor was used to account for overburden, setbacks, and other mine-related limitations. Using 
these criteria, the actual sand and gravel reserves within County jurisdiction, at the time the mines 
were permitted, was about 360 million tons, or only about 7 percent of the identified resource 
using the volume of the various glacial outwash bodies in the County (Table 4) identified using 
geologic aggregate prospect mapping as classified in Table 2.   
 
Without more detailed geologic mapping in the areas underlain by bedrock, it is impracticable to 
estimate quarry rock resources within the County. However, using the same mine criteria as was 
used for sand and gravel reserves (permitted area times depth), quarry rock reserves are estimated 
at 111 million tons for the five permitted quarries in the County.  
 
Nearly all the gravel mines and rock quarries in the County have been in production for many 
years, and without proprietary production information we cannot know what percentage of the 
reserves have already been depleted. We can however estimate aggregate consumption within the 
County, based on previous studies (Pacific Lutheran University School of Business, 2003) and 
population data. As discussed previously, current County consumption is estimated at about 3.8 
million tons per year. If we assume that County production is approximately equal to County 
consumption, then the mines are now being depleted by slightly less than 1 percent per year (3.8 
million tons/360 million tons). Thus, even with significant past depletion, the above analysis 
suggests that County reserves from existing mines should be sufficient for the near future.   
 
The above analysis does not consider that the viability of an existing mine may change with time as 
reserves become deeper and more expensive to mine, population increases make mining less 
acceptable in certain areas, and transportation issues make getting the product to market more 
difficult. In this scenario, older more depleted mines in populated areas should give way to newer 
mines in rural areas. The County has not permitted a new mine recently, but the resources 
identified in this study provide a good indication of where new mineable reserves will be located 
given the stipulated County geologic relations. 
 
Based solely on the analysis of favorable geology, the volume of sand and gravel resources within 
the County is substantial, estimated at about 6.1 billion tons as displayed on Table 4. Glacial 
outwash deposits with average depths that are less than 50 feet thick are classified as Type 3 
aggregate as shown in Table 2. As shown in Table 5, Type 3 aggregate constitutes approximately 
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5.4 billion tons, or about 88 percent of the 6.1 billion tons of total aggregate identified within the 
County. Conversely, only approximately 240 million tons of Type 1 aggregate are identified within 
the County (Table 5). This represents about 4 percent of the estimated total 5.1 billion tons of 
aggregate within the County and demonstrates that the thick aggregate glacial outwash bodies are 
relatively rare and found within limited areas of the County. One negative consequence of the 
dominance of thin outwash deposits (Type 1) is that a broader area of surface disturbance is 
required than thicker outwash deposits (Type 2 or 3) to obtain the same volume of aggregate. 
Also, a thick outwash deposit with limited geographic extent is more cost-effective to mine than a 
thin deposit spread over a larger area (e.g., broad and thin glacial outwash body) as discussed 
further below. 
 
 

3.0 PROSPECT CONSIDERATIONS 
 
3.1 Sand and Gravel Considerations 
 
The dominant mineral land resource in the County is glacial outwash deposited during the last 
continental glaciation. These aggregate resources are generally deposited by braided rivers fed by 
glacial meltwater and form outwash plains composed of tabular bodies of stratified sand and 
gravel. These aggregate deposits are typically close to the ground surface and are commonly more 
easily removed. Also, these relatively young glacial outwash deposits (<15,000 years old) generally 
provide a better aggregate resource than older glacial outwash because the sediments are 
generally distinctly less weathered and more durable thus forming moderate to high-quality 
aggregate. 
 
These outwash plains formed where flowing water can selectively sort the finer-grained material 
from the coarser-grained sand and gravel. Ideally, an abrupt decrease in river energy is needed to 
deposit a relatively thick body of sand and gravel called glacial outwash—higher energy is required 
for transporting sand and gravel while a stationary, lower-energy environment is necessary for the 
deposition or sedimentation. Large rivers flowing into glacial lakes are characteristic of this type of 
environment. In these conditions, deltas form as the sediments being transported by the river are 
deposited into the slower-moving body of water such as a glacial lake. The larger-size particles are 
deposited closer to the mouth of the river and the finer silt and clay-size particles are transported 
farther out into the lake. The Nisqually Prospect is a probable glacial kame delta formed near the 
receding Vashon glacial ice margin during the close of the last glaciation and forms a thick, 
high-quality resource locally (Table 4). Otherwise, thick bodies of aggregate resulting from deltaic 
outwash deposition are relatively rare in the County (Table 5). 
 
Higher-grade aggregate deposits are utilized in the making of concrete which requires specific 
grain size and mineralogic characteristics. The grade of a deposit is primarily determined by the 
particle size distribution of the sand, gravel, and fines. A large percentage of fines within the matrix 
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of the deposit, or present as individual silt and clay layers, lowers the value of a resource as the 
fines tend to retain moisture and are less free-draining. This type of material is more difficult to 
handle and compact. Additional costs may be incurred to remove the silt and clay layers or to wash 
the interstitial fines from the aggregate. Fines are also considered detrimental in a sand and gravel 
deposit because of their adverse impact on the strength and durability of concrete. Higher-grade 
sand and gravel deposits, such as that used in concrete or free-draining structural fill, generally 
require less than 5 percent fines. 
 
If a particular deposit is anticipated for use in concrete, the size gradation of the sand also 
becomes a quality consideration. Well-graded (poorly sorted) sand increases the strength, 
durability, and workability of the final product. Gap-graded (well sorted) sand deposits usually 
require blending, which increases the cost of production and may increase the quantity of waste 
sand. Commercially desirable deposits must also contain a significant quantity of gravel-size 
aggregate. The closer the deposit is to attaining a ratio of 60 percent gravel to 40 percent sand, the 
less the aggregate needs to be mixed and handled. Aggregate is composed of various sand and 
gravel clast types. The lithology of the sand and gravel clast types forming the aggregate deposit 
may influence its use. Certain lithologic clast types tend to react chemically with the highly alkaline 
cement component of concrete. Volcanic glass or other cryptocrystalline minerals within clasts are 
considered detrimental in concrete products. In Washington, basalt, granite, diorite, gabbro, 
quartzite, and some andesite are the most durable aggregate for use in concrete. Weaker 
aggregate lithologic types are generally derived from younger sedimentary rock, foliated 
metamorphic rock, and low-density volcanic rock.  
 
Thickness and areal extent of the deposit may also affect the value of a prospect. In general, a 
thick deposit in a confined area—such as a glacial delta or kame delta deposit—is more cost-
effective to mine than a thin deposit spread over a larger area (e.g., broad and thin glacial outwash 
body). This is because mining structures such as sorters, crushers, water clarifiers, and batch plants 
do not have to be moved as often to remain near the source material. In addition, less capital may 
need to be invested in land ownership or leases. Thick aggregate deposits are relatively rare in the 
County (Table 5). 
 
The thickness of the overburden layer is also an important consideration. Overburden is defined as 
the material removed to access the aggregate. Overburden may consist of topsoil, lodgement till, 
silt, clay, or organic material and typically has no or little economic value. In general, an 
overburden layer greater than 25 to 50 feet may make mining economically unfeasible. However, 
for a relatively thick (>100 feet), high-grade deposit, thicker overburden layers can be acceptable. 
 
3.2 Quarry Rock Considerations 
 
Target sources for quarry rock generally consist of hard, durable bedrock with limited fractures. In 
the southern Puget Sound region, higher-grade quarries typically consist of igneous rock types 
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primarily composed of extrusive volcanic rocks such as basalt, andesite, or intrusive volcanic rocks 
such as gabbro or granite. These sources can be mined to produce larger, angular-size rocks used 
as rockery rock or rip-rap, in addition to, the smaller-size crushed rock. Secondary mineralization 
along faults or fracture zones may indicate a lower-grade rock as the secondary minerals can easily 
weather to clay minerals over time. Clay minerals are of lower strength and may accelerate the 
breakdown of the rock. 
 
As with aggregate resources, overburden less than 25 to 50 feet is generally desirable. However, in 
some cases, the overburden may contain economically viable aggregate. In these circumstances, 
thicker overburden layers may be acceptable as the prospect can be used for both a sand and 
gravel and a quarry rock source. 
 
In addition to the aggregate resources, Thurston County has been and still is the source of specialty 
rock products. This includes the Tenino sandstone from the Hercules quarry in Tenino. This 
material was long used by stone masons and rock carvers in the late 1800’s to 1930’s before the 
widespread use of Portland cement. Recently there has been a renewed interest in stone masonry 
and rock carving, and the old quarry is operating with the stone sold at the Marenakos Rock Center 
in Preston, Washington. Carved stone from this site was used to repair the State Capitol building 
following the 2001 Nisqually earthquake.  
 
Near Bucoda, Mutual Materials has long mined claystone for use in brick manufacturing at their 
Newcastle, Washington plant. Such claystone material may also be used as a source of alumina in 
Portland cement manufacturing. Near Tono, a silica sand deposit, reported within the limits of the 
coal mine, would be a suitable raw material used for the manufacturing of container glass, but has 
not yet been developed. 
 
3.3 Coal and Metal Resource Considerations 
 
3.3.1 Coal 
 
The coal resources of Thurston County occur at the northern end of the Centralia-Chehalis coal 
district within the Skookumchuck Formation (Schasse and others, 1994). The Skookumchuck 
Formation consists of marine, non-marine, and brackish water sedimentary rocks that were 
deposited in a near coastal meandering stream/floodplain environment about 45 million years ago 
during middle Eocene time. The coal beds represent large accumulations of organic matter that 
accumulated on fluvial floodplains that gradually subsided over time. This resulted in the burial 
and preservation of the organic material, which was subjected to heat and pressure to form the 
present-day coal beds. In southern Thurston County, the Skookumchuck Formation can be found in 
surface outcrops in the western part of the Bald Hills, local areas northwest of Grand Mound and 
along the south side of the Maytown Upland. The formation typically consists of feldspar-rich 
(arkosic) sandstone and siltstone, with local conglomerate beds. The formation is reportedly up to 
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3,500 feet thick with the coal beds near the top and at the base of the formation (Snavely and 
others, 1954, 1958). 
 
During the past century, the Skookumchuck Formation was of major economic importance to 
Thurston County as it contains at least 14 coal beds that extend over more than a 200-square mile 
area in Thurston and Lewis Counties. Within Thurston County, coal was extensively mined in the 
vicinity of Tono, about 3 miles southeast of Bacoda, along the border with Lewis County. Here 
some of the most important coal seams of the district, with names such as Tono, Upper Thompson, 
and Big Dirty were mined first by underground methods and later by open pit methods continuing 
up until the beginning of this century. The Tono pit is part of the Trans Alta coal mine which shut 
down in 2006. There are reportedly extensive coal reserves remaining in the ground; however, 
much of this coal is too deep to be economically mined by open pit methods and too low in heat 
British Thermal Unit (BTU) values to justify underground mining and thus is considered 
uneconomical. The coal remaining is subbituminous and lignitic, meaning that it has relatively low 
BTU values when compared to coal in other parts of the Country, where higher-quality coal such as 
bituminous and anthracitic coal is available. 
 
The coal fired stream plant east of Centralia has continued to operate since 2006 using Wyoming 
coal brought in by rail, as this was more cost-effective than continuing the local mine. The Tono pit 
is now under reclamation and it is doubtful that significant quantities of coal will be mined in 
Thurston County. The steam plant itself is being replaced by natural gas turbines as the economic 
viability of coal fired plants continues to deteriorate. Thus, while coal mining has been an 
important part of Thurston County’s past, it is doubtful that it will have any role in the County’s 
foreseeable future.   
 
3.3.2 Iron Ore 
 
A small local occurrence of “bog iron” has been documented at the southernmost point of St. Clair 
Lake about midway between Yelm and Lacey (Huntting, 1956). Bog iron forms through complex 
anaerobic bacterial action that concentrates iron from shallow iron-bearing spring water within the 
acidic, highly reducing chemical environment below the surface of a swamp. Complex iron 
oxide/hydroxide compounds such as limonite or geothite form when the iron-rich waters become 
oxidized upon reaching the surface. Bog iron was an important source of iron for the Vikings and 
early settlers in northern North America. It has also been long used as a source for pigment by 
native cultures and early settlers. 
 
The St. Clair Lake deposit was reportedly 4 feet thick by 450 feet long and 300 feet wide and 
contained 7,600 tons of ore averaging 54.05 percent Iron Oxide. A small amount of this material, 
apparently the mineral limonite, had been mined for pigment. There is little possibility that 
commercial iron mining will occur in the foreseeable future development of Thurston County.  
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3.3.3 Copper Ore 
 
A single occurrence of copper ore has also been documented in Thurston County, along the north 
bank of the Skookumchuck River, now under the Skookumchuck Reservoir. The occurrence 
reportedly consisted on very thin sheets of native copper developed along joints in basalt 
(Huntting, 1956). An exploratory shaft had apparently been sunk along the deposit but there was 
not enough ore at depth to warrant further development. Prior to the widespread development of 
deep drilling technology, it was common for prospectors to sink exploration shafts to test mineral 
deposits below the surface.  
 
The fact that the copper occurred in a “native” state and did not persist at depth suggests that it 
was what is known as a “supergene” deposit. Supergene deposits form by oxidation and chemical 
weathering of overlying mineralized rock when descending meteoric ground water leach minerals 
out of the overlying rock and redeposit them at the base of the weathered zone, where conditions 
go from oxidizing to reducing. Such processes can greatly enrich a mineral deposit; unfortunately, 
the higher-grade mineralization does not persist far below the zone of weathering. The fact that 
this apparently enriched deposit was small and isolated, suggest that copper mineralization in this 
area is limited with little potential for commercial development. 
 
Local areas of copper mineralization are widespread in the Southern Cascade Range of Washington 
State. However, none of these occurrences have ever been commercially developed and it is 
unlikely that any of these will ever be developed. Thus, the lone Thurston County copper 
occurrence along the Skookumchuck River should be regarded as an area of interest to mineral 
collectors and hobbyists but is not expected to be a commercially viable prospect.  
 
 

4.0 GEOLOGY 
 
The majority of the study area lies within a topographic and structural basin known as the Puget 
Lowland. The Puget Lowland basin is formed in bedrock that over time has been filled with 
younger, non-lithified (non-bedrock) sediments. Bedrock uplands occur on the on the western and 
southern sides of the County in the Capitol Forest and Vail areas, respectively. A summary of the 
geologic history and geology of the study area are presented below.  
 
4.1 Bedrock 
 
The majority of the bedrock within the study area has been identified as volcanic and sedimentary 
deposits related to river, shallow marine, and volcanic deposits along the continental margin that 
have been lithified into rock. These rocks are Miocene to Eocene in age (~10 to 50 million years 
before present) and generally consist of sandstone, siltstone, conglomerate, volcanic tuff, volcanic 
breccia, and volcanic flows deposited in shallow marine, fluvial and volcanic upland environments. 
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Strata in these rock formations are tilted or folded by tectonic forces related to movement of 
tectonic plates along the continental margin over time. A generally important quarry rock resource 
in the County are the volcanic interbeds in the Eocene Northcraft Formation in the southern part 
of the County and the Eocene Crescent Formation in the western part of the County. Additionally, 
isolated exposures of Miocene to Eocene age (~10 to 50 million years before present) intrusive 
igneous rock have also been mapped in the study area. These volcanic sills and volcanic dikes 
consist of gabbro and granite and granodiorite in the central, southern, and southeastern part of 
the County where it provides local quarry rock resource.  
 
4.2 Sand and Gravel 
 
The non-lithified sediments within the Puget Lowland were deposited during the Quaternary 
geologic time period (within the last 2½ million years). The Quaternary age deposits in the Puget 
Lowland are a result of multiple glacial advances with intervening episodes of nonglacial 
deposition. During glacial periods, the southern margins of the continental ice sheets extended 
from British Columbia into the Puget Lowland.  
 
The predominant Quaternary geologic formations in the County consist of deposits from the 
Vashon Stade of the Fraser Glaciation (11,500 to 15,000 years before present). The Fraser 
Glaciation was the last major continental ice sheet to occupy this region. Sediments from the 
Vashon Stade are widely exposed at the surface across much of Puget Sound and have strongly 
influenced the present day topography. As a result, the pre-Vashon landscape has been greatly 
modified by erosional and/or depositional processes of the Vashon ice sheet, and exposures of 
older glacial and nonglacial deposits are generally limited to widely spaced bluffs or river valley 
walls.  
 
During the Vashon age glaciation, initial climatic cooling and growth of ice masses in British 
Columbia began as early as 30,000 years before present, but the ice maximum did not occur until 
approximately 14,000 to 15,000 years before present. At its maximum extent, the Puget Lobe 
extended a few miles south of Olympia. Retreat of the Vashon ice sheet was rapid, and 
deglaciation of the Puget Lowland was completed by approximately 11,000 years before present. 
Two main geologic formations (units) were identified in the region as prospective target sources 
for sand and gravel. As discussed below, these units include (1) Vashon recessional outwash 
deposits, and (2) Vashon advance outwash deposits. Subsurface analyses indicate most of the 
recessional and advance outwash deposits are thin Type 3 (Table 2) bodies that are less than 
50 feet thick (Table 5). 
 
The rivers and streams of present day currently occupy many of the meltwater recessional 
channels formed during the retreat of the Vashon age glacier. Over the Holocene (last 10,000 
years), modern rivers have deposited alluvium (water-deposited river sediment) within modern 
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floodplains of the County. These floodplains are typically incised into broad valleys that have an 
older Vashon recessional glacial outwash plain history. 
 
4.2.1 Vashon Recessional Outwash 
 
The majority of the aggregate producers in Thurston County mine from Vashon recessional age 
deposits (unit Qvr on Table 4). Vashon recessional outwash may consist mostly of sand and gravel 
that was deposited by meltwater streams and lakes during the rapid deglaciation of the Vashon ice 
sheet. As the glacier retreated and valleys were exposed, meltwater pathways migrated northward 
behind the receding continental ice front forming new and younger outwash plain deposits that 
generally flowed to the west. Recessional outwash formed along the major river valleys south of 
the receding ice during glacial recession. Except for a few notable exceptions, many of the 
meltwater streams in the County did not empty into proglacial lakes forming deltas but instead 
were deposited mostly as river sediments (outwash) within outwash plains. In some cases 
recessional outwash accumulated in confined channels that were later abandoned after the 
retreat of the glacier. Incision of the outwash bodies by river meltwater as the fluvial system 
evolved resulted in terraces across most outwash plains. These are mostly due to regional glacial 
lake base level changes in the Puget Lowland during the close of the last glaciation and are the 
reason for the stepped appearance of the outwash plains visible on LiDAR. 
 
4.2.2 Vashon Advance Outwash 
 
The oldest Vashon Stade sediments consist of dense sand and gravel that accumulated in 
glaciofluvial (proglacial stream) and glaciolacustrine (proglacial lake) environments. As the Vashon 
age glacier moved southward, the pre-Vashon drainage patterns were altered as water was 
diverted to the south in front of the advancing ice sheet. These advance outwash sediments were 
deposited in stream channels, lakes, and deltas in front of, and were subsequently overridden by, 
the advancing ice sheet.  
 
At the base of the advancing glacier, an unsorted (poorly graded) mixture of clay, silt, sand, and 
gravel was deposited known as lodgement till. In many areas of the Puget Lowland, this poorly 
sorted deposit or diamicton commonly caps the advance outwash deposits that were overridden 
by the ice. Due to the high fines content, the Vashon lodgement till does not provide a suitable 
source for aggregate. Evaluation of the advance outwash deposits for suitability as a potential 
prospect included determining the thickness of the overlying Vashon lodgement till layer, if 
present. Consequently, not all Vashon advance outwash deposits are identified as sand and gravel 
prospects as the relatively thick overburden of lodgement till (>50 feet) indicates that mining 
would be unfeasible under current market and economic conditions. Additional study of the 
advance outwash sediments in marginal settings may be appropriate as future market and 
economic conditions change. 
 



Mineral Resource Lands of Long-Term  
Commercial Significance Inventory Study Thurston County Mineral Lands Project 
Thurston County, Washington Geologic Inventory and Classification Study 

 

 
August 30, 2017 ASSOCIATED EARTH SCIENCES, INC. 
JDD/ld - 160529H002-10 - Projects\20160529\TH\WP Page 18 

4.2.3 Pre-Vashon Outwash 
 
Pre-Vashon age unconsolidated sediments are present with depth under much of the Thurston 
County area. Some of these older deposits may contain large quantities of sand and gravel 
deposited in glaciofluvial and glaciolacustrine environments. For example, the older Double Bluff 
Glaciation (~130,000 to 180,000 years before present) extended slightly beyond the farthest 
extent of the Fraser Glaciation in the southern part of the County and represents the second oldest 
continental glacial lobe to reach Thurston County (Lea, 1984). However, due to the high 
percentage of decayed (weathered and oxidized) gravel in this and other pre-Vashon Quaternary 
formations, the aggregate from these deposits generally produce a lower-grade product that is 
unsuitable for borrow sources or in concrete. In addition, the older deposits tend to be buried 
beneath a younger layer of sediments and access to the older material is more difficult. For these 
reasons, no pre-Vashon age prospects were identified or included in the aggregate resource 
inventory. 
 
 

5.0 LIMITATIONS OF THE ANALYSIS 
 
The study has some limitations that should be considered when interpreting the outcomes. 
Resource mapping and classification is largely dependent upon the nature of the quantity and 
quality data used to define the prospect (Table 2). We inventoried high quality Type 1 quarry rock 
in areas if specific geologic information inferred such an assignment. In areas where this resource 
data is scant or non-existent, we used judgements based upon the current geologic understanding 
of the resource stratigraphy in the area to inventory and/or classify the prospect. As a result, the 
inventory and classification of the resources for this project are considered preliminary and will 
change with addition of new data in some areas. Similarly, a detailed inventory of the resource 
strata is largely dependent upon the existence of detailed previous geologic mapping studies for 
the entire County. The general lack of existing geologic map detail for upland bedrock areas in the 
western and southern parts of the County hampers these efforts due to the largely undivided 
nature of the bedrock formations in these areas. The result is that constituent interstratified 
resource strata (e.g., Type A or B lava flows) are not currently subdivided (mapped) and thus the 
resource mapping remains broadly defined. Consequently, the quarry rock resource areas are 
broadly classified as Type B2, B3, C2, and C3 (Table 2). This limitation is also compounded by the 
poor understanding of the geologic structure of these bedrock formations which controls the 
overall geometry (e.g., folding or tilting) of the constituent resource strata in parts of these upland 
areas. 
 
It should also be noted that tribal, federal, and municipal lands, as well as certain state lands, were 
excluded from the study. Thurston County identified all lands containing sand, gravel, and bedrock 
using the information sources listed in the GMA procedural rules, however it did recognize an 
exception based on governmental jurisdiction. Lands owned by the federal government (national 
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forest and military reservations), Native American Tribal trust lands, and land within cities were 
excluded from the inventory. The rationale for this exclusion is that Thurston County lacks the legal 
authority to regulate these lands or conserve mineral resources beneath them. There is no reason, 
therefore, to include these lands within the inventory, to classify them or to designate them. 
Excluding them early on in the process also helped conserve County resources for the project. This 
limited exclusion was also found to be consistent with approaches used in mineral resource 
planning efforts across the U.S. (Snohomish County, 1998, 2001).  
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7.0 GLOSSARY OF GEOLOGIC TERMS 
 
Aggregate - Sand and gravel used in the construction industry, primarily for concrete, grading material, backfill material, 
roadway support, or drainage control. 
 
Alluvium - Clay, silt, sand, gravel, and cobbles deposited by rivers and streams. 
 
Andesite - A light gray, extrusive igneous rock. 
 
Basalt - A black or dark gray, extrusive igneous rock. 
 
Bedrock - Solid rock below soil and/or other unconsolidated materials. 
 
Clast - A fragment of geological detritus, chunks and smaller grains of rock broken off other rocks by physical 
weathering. Geologists use the term clastic with reference to sedimentary rocks as well as to particles in sediment 
transport whether in suspension or as bed load, and in sediment deposits. Clastic rocks are composed of fragments, or 
clasts, of pre-existing minerals and rock.  
 
Clay - Mineral grain finer than 0.004 mm forming a plastic mass. Also refers to a distinct group of minerals such as 
bentonite, montmorillonite, or illite. 
 
Concrete - Composed of a mixture of aggregate, cement, and water. Aggregate forms an inert filler in the paste 
composed of cement and water. 
 
Contact - Surface where two geological units meet.  
 
Cryptocrystalline - Rock texture with a massive crystalline appearance; usually individual crystalline minerals cannot be 
distinguished without a microscope. 
 
Delta - A sedimentary deposit that accumulates at the mouth of a river where a decrease in water velocity induces 
deposition. 
 
Diamicton - Unsorted gravel, sand, silt, and clay unit. 
 
Energy - Forces in an environment available for the transport of particles. 
 
Extrusive - An igneous rock that has formed at the earth’s surface (lava). 
 
Fault - A fracture in sediment or rock along which movement has occurred. 
 
Fines - Silt and (or) clay size particles. In sieve analysis include the sediment less than the minus No. 200 mesh sieve size. 
 
Floodplain - A wide flat plain adjacent to a river that is constructed by sediment deposition when the river overflows its 
banks. Typically, floodplain deposits are composed of clay, silt, or fine sand and may contain organic material. 
 
Fluvial - Pertaining to rivers and streams. 
 
Foliated - Planar structure within a rock; commonly occurs in metamorphic rocks where the material has been 
compressed and/or stretched.  

https://en.wikipedia.org/wiki/Geological_detritus
https://en.wikipedia.org/wiki/Physical_weathering
https://en.wikipedia.org/wiki/Physical_weathering
https://en.wikipedia.org/wiki/Sedimentary_rock
https://en.wikipedia.org/wiki/Sediment_transport
https://en.wikipedia.org/wiki/Sediment_transport
https://en.wikipedia.org/wiki/Suspension_(chemistry)
https://en.wikipedia.org/wiki/Bed_load
https://en.wikipedia.org/wiki/Sediment
https://en.wikipedia.org/wiki/Minerals
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Formation - A distinctive unit, rock, or sediment within a group. 
 
Gap-graded - Lacking in a given grain size. 
 
Geologic unit - A volume of rock or sediment of identifiable origin and age range that is defined by the distinctive and 
dominant, easily mapped and recognizable petrographic, lithologic or paleontologic features (facies) that characterize 
it. 
 
Geomorphology - Study of processes affecting the origin and evolution of landforms. 
 
Glacial - Pertaining to glaciers and glacier ice. 

Postglacial - after a glacier 
Nonglacial - not associated with a glacier 
Proglacial - immediately in front of a glacier 
Glacial advance - movement of glacier into an area 
Glacial outwash - deposit of sand and gravel carried by running water from the melting ice of a glacier and laid 
down in stratified deposits 
Glacial recession - movement of a glacier out of an area through melting  

 
Glaciofluvial - Pertaining to streams associated with glaciers. 
 
Glaciolacustrine - Pertaining to lakes associated with glaciers. 
 
Gravel - Particle grain between 0.25 inches (4.75 mm) and 3 inches (80 mm). 
 
Ice Contact - Sediments deposited in contact with a glacier. 
 
Igneous - Crystalline rocks formed from the cooling of melted minerals or magma. Igneous rocks are divided into 
extrusive and intrusive varieties. 
 
Interbedded - said of beds lying between or alternating with others of different character; lying between beds or 
strata of a different rock or mineral; interstratified. 
 
Isopach map - illustrates thickness variations within a tabular unit, layer or stratum. Isopachs are contour lines of equal 
thickness over an area.  
 
Kame delta - Glacial landform formed by a stream of melt water flowing through or around a glacier and depositing 
material, known as kame (stratified sequence of sediments) deposits. Upon entering a proglacial lake at the end 
(terminus) of a glacier, the river/stream deposit these sediments. 
 
Lithified - To turn into stone or rock; i.e. bedrock. 
 
Lithology - The study of the characteristics of rocks; for example, color, texture, mineralogy, and grain size.  
 
Lodgement Till - A poorly sorted, nonstratified mixture of particles of all sizes deposited directly beneath a glacier. 
Typically composed of sand, gravel, and cobbles in a silt/clay matrix. 
 
Matrix - Fine-grained material surrounding larger particles. 
 

http://dictionary.sensagent.com/Petrology/en-en/
http://dictionary.sensagent.com/Lithology/en-en/
http://dictionary.sensagent.com/Paleontology/en-en/
http://dictionary.sensagent.com/Facies/en-en/
https://www.britannica.com/science/glacier
http://www.dictionary.com/browse/bed
https://en.wikipedia.org/wiki/Stratum
https://en.wikipedia.org/wiki/Contour_line
https://en.wikipedia.org/wiki/Glacier
https://en.wikipedia.org/wiki/Landform
https://en.wikipedia.org/wiki/Stream
https://en.wikipedia.org/wiki/Glacier
https://en.wikipedia.org/wiki/Deposition_(sediment)
https://en.wikipedia.org/wiki/Kame
https://en.wikipedia.org/wiki/Proglacial_lake
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Mineral - An inorganic solid of a distinctive crystalline structure and chemical composition; primary constituent of a 
rock.  
 
Non-lithified - Unconsolidated material that has not yet been turned into bedrock; i.e. sediment.  
 
Outwash - Stratified drift deposited by meltwater streams. 
 
Outwash Plain - Plain beyond the margin of a glacier composed of outwash. 
 
Oxidation - Weathering resulting from combination of chemical constituents with oxygen. 
 
Poorly graded - Engineering term describing a sediment that is composed of a limited number of grain sizes. Some 
beach sand is poorly graded containing predominantly medium-grained sand. (Geologic equivalent is well sorted.)  
 
Prospect - An area of potential mineral resource (sand and gravel or quarry rock) based on a preliminary analysis. 
 
Quaternary - The latest (and current) period in geologic time (2½ million years before present). 
 
Reserves - Mineral reserves are resources known to be economically feasible for extraction. The most commonly used 
categories in current aggregate studies are defined by the USGS (2014) and consist of indicated reserves and 
undiscovered (hypothetical or speculative) resources. In order to demonstrate that an indicated (commercially viable) 
reserve exists, the geology of the deposit must be very well known and (or) the deposit must have been defined by 
closely spaced exploratory drilling (Eungard and Czajkowski, 2015a). 
 
Sand - Particle grains ranging in size from 0.003 inches (0.75 mm) to 0.2 inches (4.75 mm). 
 
Sandstone - A rock containing predominantly sand size particles. 
 
Secondary mineralization - Minerals that crystallize after those of the surrounding rock, typically in fracture zones or on 
exposed surfaces, sometimes altering the original minerals by metamorphism, weathering, or solution processes. 
 
Sediment - Unconsolidated, non-lithified clay, silt, sand, gravel, cobble, or boulder size material. 
 
Sediment sieve analysis - or gradation test is a procedure used to assess the particle size distribution (also called 
gradation) of a granular material such as sediment. For aggregate provides the determination of relative proportions of 
fines, sand and gravel. 
 
Sediment gradation test - Same as sediment sieve analysis. 
 
Sedimentary - Formed by sedimentation. 
 
Sedimentation - The deposition of material being transported by a medium such as ice, water, or wind. 
 
Silt - Mineral grains less than 0.003 inches (0.75 mm) in diameter forming a non-plastic mass. 
 
Siltstone - A rock containing predominantly silt size particles. 
 
Strata - A layer of sedimentary rock or sediment with internally consistent characteristics that distinguish it from other 
layers. The "stratum" is the fundamental unit in a stratigraphic column and forms the basis of the study of stratigraphy. 

https://en.wikipedia.org/wiki/Particle_size_distribution
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Stratigraphic cross-section - Graphical representations of vertical slices through the earth used to clarify or interpret 
geological relationships with or without accompanying maps. 
 
Stratigraphy - The study of stratified deposits, especially their origins and age correlations. 
Structure - The overall arrangement and appearance of a specific group of rocks or deposits due to deformational 
processes. 
 
Supergene - In ore deposit geology, supergene processes or enrichment are those that occur relatively near the surface 
as opposed to deep hypogene processes. Supergene processes include the predominance of meteoric water circulation 
with concomitant oxidation and chemical weathering.  
 
Terrace - Typically a relatively long, narrow bench composed of alluvium sediments indicating deposition during a 
former water level. 
 
Tertiary - The next to latest period in geologic history (65 million years to 2 million years B.P.). 
 
Volcanic dike - a sheet of rock that formed in a fracture in a pre-existing rock body and form when magma intrudes into 
a crack then crystallizes as a sheet intrusion.  
 
Volcanic sill - a tabular sheet intrusion that has intruded between older layers of sedimentary rock, beds of volcanic lava 
or tuff, or even along the direction of foliation in metamorphic rock.  
 
Weathering - The physical or chemical breakdown of rocks or other materials. 
 
Well-graded - Engineering term describing a sediment that has a wide range of grain sizes. (Geologic equivalent is 
poorly sorted.)  
 
Well-sorted - Geologic term describing a sediment that is composed of a limited number of grain sizes. Some beach 
sand is poorly sorted containing predominantly medium-grained sand. (Engineering equivalent is poorly graded.)  
 

https://en.wikipedia.org/wiki/Ore
https://en.wikipedia.org/wiki/Geology
https://en.wikipedia.org/wiki/Hypogene
https://en.wikipedia.org/wiki/Meteoric_water
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Weathering
https://en.wikipedia.org/wiki/Fracture_(geology)
https://en.wikipedia.org/wiki/Magma
https://en.wikipedia.org/wiki/Sheet_intrusion
https://en.wikipedia.org/wiki/Sheet_intrusion
https://en.wikipedia.org/wiki/Intrusion_(geology)
https://en.wikipedia.org/wiki/Stratum
https://en.wikipedia.org/wiki/Sedimentary_rock
https://en.wikipedia.org/wiki/Volcanic
https://en.wikipedia.org/wiki/Lava
https://en.wikipedia.org/wiki/Tuff
https://en.wikipedia.org/wiki/Foliation_(geology)
https://en.wikipedia.org/wiki/Metamorphic_rock


 
Table 1 

Major Sources of Information for the 
Thurston County Mineral Resource Lands Project 

 
Data Source Notes 

TC geologic map compilation TC GIS geologic map compilation and metadata derived from DGER information 
TC subsurface data compilation TC subsurface data (improved from USGS and other dataset(s)) 
TC active mine dataset Mine GIS dataset from TC updated in 2009. 
LiDAR imagery Used to update geologic mapping of resource areas particularly where only 

1:100,000-scale geologic mapping exists. Covers all of TC 
DGER 24k and 100k geologic mapping of TC 24k and 100k geologic mapping covers TC 
DGER subsurface database Large dataset with wells, borings, and geotechnical studies (some with sieve 

data). Information covers much of TC and includes DOE water well reports, 
geotechnical reports, and other information 

DGER mine database Active and inactive permitted mine database including reclamation plans 
DGER Shelton quadrangle resource study Covers the northwest corner of TC 
DGER Pierce and Lewis County resource studies Adjacent resource studies consulted 
DOT active and inactive mine database DOT mine information including reclamation plans, cross-sections, drilling logs  
DOT subsurface database Database of borings along major highways 
DOT aggregate and rock quality database Aggregate and bedrock quality data (sieve, LA abrasion tests, etc.) 
USGS topographic maps 7.5-minute topographic maps of TC with mine with pit, mine and quarry 

location information 
USGS geohydrology study of TC of Droost and others 
(1998, 1999) 

Variety of surface and subsurface information including subsurface data,  
cross-sections, etc.; covers most of the county 

USGS geohydrology geology and geohydrology study of 
Thurston County of Walters and Kimmel (1968) and 
WDWR geology and ground water resources of Wallace 
and Molenaar (1961) and Noble and Wallace (1966) 

Variety of surface and subsurface information including subsurface data,  
cross-sections, etc.; covers most of the county 

AESI project information Provides additional surface and subsurface site-specific information including 
resource quality and quantity information at various sites across the county 
including sediment sieve analysis at several sites 

Miscellaneous Geologic Publications Examples include Lea (1984) and Globerman (1981) TC thesis studies  
TC = Thurston County; GIS = Geographic Information Systems; DGER = Washington State Department of Natural Resources Division of Geology 
and Earth Resources; USGS = United States Geological Survey; LiDAR = Light Detection and Ranging; DOE = Washington State Department of 
Ecology; DOT = Washington State Department of Transportation; AESI = Associated Earth Sciences, Inc.; WDWR, Washington Division of Water 
Resources 
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Table 2 
Thurston County Mineral Resource Lands Aggregate Quarry Rock Classification System 

 

Sand and Gravel 
(Aggregate) 

Resource Strata 
decreasing resource quality 

Non- 
Resource 

Quality Type A1 Quality Type B2 Quality Type C3 Quality Type D4 
 

D
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s 
an

d 
vo
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m
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Quantity 
Type 1 

• <5 percent fines5 
• 70:30 to 30:70 sand and gravel ratio 
• >25 years’ life expectancy 
• Minimum 240,000 yd3/acre 
• >100 feet thick 
• Minimum overburden 

• Up to 15 percent fines5 
• 70:30 to 30:70 sand and gravel ratio 
• >25 years’ life expectancy 
• Minimum 240,000 yd3/acre 
• >100 feet thick 
• Minimum overburden 

• Up to 25 percent fines5 
• 70:30 to 30:70 sand and gravel ratio 
• >25 years’ life expectancy 
• Minimum 240,000 yd3/acre 
• >100 feet thick 
• Minimum overburden 

• Generally 
unsuitable for 
extraction  

• >25 percent 
fines5, may have 
high organic 
content 

• Out of 70:30 to 
30:70 sand and 
gravel range 

• No life expectancy 
• <15,000 yd3/acre 
• Limited depth 

Quantity 
Type 2 

• <5 percent fines 
• 70:30 to 30:70 sand and gravel ratio 
• 10 to 25 years’ life expectancy 
• Average 80,000 to 240,000 yd3/acre 
• 50 to I00 feet thick 
• Overburden <15 feet thick 

• Up to 15 percent fines 
• 70:30 to 30:70 sand and gravel ratio 
• 10 to 25 years’ life expectancy 
• Average 80,000 to 240,000 yd3/acre 
• 50 to 100 feet thick 
• Overburden <15 feet thick 

• Up to 25 percent fines 
• 70:30 to 30:70 sand and gravel ratio 
• 10 to 25 years’ life expectancy 
• Average 80,000 to 240,000 yd3/acre 
• 50 to 100 feet thick 
• Overburden <15 feet thick 

Quantity 
Type 3 

• <5 percent fines 
• 70:30 to 30:70 sand and gravel ratio 
• Life expectancy variable, generally <10 years 
• Average 15,000 to 80,000 yd3/acre 
• Thickness varies, typically <50 feet 

• Up to 15 percent fines 
• 70:30 to 30:70 sand and gravel ratio 
• Life expectancy variable, generally <10 years 
• Average 15,000 to 80,000 yd3/acre 
• Thickness varies, typically <50 feet 

• Up to 25 percent fines 
• 70:30 to 30:70 sand and gravel ratio 
• Life expectancy variable, generally <10 years 
• Average 15,000 to 80,000 yd3/acre 
• Thickness varies, typically <50 feet 

  
Quarry Rock6 

(Bedrock)  
Quality Type A Quality Type B13 Quality Type C7 Quality Type D8 

D
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ce
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Type 110 

•  Formation generally well mapped and (or) high 
percentage of formation contains resource 
strata of type A 

•  Meets or exceeds WSDOT specs for all rock 
products 

• Minimal amount of fractures9 
• Minimal percent waste rock 
• 20 percent or more rockery-size material produced 

• Formation mostly divided locally and contains a 
high percentage of resource strata of Type B 

• Meets WSDOT specs for some rock products 
• Fractures vary from minor to very prevalent9 
• Up to 10 percent waste rock 
• 20 percent or less rockery-size material 

produced10
 

• Formation mostly divided locally and contains 
a high percentage of resource strata of Type C 

• Rock will not meet WSDOT specs 
• Highly fractured9 
• 10 to 30 percent waste rock 
• Minimal rockery-size material produced10

 

• Generally 
unsuitable for 
extraction8 

• >30 percent waste 
rock 

• Highly to very highly 
fractured9 and (or) 
weathered and (or) 
poorly lithified 

• No rockery-
size material 
produced 

Type 211 
None 
 

• Formation undivided12 and >50% of formation 
contains mostly resource strata of Type B as 
defined for Type 1 bedrock 

• Formation undivided12 and >50% of 
formation contains mostly resource strata of 
type C as defined for Type 1 bedrock 

Type 311 
• Formation undivided12 and <50% formation 

contains mostly resource strata of Type B as 
defined for Type 1 

• Formation undivided12 and <50% of 
formation contains mostly resource strata of 
Type C as defined for Type 114 

 
1 Type A sand and gravel is generally suitable for use in concrete. Aggregate meets or exceeds Washington State Department of Transportation (WSDOT) specs for all products. 
2 Because of variability of grain size and fines content, Type B sand and gravel is less likely to be utilized in concrete and is generally considered to be a borrow source. Aggregate meets WSDOT specs for most or all products. 
3 Type C sand and gravel is highly variable in grain size, generally sound, and is suitable for roadway fill and small borrow pits; not suitable for concrete. Aggregate is near or below WSDOT specs for most or all products. 
4 Type D deposits may include fine sand, silt, clay, or lodgement till. 
5 Fines are defined as percent material passing through a No. 200 sieve size. 

 
 



 
 
 

6 The depth of the bedrock is immense, and essentially incalculable in the scope of this study.  Mining depth would be limited by quality and other land use and environmental constraints.  Hence, bedrock has been classified by 
quality considerations only at this time. 

7 Type C bedrock may break down easily due to the previous effects of hypothermic activity, metamorphism, or weathering. 
8 Type D bedrock may mostly include poorly quality sedimentary and volcanic rock.  
9 Fracture pattern in bedrock deposits may vary depending on other quality factors. 

10 Type 1 bedrock resources are typically compound lava flows or igneous intrusions that contain abundant Type A and/or B igneous rock types. 
11 Type 2 and 3 resource units are undivided bedrock formations and thus constituent interstratified resource strata (e.g., Type A or B lava flows) are not currently subdivided (mapped) within the formation.  
12 Type 1 strata locally mapped within Type 2 and 3 resource units within undivided bedrock formations determined using mine, LiDAR, previous small study geologic mapping, and other sources. 
13 The Skookumchuck Formation and Puget Group (Type B3) generally lack quarry rock resource strata but contain local silica sand and clay in sedimentary interbeds of arkosic sandstone and claystone, respectively. 
14 We include Tono pit coal mine in with C3 Quarry rock resources. Although this was previously designated by the Thurston County as a resource of long-term signficance the coal mine was shut down in 2006 and is likely 

currently an uneconomic deposit that lacks long-term commercial signficance.  
WSDOT = Washington State Department of Transportation  
yd3/acre = cubic yards per acre; Table 2 is modified from Table 1 of AESI (1998) 
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Table 3 
Common WSDOT Aggregate Quality Tests 

 
Quality Test Description 

Los Angeles (LA) Abrasion 
(AASHTO T 96) 

This test is conducted to evaluate the toughness of an aggregate and provides 
an indication of how readily crushed rock will may break down through 
transport and handling.  With LA Abrasion, the lower the LA value the better the 
rock.  WSDOT requires an LA value of 30 or lower for State-approved projects 
for most paving applications. 

Specific Gravity and 
Absorption 

(AASHTO T 85) 

The specific gravity test is used to determine weight-to-volume ratios and the 
volume of voids in an aggregate.  For most applications, the higher the value the 
better and typically WSDOT requires a bulk specific gravity of 2.55 or higher.  
Absorption can be used as measure of an aggregate’s long-term durability and 
the volume of asphalt binder that the crushed rock may absorb with paving 
projects.  With absorption, the lower the value the better and WSDOT allows a 
maximum 3% value for State-approved projects. 

Degradation Value 
(WSDOT T 113) 

This test measures the susceptibility of an aggregate to break down into plastic 
fines when abraded in the presence of water.  The degradation value is typically 
a good indication of an aggregate’s long-term durability. With this test, the 
higher the value the better the rock.  For top course aggregate used in paving 
projects WSDOT requires a minimum degradation value of 30.  For base course 
and rip-rap applications, a minimum degradation value of 15 is required. 

AASHTO = American Association of State Highway and Transportation Officials 
WSDOT = Washington State Department of Transportation 
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Table 4 
Thurston County Mineral Resource Lands Aggregate Volume Estimates 

 

Glacial Outwash Type by 
Quadrangle Area1 

Sum of Area 
(Square Feet)2 Average Depth (Feet)3 

Sum of Volume  
(Million Cubic Yards)4 Sum of Volume (Million Tons)5 

Vashon Advance Glacial Outwash (Unit Qva) 
Total Unit Qva 114,580,000 32 116 201 
East Olympia 38,250,000 25 22 38 
Lacey 4,190,000 38 6 10 
Maytown 25,750,000 30 37 64 
Nisqually 10,520,000 25 10 17 
Summit Lake 14,040,000 39 20 36 
Tenalquot Prairie 9,870,000 27 10 17 
Tumwater 11,960,000 24 11 19 

Vashon Recessional Outwash (Unit Qvr) 
Total Unit Qvr 3,426,530,000 28 3,649 5,912 
Bald Hill 200,210,000 35 234 380 
Bucoda 173,890,000 22 156 252 
East Olympia 324,050,000 35 246 399 
Eatonville 10,750,000 25 10 16 
Kamilche Valley 51,810,000 25 48 78 
Lacey 111,800,000 34 102 165 
Lake Lawrence 271,460,000 21 211 341 
Little Rock 240,150,000 24 336 544 
Maytown 226,100,000 25 210 340 
McKenna 221,430,000 33 334 540 
Nisqually 311,270,000 41 490 794 
Oakville 22,460,000 27 25 40 
Rochester 777,170,000 34 909 1,473 
Squaxin Island 540,000 25 1 1 
Summit Lake 25,280,000 22 20 33 
Tenalquot Prairie 156,120,000 24 131 212 
Tumwater 138,440,000 17 85 138 
Vail 146,490,000 21 87 141 
Violet Prairie 17,100,000 25 16 26 
Total Glacial Outwash Aggregate 
(units Qva and Qvr) 

3,541,100,000 29 3765  61136 

1 Thurston County covered by twenty-six 7.5-minute scale USGS topographic quadrangle maps (quadrangle). 
2 Area determined using GIS total area calculations for units Qva and Qvr for each 7.5-minute quadrangles in Thurston County (e.g., East Olympia quadrangle). Values rounded to the nearest 10,000 ft2. 
3 Average depth determined for each outwash resource map polygon determined using subsurface data (e.g., well and geotechnical boring logs) from various public sources (Table 1) for each quadrangle. 

There are a total of 186 unit Qvr and Qva prospects in Thurston County. The provided average is the average of all the unit Qvr or unit Qva prospects in the individual quadrangles. For example, there are 
two unit Qvr prospects in the Vail 7.5-minute quadrangle. These two prospects have average depths of 16 and 25 feet, respectively, thus the average depth for the entire quadrangle is 20.5 feet (rounded 
to 21 feet). Average depth data for the individual prospects can be provided upon request. For this resource study a “aggregate prospect” is defined as a glacial outwash body or bodies that have relatively 
uniform geologic characteristics including overall average depth. 

4 Volume = Area x Depth. Values rounded to the nearest 1 million cubic yards. 
5 Conversion factor from cubic yards to tons dependent upon sand and gravel density—unit Qvr 1.62 tons/cubic yard and unit Qva 1.74 tons/cubic yard. Unit Qva has higher density because of the 

consolidation of Vashon advance outwash by overriding glacial ice. Values rounded to the nearest 1 million cubic tons. 
6 Individual prospects may include sand or non-resource strata in localized areas. See text for other economic geologic caveats for Thurston County aggregate estimates. 
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Table 5 
Thurston County Mineral Resource Lands Aggregate Volume Estimates by Quantity Type 

 

Glacial Outwash 
Quantity Type by 

Quadrangle 
Area2 

Type 11 (>100 feet thick) Type 21 (50-I00 feet thick) Type 31 (>100 feet thick) 
Sum of Volume  

(Million 
Cubic Yards)3 

Sum of Volume 
(Million Tons)4 

Sum of Volume  
(Million 

Cubic Yards)3 
Sum of Volume 
(Million Tons)4 

Sum of Volume  
(Million 

Cubic Yards)3 
Sum of Volume 
(Million Tons)4 

Total Unit Qva 0 0 42 73 74 128 
East Olympia 0 0 2 4 20 34 
Lacey 0 0 0 0 6 10 
Maytown 0 0 25 43 12 20 
Nisqually 0 0 0 0 10 17 
Summit Lake 0 0 15 26 6 10 
Tenalquot Prairie 0 0 0 0 10 17 
Tumwater 0 0 0 0 11 19 

Total Unit Qvr 148 240 241 391 3,260 5,281 
Bald Hill 0 0 0 0 234 380 
Bucoda 0 0 0 0 156 252 
East Olympia 7 11 27 44 212 343 
Eatonville 0 0 0 0 10 16 
Kamilche Valley 0 0 0 0 48 78 
Lacey 0 0 20 33 82 133 
Lake Lawrence 0 0 0 0 211 341 
Little Rock 0 0 0 0 336 544 
Maytown 0 0 27 43 183 297 
McKenna 0 0 0 0 334 540 
Nisqually 141 229 82 132 267 432 
Oakville 0 0 0 0 25 40 
Rochester 0 0 79 129 830 1,344 
Squaxin Island 0 0 0 0 1 1 
Summit Lake 0 0 0 0 20 33 
Tenalquot Prairie 0 0 6 10 125 202 
Tumwater 0 0 0 0 85 138 
Vail 0 0 0 0 87 141 
Violet Prairie 0 0 0 0 16 26 

Total Glacial 
Outwash 
Aggregate (units 
Qva and Qvr) 

148 2404 283 4644 3,334 5,4094 

 
1 See Table 2 (Thurston County Mineral Resource Lands Aggregate Classification System) for further aggregate quantity and related information. 
2 Thurston County covered by twenty-six 7.5-minute scale USGS topographic quadrangle maps (quadrangle).  
3 Volume = Area x Depth. Values rounded to the nearest 1 million cubic yards. 
4 Conversion factor from cubic yards to tons dependent upon sand and gravel density—unit Qvr 1.62 tons/cubic yard and unit Qva 1.74 tons/cubic yard. Unit 

Qva has higher density because of the consolidation of Vashon advance outwash by overriding glacial ice. Values rounded to the nearest 1 million cubic tons. 
Individual prospects may include sand or non-resource strata in localized areas. See text for other economic geologic caveats for Thurston County aggregate 
estimates. 
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