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Hydrogeologic Framework of the Johns Creek  
Subbasin and Vicinity, Mason County, Washington

By Wendy B. Welch, and Mark E. Savoca

Abstract
This report describes the hydrogeologic framework of 

the groundwater-flow system in the Johns Creek subbasin and 
vicinity. The study area covers 97 square miles in southeastern 
Mason County, Washington, and includes the Johns Creek 
subbasin, which drains an area of about 11 square miles. 
The study area extends beyond the Johns Creek subbasin 
to include major hydrologic features that could be used as 
regional groundwater-flow model boundaries. The subbasin is 
underlain by a thick sequence of unconsolidated Quaternary 
glacial and interglacial deposits, which overlie Tertiary 
igneous and sedimentary bedrock units. Geologic units were 
grouped into eight hydrogeologic units consisting of aquifers, 
confining units, undifferentiated deposits, and an underlying 
bedrock unit. A surficial hydrogeologic map was developed 
and used with lithologic information from 200 drillers’ logs 
to construct 4 hydrogeologic sections, and unit extent and 
thickness maps.

Introduction
Johns Creek in Mason County, Washington, is an 

important producer of coho and chum salmon. In 1984, 
the Washington State Department of Ecology (Ecology) 
established an Instream Resources Protection Program for 
Water Resource Inventory Area 14 (WAC 173-514) to retain 
sufficient in-stream flow to protect fish and wildlife, scenic, 
aesthetic, and other environmental values. This rule closed 
Johns Creek and its tributaries annually from September 16 
through November 15 to all consumptive appropriations, and 
established minimum instream flows for the rest of the year. 
Despite these protections, Johns Creek streamflows near the 
mouth have decreased to the point that average daily flows 
now rarely meet the established minimum instream flow 
requirements from mid-February through September. A better 
understanding of hydrogeology and groundwater discharge to 
streams in Johns Creek subbasin is needed to assist Ecology in 
the development of appropriate management options.

In January 2011, the U.S. Geological Survey (USGS), in 
cooperation with Ecology, began a study to characterize the 
hydrogeologic units (HGUs) in the Johns Creek subbasin and 
vicinity. These data are anticipated to be integrated, along with 
other information, into a numerical groundwater-flow model 
to contribute to improved understanding of water resources in 
the area.

Purpose and Scope

This report presents information used to characterize the 
HGUs in the Johns Creek subbasin, and vicinity. The report 
includes lithologic descriptions and extent and thickness 
maps for each HGU, a surficial hydrogeologic map, and four 
hydrogeologic sections. The study area extends beyond the 
Johns Creek subbasin to include major hydrologic features that 
could be used as regional groundwater-flow model boundaries.

Description of Study Area

The study area covers 97 mi2 in southeastern Mason 
County, Washington, (fig. 1) and includes the Johns Creek 
subbasin, which drains an area of about 11 mi2. Johns Creek 
originates in sparsely populated, forest and open prairie 
uplands, and flows to the southeast where it discharges to 
Puget Sound at Oakland Bay. The study area extends north 
to the Skokomish River Valley and Puget Sound along Hood 
Canal, southeast to the City of Shelton and Oakland Bay, and 
extends several miles south and west of the subbasin. The 
study area is underlain by a thick sequence of unconsolidated 
Quaternary glacial and interglacial deposits, which overlie 
Tertiary igneous and sedimentary bedrock units. The study 
area extends beyond the Johns Creek subbasin to include 
major hydrologic features that could be used as regional 
groundwater-flow model boundaries.

The marine climate in the study area is temperate with 
warm, dry summers, and cool, wet winters. Temperatures 
are moderated by the Pacific Ocean and Puget Sound. The 
ocean provides an abundant supply of moisture for winter 
storms that typically approach the area from the southwest. 
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The annual average precipitation (1971–2000) at Shelton 
(fig. 1) is 65.7 in/yr (National Oceanic and Atmospheric 
Administration, 2007). The distribution of precipitation varies 
throughout the year. Summers (June–August) typically are 
dry with an average total precipitation at Shelton of 4.0 in. 
Winters (December–February) are wetter than summers with 
an average total precipitation of 29.4 in. The average monthly 
temperature (1971–2000) at Shelton ranges from about 39 °F 
in December to about 65 °F in August (National Oceanic and 
Atmospheric Administration, 2007). 

Geologic Setting 

The summary of major geologic events in the study area 
is based on the work of Easterbrook (1969), Molenaar and 
Noble (1970), Schasse and others (2003), and Polenz and 
others (2010). Tectonic forces related to subduction of oceanic 
crust beneath the western coast of North America resulted in 
uplift and accretion of Eocene igneous and sedimentary rocks 
along the continental margin. These deformed rocks form the 
bedrock beneath the study area in southeastern Mason County. 
The Puget Lobe of the Cordilleran ice sheet advanced into the 
study area several times during the Pleistocene Epoch. The 
most recent period of glaciation, the Vashon Stade of Fraser 
glaciation, began about 17,000 years ago when the continental 
ice sheet in Canada expanded, and the Puget Lobe advanced 
southward, eventually covering the entire Puget Sound basin 
before halting and retreating. Unconsolidated deposits of 
glacial and interglacial origin are present throughout the study 
area and typically range in thickness from 600 to more than 
1,000 ft. A typical glacial sequence progresses from advance 
outwash, to till, to recessional outwash. Fluvial, lacustrine, 
bog, and marsh depositional environments were common 
during interglacial periods. 

Methods of Investigation 
The HGUs in the Johns Creek subbasin and vicinity 

were defined using previously published geologic maps, 
well records with drillers’ logs available from Ecology, 
and previous investigations by Molenaar and Noble (1970) 
and Northwest Land and Water, Inc. (2005). The surficial 
hydrogeologic map for the study area (pl. 1; scale 1:40,000) 
was produced by merging available digital surficial geologic 
maps (Logan 2003; scale 1:100,000; Schasse and others, 2003, 
scale 1:24,000; Polenz and others, 2010, scale 1:24,000.) 

Thirty-six geologic units delineated on these source maps were 
grouped into 8 HGUs based on similarities in lithology (grain 
size and sorting), hydrologic characteristics, and relative 
stratigraphic position (table 1). 

Well records that document the drilling (drillers’ log 
description of borehole lithology) and construction were 
compiled from the Ecology database to identify potential wells 
for use in this study. Candidate wells were selected based on 
their spatial distribution, depth of the well, and availability 
of a complete well record with drillers’ log. The goal was 
to obtain an even distribution of wells throughout the study 
area; however, this was not possible for the entire study area 
because of a lack of wells in less populated areas. Because 
there was no field inventory of wells conducted for this study, 
locations of wells were obtained from records of previous 
investigations, well addresses from drillers’ logs, and locations 
in quarter-quarter sections recorded in the Ecology database.

The surficial hydrogeologic map and lithologic data from 
200 drillers’ logs were used to construct several hydrogeologic 
sections using A-Prime Software’s CrossView™ for ArcGIS® 
to identify and correlate the HGUs in the subsurface. Four 
representative hydrogeologic sections are shown in plate 1. 
HGUs were assigned to the various lithologic layers depicted 
in each well log based on lithology (grain size and sorting), 
hydrologic characteristics (aquifer or confining unit), and 
relative stratigraphic position. HGU assignments were used to 
delineate the extent of each unit throughout the study area. The 
altitude of the top surface of a unit was interpolated in a GIS 
at a 50 ft interpolation grid cell size, using a method based on 
the Australian National University Digital Elevation Model 
(ANUDEM) procedure developed by Hutchinson (1989). 
HGU top surfaces were constrained to a LiDAR-derived land 
surface digital elevation model (DEM) at locations where 
the units cropped out. If part of the top surface of a unit was 
interpolated above the top of an overlying unit then minimum 
thickness values for the overlying unit were used in the 
calculations to adjust the altitude of the top of the underlying 
unit where needed. Unit thickness maps were created by using 
the GIS to calculate the difference between the top of a unit 
and the interpolated top of the underlying unit(s). Residuals 
were calculated as the difference between the unit surface 
altitudes assigned for a specific well log and unit altitudes of 
the interpolated digital hydrogeologic surfaces at the location 
of the well. Statistics on the residuals were determined for 
each HGU, excluding the alluvial aquifer (AA), to provide 
a quantitative comparison between the specific well log data 
and the interpolated surfaces for the entire study area (table 2; 
fig 2). Residuals commonly were within ±1 ft for all HGUs. 
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Table 2.   Statistics for the interpolated digital hydrogeologic 
surfaces.

[Count: Refers to number of wells or data points used for the interpolation 
of altitudes of digital hydrogeologic surfaces. Absolute mean: Difference 
is average absolute difference between the interpreted hydrogeologic unit 
altitudes from well logs and altitudes of the interpolated digital hydrogeologic 
surfaces. Minimum and maximum: Differences are measured from the 
interpreted hydrogeologic unit altitudes from well logs and altitudes of the 
interpolated digital hydrogeologic surfaces]

Hydrogeologic units Count

Difference 
(feet)

Absolute 
mean 

Minimum Maximum

UA (upper aquifer) 112 0.62 -21.49 6.61
UC (upper confining) 164 3.04 -70.46 19.90
MA (middle aquifer) 150 2.20 -18.62 23.47
LC (lower confining) 137 2.24 -21.83 22.13
LA (lower aquifer) 130 3.54 -22.10 24.75
UD (undifferentiated 

   deposits)
32 8.65 -8.16 120.83

The absolute mean difference for all HGUs was within 3.38 ft. 
Interpolated digital hydrogeologic surfaces are reasonably 
well constrained in areas with closely spaced wells in Johns 
Creek subbasin and less well constrained in areas outside 
the subbasin (pl. 1). The altitude of the top of bedrock was 
calculated in a GIS using contours representing the altitude of 
the top of the basement-confining unit (pl. 1; Jones, 1999) and 
land surface altitudes where bedrock outcrops.

A concurrent study to characterize the hydrogeology of 
areas adjacent to this study was conducted by Northwest Land 
and Water, Inc., for the Squaxin Island Tribe. In an effort to 
minimize differences in hydrogeologic interpretations (unit 
assignments) between these two studies, technical information 
was exchanged between the USGS and Northwest Land 
and Water, Inc., during construction of the hydrogeologic 
frameworks.
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Hydrogeologic Framework
The hydrogeologic framework defines the physical, 

lithologic, and hydrologic characteristics of the HGUs 
that compose the groundwater system in the study area. 
An understanding of these characteristics is important in 
determining the occurrence, movement, and availability of 
groundwater in aquifers within Johns Creek subbasin, and the 
exchange of water between the aquifers and creeks.

Geologic units were grouped into HGUs, consisting of 
aquifers and confining units (table 1) based on similarities in 
lithology (grain size and sorting), hydrologic characteristics, 
and relative stratigraphic position. The HGUs defined in 
this study (table 1) are based on units previously defined by 
Northwest Land and Water, Inc. (2005) in the study area. 
Differences between units defined in this study and those 
previously defined by Northwest Land and Water, Inc. 
(2005) include the: (1) addition of an alluvial aquifer unit, 
(2) combination of the B and C confining units into an upper 
confining unit (UC), and (3) division of unit F into a lower 
aquifer unit (LC) and undifferentiated deposits (UD).

An aquifer is saturated geologic material that is 
sufficiently permeable to yield water in significant quantities 
to a well or spring, whereas a confining unit has low 
permeability that restricts the movement of groundwater and 
limits the usefulness of the unit as a water source. Unconfined 
and confined conditions are present in aquifers in Johns Creek 
subbasin and affect the movement and storage of groundwater. 
Unconfined conditions occur when the upper surface of the 
saturated zone (water table) is at atmospheric pressure and the 
water table is free to rise and decline, filling and draining pore 
space, respectively, in response to changes in groundwater 
recharge and discharge. Confined conditions occur when 
groundwater pressure exceeds atmospheric pressure due to 
the presence of a less permeable overlying unit that constrains 
the thickness of the saturated zone. Changes in fluid pressure 
or head under confined conditions in response to groundwater 
recharge and discharge are governed by the compressibilities 
of the fluid and the skeletal matrix of the unit and do not result 
in filling or draining pore space. 

Glacial deposits are generally heterogeneous, and 
although a glacial aquifer may be composed primarily of sand 
or gravel, it may locally contain varying amounts of clay or 
silt. Similarly, a confining layer composed predominantly 
of silt or clay may contain local lenses of coarser-grained 
material. Aquifers in the study area consist primarily of recent 
alluvium and glacial outwash, but may include coarse-grained 
interglacial deposits. The confining units consist primarily 
of glacial till, glaciolacustrine deposits, and fine-grained 
interglacial deposits. Unconsolidated glacial and interglacial 
aquifer and confining units are underlain by low-permeability 
Tertiary bedrock units, described as the basement-confining 
unit in Jones (1999). Eight HGUs are recognized in the 
study area (table 1, pl. 1) and their lithologic and hydrologic 
characteristics are described below.

Alluvial Aquifer (AA) – The alluvial aquifer is present at land 
surface throughout the Skokomish River Valley, along parts 
of Johns Creek and other local creeks, and in discontinuous 
or isolated bodies in marsh areas and depressions in upland 
areas (pl. 1). The aquifer also is projected under Hood Canal at 
the mouth of the Skokomish River based on unit top altitudes 
and bathymetry (pl. 1). The aquifer consists of alluvial gravel, 
sand, and silt, with clay and peat deposits. The thickness of 
the alluvial aquifer ranges from 5 to 229 ft with an average 
thickness of 17 ft (fig. 3). Groundwater in this aquifer 
generally is unconfined; however, confined conditions may 
occur locally beneath clay deposits.

Upper Aquifer (UA) – The upper aquifer is present at land 
surface throughout much of central and western parts of 
the study area, in discontinuous or isolated bodies within 
depressions in upland areas, and beneath alluvial aquifer 
deposits along parts of Johns and Goldsborough Creeks 
(pl. 1). The upper aquifer primarily is composed of Vashon 
recessional outwash deposits of the Fraser Glaciation and 
consists of sand and gravel, with lenses of clay, silt, and fine 
sand deposited by large melt-water streams formed during 
the northward retreat of the Puget Lobe. The thickness of 
the upper aquifer ranges from 5 to 255 ft with an average 
thickness of 34 ft (fig. 4). Groundwater in this aquifer 
generally is unconfined; however, confined conditions may 
occur locally beneath clay deposits.
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Figure 3. Extent and thickness of alluvial aquifer (AA) in Johns Creek subbasin and vicinity, Mason County, Washington.
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Figure 4. Extent and thickness of upper aquifer (UA) in Johns Creek subbasin and vicinity, Mason County, Washington.
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Upper Confining unit (UC) – The upper confining unit is 
present in the subsurface throughout most of the study area 
(fig. 5), with numerous surficial exposures in upland areas 
(pl. 1). This low-permeability unit primarily is composed 
of Vashon till and consists of unsorted and compacted clay, 
silt, sand, and gravel, with locally occurring lenses of sand 
and gravel capable of providing water for domestic use. The 
thickness of the upper confining unit ranges from 5 to 359 ft 
with an average thickness of 57 ft (fig. 5).

Middle Aquifer (MA) – The middle aquifer is present in the 
subsurface throughout most of the study area (fig. 6). Surficial 
exposures of the middle aquifer are limited to areas along the 
bluffs of the Skokomish River Valley and Puget Sound, bluffs 
along Goldsborough Creek near Oakland Bay, and isolated 
bodies within depressions in upland areas (pl. 1). The middle 
aquifer primarily is composed of Vashon advance outwash 
and consists of sand, gravel, and silt, with occasional lenses of 
clay. The thickness of the middle aquifer averages about 62 ft, 
but varies spatially from a thin veneer to about 150 ft (fig. 6)  
In two areas with low data density, the thickness exceeds 
200 ft. Groundwater in this aquifer generally is confined 
by the overlying upper confining unit; however, unconfined 
conditions may occur locally where the aquifer is not fully 
saturated or is exposed at the surface.

Lower Confining unit (LC) – The lower confining unit 
is present in the subsurface throughout most of the study 
area (fig. 7). Surficial exposures of the lower confining 
unit are limited to areas along the bluffs of the Skokomish 
River Valley and Puget Sound and along a deep incision of 
Goldsborough Creek west of Shelton (pl. 1). Exposures of the 
lower confining unit are projected beneath Oakland Bay based 
on unit top altitudes and bathymetry. This low-permeability 
unit is primarily composed of pre-Vashon glaciolacustrine and 
interglacial sediments and consists of clay and silt, with some 
till and occasional deposits of peat and wood. The average 
thickness of the lower confining unit is 106 ft but locally 
exceeds 350 ft in areas with low data density (fig. 7).

Lower Aquifer unit (LA) – The lower aquifer unit is 
present in the subsurface throughout most of the study area 
(fig. 8), and is not present at land surface except where it is 
projected beneath Hood Canal based on unit top altitudes 
and bathymetry (pl. 1). The aquifer is primarily composed of 
pre-Vashon outwash deposits and consists of sand and gravel, 
silt and clay, with some till deposits. The thickness of the 
lower aquifer typically ranges from 5 to 200 ft with an average 
thickness of 105 ft (fig. 8). Groundwater in this aquifer 
generally is confined by the overlying lower confining unit.

Undifferentiated Deposits (UD) – Undifferentiated deposits 
are present in the subsurface throughout most of the study 
area (fig. 9), and are not present at land surface except 
where it is projected beneath Hood Canal based on unit top 
elevations and bathymetry (pl. 1). Undifferentiated deposits 
are composed of pre-Vashon glacial and interglacial sediments 
and consist of alternating layers of clay and silt, and sand 
and gravel. The thickness of undifferentiated deposits was 
computed by subtracting the top of bedrock from the top 
of the undifferentiated unit (fig. 9). Groundwater in the 
undifferentiated deposits is likely confined by overlying layers 
of clay and silt.

Bedrock (Br) – Bedrock outcrops are limited to a few places 
along the southwestern margin of the study area (pl. 1). This 
low-permeability unit consists of Tertiary extrusive (basalt) 
and intrusive (diabase and gabbro) igneous and sedimentary 
(siltstone and sandstone) rocks. 
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Figure 5. Extent and thickness of upper confining unit (UC) in Johns Creek subbasin and vicinity, Mason County, 
Washington.
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Figure 6. Extent and thickness of middle aquifer (MA) in Johns Creek subbasin and vicinity, Mason County, Washington.
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Figure 7. Extent and thickness of lower confining unit (LC) in Johns Creek subbasin and vicinity, Mason County, Washington.
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Figure 8. Extent and thickness of lower aquifer (LA) in Johns Creek subbasin and vicinity, Mason County, Washington.
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Figure 9. Extent and thickness of undifferentiated deposits (UD) in Johns Creek subbasin and vicinity, Mason County, 
Washington.
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Summary
Johns Creek in Mason County, Washington, is an 

important producer of coho and chum salmon. In 1984, the 
Washington State Department of Ecology established an 
Instream Resources Protection Program for Water Resource 
Inventory Area 14 (WAC 173-514) to retain sufficient 
in-stream flow to protect fish and wildlife, scenic, aesthetic, 
and other environmental values. This rule closed Johns 
Creek and its tributaries to all consumptive appropriations 
annually from September 16 through November 15, and 
established minimum instream flows for the rest of the year. 
Despite these protections, Johns Creek streamflows near the 
mouth have decreased causing average daily flows to rarely 
meet the established minimum instream flow requirements 
from mid-February through September. Data collected to 
characterize hydrogeologic units (HGUs) in the Johns Creek 
subbasin and vicinity in a study by the U.S. Geological 
Survey in cooperation with the Washington State Department 
of Ecology will be integrated, along with other information, 
into a numerical flow model to contribute to an improved 
understanding of water resources in Johns Creek Subbasin.

The study area covers 97 square miles in southeastern 
Mason County, Washington, and includes the Johns Creek 
subbasin, which drains an area of about 11 square miles. 
Johns Creek originates in sparsely populated, forest and open 
prairie uplands, and flows to the southeast where it discharges 
to Puget Sound at Oakland Bay. The subbasin is underlain 
by a thick sequence of unconsolidated Quaternary glacial 
and interglacial deposits, which overlie Tertiary igneous and 
sedimentary bedrock units. 

Geologic units were grouped into eight HGUs consisting 
of aquifers, confining units, and an underlying bedrock 
unit. In the study area, aquifers consist primarily of recent 
alluvium and glacial outwash, but also may include coarse-
grained interglacial deposits. The confining units consist 
primarily of glacial till, glaciolacustrine deposits, and fine-
grained interglacial deposits. A surficial hydrogeologic map 
was developed and used with lithologic information from 
200 drillers’ logs to construct 4 hydrogeologic sections, and 
unit extent and thickness maps. 
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