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Index map showing locations of principal geographic features named in this report. Numbers
refer to names alphabetically listed below. Rectangle outlines the Port Townsend
quadrangle. Dashed line indicates approximate maximum extent of the Cordilleran ice sheet
during the Vashon stade of Armstrong and others (1965) in the Puget Lowland.
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OF THE PORT TOWNSEND 30- BY 60-MINUTE QUADRANGLE, PUGET
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1. Admiralty Inlet* 22.
2. Arlington* 23.
3. Blowers Bluff* 24.
4. Camano Island* 25.
5. Cape George* 26.
6. Cicero* 2078
7. Colvos Passage 28.
8. Cultus Mountains* 29.
9. Double Bluff 30.
10. Florence* 31.
11. Fort Lawton 32.
12. Fraser River 33.
13. Georgia Depression 34.
14. Haystack Mountain* 35.
15. Indian Point 36.
16. Kayak Point* 37.
17. Kitsap Peninsula 38.
18. Marrowstone Island* 39.
19. Maxwelton 40.
20. McCurdy Point* 41.
21. Miller Peninsula* 42.

*Localities within the Port Townsend quadrangle

Norman*

Penn Cove*

Point Partridge*
Point Wilson*
Port Williams
Possession Point
Protection Island*
Quimper Peninsula*
Richmond Beach
Scatchet Head
Sedro Woolley*
Sequim
Strawberry Point*
Sumas

Sunlight Beach
Swantown*
Tenino

Useless Bay
Vashon Island
West Beach*
West Point
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DESCRIPTION OF MAP UNITS

- MODIFIED LAND (HOLOCENE)—Mixtures of earth materials, demolition

debris, garbage, and other municipal and industrial debris that have been
used in site preparation for highways, flood-control structures, solid-
waste storage, and other major construction facilities. Thickness
generally more than 2 m. Also includes areas where natural land surface
has been graded or otherwise disturbed by construction equipment

ALLUVIAL FAN DEPOSITS (HOLOCENE)—Poorly to moderately sorted

cobbles, sand, and boulders; lenses of pebbles, fine sand, silt, and clay
are locally present. Layering is typically indistinct, but locally dips gently
valleyward 10° or less. Boulders, cobbles, and pebbles are angular to
subround and are derived from local sources. Thickness ranges from 5
to 20 m. Examples are found in northeast section of study area near
Frailey Mountain. Similar but older sediments, deposited during retreat
of last ice sheet (Puget lobe of Vashon stade, Fraser glaciation), are
included in unit Qvrc

YOUNGER ALLUVIUM (HOLOCENE)—Includes moderate to well-sorted

Qoal

TALUS DEPOSITS

MARSH, BOG, OR SWAMP DEPOSITS

silt, clay, and fine sand with minor sand and pebble gravel; also includes
moderately sorted sand and gravel with local deposits of silt, clay, and
fine sand. Disseminated organic material is common; layers, lenses, and
pods occur locally in finer grained sediments. Also locally includes
interbeds, layers, and disseminated particles of volcaniclastic materials
derived from Cascade volcanoes, most notably eruptions of Glacier
Peak. Thickness varies considerably from place to place, ranging from
1 mto as much as 10 m. Layering is typically horizontal to subhorizontal,
with local cut-and-fill structures and channel crossbeds. Coarse-grained
facies commonly are found along streams and underlie modern flood
plains; stones are typically subround to round and are derived mostly
from the underlying surficial deposits. Finer grained facies are associated
with river-mouth estuarine settings (for example, Skagit River near
Conway and La Conner) where facies grade seaward to interbedded
estuarine and shallow-marine sediments

OLDER ALLUVIUM (HOLOCENE)—Deposits underlying terraces generally

5-15 m above modern flood plain; similar in composition and structure
to younger (flood-plain) alluvium (Qyal) but commonly more iron
stained. Locally includes deposits of colluvium along inner boundaries
with valley walls. Volcaniclastic materials from Glacier Peak and other
Cascade volcanoes locally comprise a distinctive minor constituent.
Thickness ranges from 2 m to as much as 10 m. Examples of this deposit
are found along the Skagit and Stillaguamish Rivers

DUNE DEPOSITS (HOLOCENE)—Moderately to well sorted, medium to

coarse, wind-deposited sand containing minor amounts of silt. Dunes
commonly form near beach level and along tops of bluffs where barren
slopes are exposed to strong onshore winds. Stratification may be absent
or may form broad, planar crossbeds; buried organic layers representing
former soil horizons are locally present. Exposed thickness ranges from
1 m to more than 5 m. Examples of mapped dune deposits are present
on San Juan Island near Cattle Point and on west shore of Whidbey
Island north of Point Partridge and south of West Point

BEACH DEPOSITS (HOLOCENE)—Moderately to well sorted sand and

gravel accumulations along shorelines; mapped only where present
above high tide. Individual particles are typically well rounded and locally
include wave-worn shell fragments. Beach deposits form spits along
protected shorelines and are widespread throughout coastal parts of
study area, especially on western Whidbey Island, southern San Juan
Island, and on northern and eastern Marrowstone Island

TIDAL-FLAT DEPOSITS (HOLOCENE)—Water-saturated, fine sand, silt,

and clay forming part of the upper surface of deltas found at mouths of
major rivers. Locally supports sparse vegetation dominated by eel grass.
Shown on map as extending from mean sea level to mean lower-low sea
level. Examples of tidal-flat deposits are found at the mouths of Skagit
and Stillaguamish Rivers

(HOLOCENE AND PLEISTOCENE)—Angular
boulders and smaller rock fragments derived as rockfall and small
rockslides from bedrock cliffs; commonly nonvegetated. Mapped
deposits are found primarily in mountainous parts of northeast section
of study area, especially between Haystack Mountain and Bald
Mountain

LANDSLIDE DEPOSITS (HOLOCENE AND PLEISTOCENE)—Locally

derived earth materials that have moved downslope by falling, sliding,
slumping, or flowing. In upland areas of moderate to high relief, deposits
are commonly compact, nonlayered, and consist of angular to subround
rock fragments in a matrix of finer grained, unconsolidated material. In
coastal areas, especially near steep sea cliffs, deposits are more
heterogeneous in composition and structure, reflecting sources in
complexly layered materials that form the coastal bluffs. Topographic
expression commonly is hummocky and includes closed depressions
and discontinuous low ridges with interrupted surface drainage; typically
occurs in close association with source-area scars upslope of deposit.
Examples of inland deposits are found in northeast part of study area;
examples of landslides associated with seacliffs occur on Whidbey Island
along southeast side of Admiralty Bay, on south side of Dugwalla Bay,
and on east side of Decatur Island. Symbol ( 4 ) indicates landslide
deposits too small to delineate at map scale.

(HOLOCENE AND
PLEISTOCENE)— Sand, silt, and clay mixed with partly decomposed
organic matter; deposited in freshwater or saltwater. Includes peat
deposits and locally contains interbedded tephra. Deposits are
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widespread throughout study area and are especially extensive inland
from the tidal-flat deposits near the mouth of the Skagit River. Only
deposits with an exposed area larger than 100 hectares are ntapped

DEPOSITS OF VASHON STADE OF FRASER GLACIATION OF

ARMSTRONGAND OTHERS (1965) (PLEISTOCENE)—Divided into:
RECESSIONAL-MARINE DEPOSITS—A complex assemblage of (1)

fossil-bearing stony silt, sand, and clay with associated layers, lenses, and
pods of other diamictons and (2) medium- to well-sorted, massive to
laminated sand, silt, and clay. Upper 1-2 m is commonly pale yellowish-
brown (10YR 7/3- 6/4) to dark grayish-brown (10YR 4/2); becomes gray
(2.5Y 5) and less distinctly layered with depth. Thickness typically ranges
from 1 to 10 m; exceptional thickness of approximately 15-18 m is found
immediately east of the alluvial bottomland near Milltown, north of
Stanwood in east-central part of study area, and in vicinity of Mt. Vernon.
In the Stanwood-Mt. Vernon area, on northern and central Whidbey
Island, and on San Juan and Lopez Islands, the unit includes
discontinuous deposits of iron-stained, moderate- to well-sorted, locally
fossiliferous sand and gravel that are interpreted as beach deposits
associated with a former time of high relative sea level. The finer grained,
more massive facies (2) typically has a well-developed vertically oriented
columnar structure. Locally overlies or is interlayered with poorly
sorted sand and gravel in which deformed bedding associated with ice-
contact collapse is common. Topographic benches interpreted as wave-
cut terraces are also associated with the silt-clay deposits and with the
inferred beach deposits. As mapped, includes the Everson Glaciomarine
Drift of Easterbrook (1968)

RECESSIONAL-CONTINENTAL DEPOSITS—Poorly to well-sorted,

locally iron-stained sand, gravel, and silt deposited predominantly by
meltwater from the receding Vashon-age ice sheet. Thickness commonly
ranges from 2 to 10 m, but unusual thicknesses of 20-50 m are found
as valley fills along major drainages. These deposits are associated with
three principal depositional environments, each containing sediments
with somewhat different characteristics:

Ice-contact deposits—Typically deposited in contact with masses of
stagnant glacier ice; original stratification commonly dips 10° or less with
local cut-and-fill structures; particle size and degree of sorting range
widely; locally contains lenses and pods of glacially derived sediment-
flow deposits, for example, flow till. Topographic expression commonly
is hummocky with closed depressions and irregular ridges caused by
collapse of the original sediment surface after melting of buried glacier
ice. Collapse structures such as steeply tilted, contorted, and faulted
layers are common. Examples of ice-contact deposits are preserved near
Point Partridge on central Whidbey Island; in southwest corner of study
area near Blyn; and in the vicinity of Lake Armstrong, north of Arlington.

Outwash deposits—Deposited downvalley from the zone of stagnant
glacier ice. Sediments are hoziontally stratified to gently dipping (5°-10°)
with channel crossbeds and cut-and-fill structures. Deposits are typically
composed of medium- to well-sorted, pebble-cobble gravel and coarse
to medium sand with local lenses of fine sand and silt. Topographic
expression of outwash deposits, where not modified by erosion, is
typically a relatively smooth surface with a gentle (3-5 m/km) downvalley
gradient. Smith Prairie southeast of Penn Cove on central Whidbey
Island and the surface on which Arlington Heights is located are
examples of a plain underlain by recessional outwash deposits.

Alluvial fan deposits—Poorly to moderately well sorted, pebble-
cobble gravel with boulders and lenses of finer materials deposited by
swift-flowing streams coming from upland areas. Boulders, cobbles, and
pebbles are angular to subround and are commonly derived from local
sources. Some fans, built into lakes or marine waters, have large-scale
deltaic foreset beds. Fan surfaces slope valleyward at angles less than
15°, but individual layers may dip as steeply as 30°. Deposits range in
thickness from 20 to 40 m and interfinger with and overlie the
horizontally layered outwash deposits. A well-preserved example of a
recessional alluvial fan deposit is found at the mouth of Gilligan Creek,
south of the Skagit River, southeast of Sedro-Woolley

TILL—Poorly sorted mixture of rock fragments deposited directly by the

Vashon-age ice sheet. Finer components include silt, sand, and clay in
variable proportions, constituting a coherent to friable, moderately to
highly compact matrix in which the coarser components (pebbles,
cobbles, and boulders) are firmly embedded. The deposit is typically
nonstratified, but subhorizontal layering and fissile structure are locally
well developed; may contain lenses and pods of stratified sand, silt, and
gravel. Thickness varies considerably, but typically ranges from a few
meters to as much as 40 m and probably averages between 3 and 15
m. In fresh exposures at depths greater than 1-2 m, the till matrix is light
olive gray (5Y 6/2) to gray (2.5Y 6); clay-rich till tends to have bluish-gray
aspect, and weathering of the uppermost few meters typically has
produced a matrix color of olive (5Y 5/3) to buff (2.5Y 6/4). Till stones
are commonly subangular to subround. In addition to rock types derived
from local bedrock such as greenstone, phyllite, schist, and gneiss, stone
lithologies also commonly include granitic rock types derived from
southern British Columbia, indicating glacier transport from considerably
north of study area. Examples of the (Vashon) till are exposed along
Interstate Highway 5 immediately north of the Stillaguamish River and
north of the Pilchuck Creek crossing. Other good exposures of the
(Vashon) till are located along seacliffs; for example, on Whidbey and
Camano Islands, southwest of Lake Hancock and on the east side of
Elger Bay; at Kinney Point on Marrowstone Island; and near Point
Wilson, north of Port Townsend

MISCELLANEOUS INVESTIGATIONS SERIES
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ADVANCE OUTWASH DEPOSITS—Sand, gravel, silt, and clay
deposited by meltwater flowing from advancing ice margin of the Puget
lobe of Vashon age (Fraser glaciation); may also include the Esperance
Sand (Newcomb, 1952; Mullineaux and others, 1965), Lawton Clay
(Mullineaux and others, 1965), and Pilchuck Clay Members (Newcomb,
1952; Mullineaux and others, 1965) of the Vashon Dirift. Texture and
structure vary considerably from place to place; generally composed of
moderate- to well-sorted, distinctly stratified, light- gray to tan (10YR 7/1-
7/4), medium to coarse sand and pebbly sand containing minor amounts
of fine sandy silt, and scattered lenses and layers of pebble-cobble gravel.
Stratification generally dips southeast to southwest although cross-
stratification and cut-and-fill structures are common. Where the entire
thickness of the unit is preserved, flat-lying fine sand, silt, and clay,
ranging from nonlayered to thinly laminated, predominate in the lower
part. The deposit locally becomes coarser upward and consists of
moderately tc poorly sorted, coarse to medium sand and gravel near the
top. Thickness ranges from 1 to more than 60 m, averaging 10-20 m.
Good examples of the (Vashon) advance outwash deposits are
preserved on south and west parts of Camano Island, in seacliff exposure
on north and east sides of Marrowstone Island, and in stream banks north
and south of Stillaguamish River

MELTWATER DEPOSITS, UNDIVIDED—Unit consists of (Vashon)
advance outwash and (or) recessional deposits. Unit shown where field
criteria for differentiating between these two deposit types are unclear

GLACIAL DEPOSITS, UNDIVIDED—Unit consists of (Vashon) till and
(Vashon) advance outwash and (or) recessional deposits. Unit shown
where steep topography prevents more detailed delineation of individual
units at map scale, or where field criteria for more detailed differentiation
are lacking

TRANSITIONAL BEDS (PLEISTOCENE)—Early Vashon-age advance
outwash deposits and late pre-Vashon, nonglacial deposits, undivided—
Unit consists of the fine-grained (silt, sand, clay) basal part of early
Vashon advance outwash deposits, such as the Lawton Clay Member
(Mullineaux and others, 1965) and Pilchuck Clay Member (Newcomb,
1952; Mullineaux and others, 1965), and (or) older pre-Fraser
nonglacial deposits, such as the Kitsap Formation (Sceva, 1957,
Molenaar, 1965; Easterbrook, 1968) and the nonglacial sediments of the
Olympia interglaciation (Mullineaux and others, 1965; Armstrong and
others, 1965). Unit shown where field criteria for differentiating between
these deposits are lacking, or where steep slopes preclude more detailed
delineation at map scale

GLACIAL AND NONGLACIAL SEDIMENTARY DEPOSITS OF FRASER
GLACIATION, UNDIVIDED (PLEISTOCENE)—Unit consists variously
of any glacial, glacial marine, or marine sediments deposited during the
Fraser glaciation in places where present-day steep slopes preclude more
detailed delineation at map scale

GLACIAL AND NONGLACIAL SEDIMENTARY DEPOSITS OF PRE-
FRASER GLACIATION AGE (PLEISTOCENE)—Glacial and
nonglacial sediments older than deposits of the latest glaciation (Fraser):
Double Bluff Drift (Easterbrook and others, 1967; Easterbrook, 1968);
Possession Drift (Easterbrook and others, 1967; Hansen and
Easterbrook, 1974; Fulton and others, 1976); and deposits included in
unit Qpfn. Unit shown where field data are insufficient for more precise
differentiation or where steep slopes preclude more detailed delineation
atmap scale

NONGLACIAL SEDIMENTARY DEPOSITS OF PRE-FRASER GLACI-
ATION AGE (PLEISTOCENE)—Fine-grained deposits of inter-
bedded sand, silt, clay, and peat with minor lenses and thin layers
of coarse sand and gravel. Layers of silt, clay, and silty sand are light gray
(10YR 7/1) to gray (10YR 5/1) and contain layers of dark-brownish-gray
(10YR 4/2) to black (10YR 2/1) peat and woody fragments as much as
1 m thick. Stratification ranges from indistinct to thin bedded and locally
is highly deformed. Sand and silty layers are light gray (10YR 7/1) to buff
(10YR 7/4) and locally contain highly deformed, finer grained (silt and
clay) layers. Well-sorted, iron-stained, locally iron-cemented gravel is
found as minor channel deposits cut into finer grained sediments that are
interpreted as predominantly flood-plain deposits of slow-flowing
meandering streams flanked by shallow lakes and swamps. Deposits
commonly form resistant near-vertical cliffs; maximum thickenss is
approximately 80 m. Examples of this unit are well exposed in
streambanks south of Stillaguamish River, southeast of Stanwood, and
south of the Skagit River, southeast of Sedro-Woolley. As mapped, unit
may also variously include nonglacial sediments of the Olympia
interglaciation (Mullineaux and others, 1965), the Kitsap Formation
(Sceva, 1957; Molenaar, 1965; Easterbrook, 1968), and the Whidbey
Formation (Easterbrook and others, 1967)

GLACIAL AND NONGLACIAL SEDIMENTARY DEPOSITS, UNDIVIDED
(PLEISTOCENE)—GiIacial and nonglacial sediments deposited during
the Pleistocene Epoch. Unit shown where field data are insufficient for
more precise differentiation or where steep slopes preclude more
detailed delineation at map scale

BEDROCK (QUATERNARY TO DEVONIAN)—Abundant bedrock
exposure mantled with only thin (0-3 m) surficial deposits
GENERALIZED DISTRIBUTION OF TEXTURES IN AREAS OF

STRATIFIED SEDIMENTS—Overprint patterns indicate predominate
texture of sediment exposed at surface

Sand and gravel

Sand

Silt and clay

LOCATION OF SELECTED WELL LOGS—Logs numbered
consecutively within the county where found. Letters indicate county
name: SJ, San Juan; SK, Skagit; I, Island; SN, Snohomish; C, Clallam;
dJ, Jefferson

SN-2

- Exposure
SN Well
S'i'A LOCATION OF SELECTED RADIOCARBON-DATED SAMPLE—Letters

indicate county where found: SJ, San Juan; SK, Skagit; I, Island; SN,
Snohomish; C, Clallam; J, Jefferson. Where two or more samples are
from the same county, samples are indentified alphabetically. See table
2 in accompanying pamphlet

A LANDSLIDE DEPOSIT—Too small to show at map scale

LITHOLOGIC LOGS OF SELECTED WELLS, EXPOSURES, AND TEST HOLES

Island and Clallam Counties
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