INTRODUCTION

A dominant physical feature of the Puget Sound region is the
complex svsiem of marine channels. bays. and inlets. These ‘waterways
Lave provided a growing population with transportation. fish and wildlife
resources. recreation. and natural beauty. The Puget Sound region is
presently developing at a rapid pace. and with this growth there has been
greater focus on the resources and environmental aspects of these marine
waters. =

As an addition 10 the many maps that show surface extent and
shorelines of the marine waters. this map depicts the third dimgnsion of
the water arcas of the Port Townsend quadrangle through contour
mapping of the bottom configuration. It is intended as a basic reference
for use in scientific studies and resource planning. It will aid in
interpreting regional geology. understanding marine circulation. and
planning offshore development and future routes for submarine utility
Crossings.

Compilation of this map is part of an ongoing effort by the U.S.
Geological Survey to provide earth-science and related information for
such purposes as land-use planning. resource development. and
environmemal protection in the Puget Sound region. This map is one in a
folio of map reports providing such information for the Port Townsend
quadrangle.

DATA SOURCES AND COMPILATION METHOD

The principal data sources for the submarine contours are
hydrographic surveys of NOS (National Ocean Survey. formerly U.S.
Coast and Geodetic survey). Figure 1 1s an index map that shows the
hyvdrographic survevs used in this compilation. A more detailed map of
the Port Townsend gquadrangle bathymetry is presently being compiled by
NOS 10 be 1ssued at some furure date.

The submarine contours east of long 122°39° W_ were compiled
from copies of NOS hydrographic surveys received from NOAA (Nauonal
Oceanic and Atmospheric Administration) archives in Rockville.
Maryland. The 10-meter-interval contours were generated and drafied at
the original scale of the survey sheets (generally 1:10.000). then
photographically reduced 10 1:100.000 scale and transferred by optical
projection to the Port Townsend quadrangle base map. For the map area
west of longitude 122°39° W, 10-meter submarine contours had previously
been compiled from NOS survey sheets by the Canadian Department of
the Environment for the publication of Natural Resourge Map 15783-A.
one in a series of bathymetric maps covering Canada’s coustal and
offshore waters. A siable-base copy of that map was made available by the
Canadian ageney and was photographically enlarged from the publication
Seale of 1:250.000 1o the 1:100.000 scale of this map.

The Mecan LowerMVaier (ML LW) line. the tidal and sounding
datum and the hine defining the offshore extent of the intertidal zone. was
opticaliy transferred from the hydrographic surveys and scale-stable copies
of the following NOS nautical charts at 1.80.000 scale: 18421 (26th ed..
1977). 18441 (261h ed.. 1978). and 18465 (20th ed.. 1978). The MLLW line
across the tidal flats of the Stillaguamish delta was suppiemented with
data from U.S Geological Survey 1:24.000-scale 1opographic maps
(Juniper Beach and Sianwood 1958, both photo-revised in 1968 and 1973).

SUBMARINE FEATURES AND BOTTOM
CONFIGURATION

Formation of the Submarine Troughs

The submarine topography of the Puget Sound region is the result
of geologics! processes that have occurred over the past several million
vears. During this tirhe sedimentation. erosion. glacial modification and.
possibly. tectonic deformation have combined to shape the present-day
submarine troughs. banks. and sills.

Theories of the formation of the original troughs of the Strait of
Juan de Fuca and the Puget Sound system are debated. One widely
accepted hypothesis involves an initial phase of valley formation by rivers
and smaller sireams eroding a broad plain which was the ancestral Puget
lowland: subsequently. the valleyvs draining the lowland north and west to
the Pacific Ocean directed and concentrated ice flow and. during
successive advances and recessions of the ice. the troughs offPuget Sound
region were deepened and modified by glacial erosion and deposition.

An ice mass of the Fraser glaciation. the most recent period of
glaciation in the area. produced the glacial features which today dominate
the region’s landscape and submarine topography. Based on radiocarbon
dating. the so~alled Puget Lobe of ice advanced into the Port Townsend
vicinity about 15.000 years ago (Thorson. 1979, p. 8.9). At its maximum
extent. the ice mass over the Port Townsend quadrangle area was more
than 1.200 meters thick (Thorson. 1979. p. 19). The effects of localized
glacial processes are recorded in the bottom features. For example. closed
depressions in southern Saratoga Pasage. south of Lowell Point and near
Sandy Point. probably were formed by deep glacial scour. The U-shaped
cross-sectional form of Port Susan and Saraioga Passage is typical of
glacially eroded valleys (fig. 2).
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FIGURE 2.-- Cross section of the Port Susan trough

between Tyee Beach and Sunny Shores.
The U -shaped cross sectional form
reflects the glacial history of the
submarine topography

By approximately 13.000 years ago. the southern Puget lowland was
free of ice and the ice margin had receded to the vicinity of Port
Townsend (Thorson. 1979, p. 39). Thereafter. the ice continued to melt
and recede northward through the remginder of the map area. Although
the recession of the ice was probably rapid. pauses or still-stands of the
glacier margins may have occurred. These still-stands are suggested by the
presence of submerged banks which may be remnants of recessional
deposits along the submarine ice margin in the eastern Strait of Juan de
Fuca. These feature include Partridge. Eastern. Salmon. and McArthur
Banks and Lawson Reef. The origin of these banks remains uncertain. but
samples dredged from them contained numerous faceted and striated
cobbles typical of glacial deposits (Anderson. 1968). Such evidence
suggests a glacial origin for these submarine features. At a time of lower
relative sea level (Thorson. 1979, p. 85), the plateau like tops of the
submerged banks may have resulted from wave erosion.
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Modifications Since Glacial Recession

Since glacial time. coastal and fluvial erosion have produced
sediment that has been deposited in the troughs of the strait of Juan de
Fuca and Puget Sound The major rivers of the region have made the
largest contribution 1o the filling of the original glacial troughs. In the
map are. the Skagit. Stillaguamish. and Snohomish Rivers have
transported sand. silt. and clay that now fill former shallow arms of the  _
marine sysiem; continuing deposition has built deltas into the deeper
marine channels. -,

The Skagit delta is the largest in the Puget Sound region. Tidal flats
in Padills Bay and ad)oining embaps ments north of the map area are the
ancestral Skagit delta platform. These areas were filied before the river
outlet migrated 1o its present position in Skagit Bay. The supply of river-
bourne alluvium from the Skagit River is abundant. and Skagit Bay
possibly would have been filled or reduced 10 an exiensive tidal flat but
for the ndal currents in the cmbayament that remove the supplied
sediment and maintain a longitudinal channel. This narrow. moderately
deep (10-40m) channel between the delta front and Whidbey Island is
maintained by strong. twice-daily flood and ebb tidal currents. According
to Collias and others (1974, p.3). udalcurrent gyres and jet action scour
the depressions north and southeast of Hope lsland.

The Stillaguamish deha is not significantly influenced by tidal
currents. but the outer delta platform is subject 10 strong wave energy due
10 the orientation of Port Susan with respect 1o prevailing southeasterly
winds.
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Figure 1.--Index of National Ocean Survey hydrographic survey sheets used in
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The Snohomish delta is noteworthy in having dela-front slapes
averaging about 20 percent. one of the sieepest delta-fronts in the Puget

Sound region (Bortleson and Chr;actowski.m?ﬁm). This
steep front is probably mainained by the strong udal currents that

parallel the delha front and are constricted by the submarine ridge
southeast of Gedney Island.

Othgr continuing modification of the original iroughs includes
sediment input from coastal erosion. The erosion of bluffs surrounding the
marine waters i1s supplyving the basins with fine-grained sediment. The
coarser materials are reworked and transporied longshore. occasionally
filling offshore arcas and building spits such as the one at the entrance of
Kilisut Harbor and the one extending into Tulahp Bay. Prominent
artificial modifications of the marine areas include various dredge-and-fill
projects. such as the Port Townsend canal linking Port Townsend and
Oak Bay. the channels providing navigation access 1o each end of the Swino-
mish Channel. and the por facilities in Port Gardner at Everett.

The submarine areas will continue to be modified by river-borne
alluvium. as well as by coastal and marine processes. and they may be
significantly aliered by man’s activities.

s

Submarine Sediments

The sediments that blanket the submarine surface in the Port
Townsend quadrangle are shown in figure 3. Following recession of the
Puget Lobe. the troughs of the Strait of Juan de Fuca and PugetSound
were mantled with proglacial deposits. glacial outwash. and (or) glacial
till. Subsequent blanketing with river-borne alluvium and sediments from
coastal erosion has occurred where supply and current conditions allow
deposition. Nearly all the Whidbey Basin (the entire marine area east of
Whidbey Island) is blanketed with sand and finer sediment derived from
river transport and coastal erosion. West of Whidbey Island. various
embayments are blanketed with fine sediments. and a plume of fine
bottom sediment extends from the west end of Deception Pass. The plume
orientation suggests transport and deposition of Skagit River sediment
through Deception Pass by tidal currents during ebb tide. However. most
of the submarine surface west of Whidbey Island is covered by sand.
gravel. rock and hard bottom. or some mixture of these. Fine sediments
are scarce due 1o tidal current reworking or the absence of major river
supply. In these arcas the coarse-sediment cover probably is a remnant of -
glacial proctsses.

Submarine environments of erosion or nondeposition are common
in the map area where waves, tidal currents. and gravity cause erosion. or
prevent accumulation. of sediments. Examples of such nondepositional
emvironments include Admiralty Iniet. Deception Pass. San Juan Channel.
and the steep siopes of other marine troughs. The moderately steep
submarine slopes are environments of temporary deposition when supply
exceeds transport energy or currents become weaker (Wang. 1955, p. 45).

USE OF THE MAP

Further Scientific Studies

Some geologic structures and processes in the map ared’are reficciec
in the configuration of the land surface and the sca ~ovonr Because this
map thows both the submarnine and terrestrial topegiaphy 12 wil” aid
geoiogists in extending the knowledge gained fron 10l g mapping on
the iand into the marine areas. For this purpose. the mep n.ay be vsed in
interprening the origin of irregularities in the sea Moo and in seiecung
locations for bottom sampling and traverses for marne geophy sicl
expioration Possible applications of the map 10 marine-resource and
oceanographic studies include the delineation of water-depth sones
favored by varous marine species and the portrayal of deep-water
circulation patterns. For example. the banks at the casiern end of the
Strait of Juan de Fuca have long been commercial fishing sites. and the
broad sill across the entrance of admiralty Iniet and the sili near
Deception Pass regulate the deep-water circulation in the entire Puget
Sound system (Barnes and Ebbesmever, 1978. p. 218).

Coastal-Z one Planning

The map provides guidance for general planning for the coastal
zone. including the intertidal areas. The shoreline corresponds to the
approximate Mean High Water (MHW) line. and the zonc beiween the
shoreline and the tidal datum (MLLW) constitutes the interudal zone.
Where this zone 1« wider than approximately 45 m it 1« shown by a
suppicd pattern. The most prominent intertidal zones of this map arca are
the tide flats of the Skagit. Stillaguamish. and Snohomishk River dehas.
These three delias have approaimate intertidal areas totaling 83 square
kilometers (km?).. The 55 km? 1idal flat of the Skagit River delta remains
the largest continuous intertidal zone in the entire Puget sound region
(Bortslson and others. 1979).

Flat iands along the manne shoreiines of the region are not
extensive. and delta tidal flate have histornically been atiracuve sites for
landfill and consiruction of commercial ané port faeilities. In future
planninz. howcever. the value of these delta flats as a fragile. nonrencwable
rescurce probably will recenve greater recogmtion Tnese zones are a
habiat of vital importance 10 a diversity of fish. shellfish. and wildlife.
Moreover. ndal flats are natural bufiers gainst open-water wave energy
and provide shore protection 1o fragile <ali marshes.

Soeme of the intertigal areas may be poorly suiied physically for
most deveiopmeni. Experience elsewhere has demonsirated that. during
carthguakes. pooriy compacted dehaic sedimenis are susceptibie to
huuefaction. subsidence. and fsilure to provide siruciural support (Fcokel.
1970i. Further study 1¢ needed 1o 2sses the seismic stabiliny of the
imeriida’ lands.

Energy and Utility Facilities

The map arca includes submarine parts of several routes that have
been considered for pipelines to transport crude oil into or through the
Puget Sound region. Other submarine utility crossings may be planned in
the future. Knowledge of the submarine features provided by this map
may assist in avoiding exceptionally steep slopes. anticipating sediment
conditions. and choosing most feasible routes. The map also shows several
least-depth crossings of the deep troughs. for example. the broad sill
across Admiralty Inlet. form McCurdy Point to Point Partridge. provides
a least-depth crossing from the Quimper Peninsula to Whidbey Island. A
smaller sill exists across the north end of Holmes Harbor on Whidbev
Island. The most pronounced feature providing a least-depth crmsiné 1S
the submarine ridge between Camano Island and Gedney Island. This
ridge demonstrates that Gedney is practically a continuation of Camano,
separated only by this submerged section.
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CONVERSION FACTORS FOR INTERNATIONAL SYSTEM
UNITS (SI) TO U.S. CUSTOMARY UNITS

-

. .
[ For use of those readers who may prefer to use VLS. customary units, sather
than metric units, the comversion factors for the terms used in this report

are listed below:]

Muluply by

To convert from lo

Length

. . &
meter (m) feet (ft) i ;z«:'
fathom (fm) meter (m) ()'02)14
kilometer (km) mile (mi) iy

Area
0.3861

kilometer? (km?) mile? (mi?)




