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attack and no longer supply sediment to the drift cell. Sediment is
transported to the south off a wave-cut platform cut across glacial
till by predominant waves which approach from the north. Net shore-
drift to the south is indicated by a fining of sediment from pebbles
to sand, an increase in beach slope and width, and accumulation of
sediment on the north side of groins. Net shore-drift terminates at

a prograded beach along the east shore of Boston Harbor.

Drift Cell 46

Beginning at a divergent zone about 400 m west of Dover Point,
net shore-drift is directed to the northeast by prevailing
southwesterly waves. From a wave-cut platform cut across glacial
till, sediment is directed to the northeast as shown by sediment
fining, beach width and slope increases, and accumulations of
sediment on the west sides of groins. Waves approaching from the
north begin to predominate at Dover Point and direct sediment to the
south of f a wave-cut platform cut across glacial till into Zangle
Cove. This is a good example of a reversal in net shore-drift
direction around a headland. A southerly drift direction is
evidenced by sediment fining, beach width increases, and a reduction
in bluff slope into Zangle Cove. Sediment transport terminates along

a spit developed to the south into Zangle Cove.

Drift Cell 47
This drift cell begins along an ill-defined zone of divergence

about 400 m northeast of Zangle Cove. Net shore-drift to the
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southwest is directed by predominant waves from the northeast as
indicated by sediment fining and beach widening to the southwest and
by accumulations of sediment on the northeast side of drift
obstructions. A spit developed to the south along the east side of

Zangle Cove is the terminus area.

Drift Cell 48

Drift cell 48 originates along a zone of drift divergence
located approximately 400 m northeast of Zangle Cove. Sediment is
directed to the northeast off a wave-straightened beach composed of
fine sand, silt, and clay by predominant waves that approach across a
fetch to the west and southwest, Net shore-drift to the northeast is
evidenced by a decrease in sediment size from pebbles to sand,
increases in the width and slope of the high tide beach, and changes
in the bluff morphology from near-vertical, partially vegetated
bluffs at the origin area to rounded, well vegetated bluffs along the
terminus area. Additional indicators of a northeasterly drift
direction are accumulations of sediment on the south sides of drift
obstructions, with maximum vertical offsets of 0.7 m; spit
development and stream diversions to the northeast; and sediment
prograded on the southwest side of the ebb tide delta at Little
Fishtrap (Fig. 19a).

The pre-development coastline of Little Fishtrap (Fig. 19b) had
a spit, approximately 110 m in length, developed to the north from
the south end of the cove (U.S.C.&G.S., 1876). This suggests the

spit-like feature is a relatively recent coastal modification and is
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not the result of shore drift processes. This historical coastline
information reinforces the geomorphic field evidence of northeasterly
net shore-drift along Dana Passage.

A complex spit is developed along the south entrance of Big
Fishtrap (Fig. 20). Net shore-drift continues past the complex spit
and terminates at a 150 m long spit developed to the south along the

southwest shore of Big Fishtrap.

Drift Cell 49

This drift cell originates in a zone of divergence about 200 m
north of Big Fishtrap (Fig. 20). Bluffs at the origin are near-
vertical and devegetated. Net shore-drift is directed to the south
off a wave-cut platform cut across glacial outwash by predominant
west-southwesterly waves as evidenced by a decrease in sediment size
from pebbles to sand, increases in the slope and width of the high
tide beach, and a reduction in bluff slope. Net shore-drift

terminates along a 60 m long spit developed to the south from the

east side of Big Fishtrap.

Drift Cell 50
Beginning in a zone of divergent drift approximately 200 m north
of Big Fishtrap, sediment is directed to the northeast off a wave-cut
platform cut across glacial outwash by prevailing southwesterly waves
as evidenced by sediment accumulated on the south and west sides of
groins, bulkheads, and drift logs, with maximum vertical displacement

of 0.4 m; sediment fining from pebbles to sand and silt; increases in
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beach slope and width; and a decrease in bluff slope.

~Dickenson Point is an eroding headland fronted by a wave-cut
platform cut across till that is aligned perpendicular to, and
maintained by, waves that approach across a northerly fetch (Fig.
21). Sediment is directed to the southeast as evidenced by sediment
fining, increases in beach width, and a reduction in bluff slope. In
addition, oblique bars developed on the low tide terrace trend south
into a cove southeast of Dickenson Point. Net shore-drift terminates
along a 20 m long spit developed to the southeast. Drift cell 50 is

an example of a drift cell reversal around a headland.

Drift Cell 51

Sediment is transported to the southwest, off a broad wave-cut
platform cut across till, to a terminus on the east side of a cove
southeast of Dickenson Point. Directed by predominant northeasterly
waves, net shore-drift to the southwest is evidenced by beach
widening, sediment fining, bluff slope reduction, and increasing
beach slope to the southwest. Several groins have sediment
accumulated on the north sides, with maximum vertical offsets of
0.1 m. Sediment transport terminates at a small spit which diverts a

small stream to the southwest.

Drift Cell 52
From a zone of divergent drift, sediment is transported to the
south off a wave-cut platform cut across till by predominant waves

which approach across a principal fetch to the northeast. This drift
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direction is indicated by repeated patterns of sediment fining, beach
widening, and bluff slope reduction to the south, in addition to
sediment prograded on the north sides of groins and bulkheads. Net
shore-drift terminates at a cuspate spit called C1iff Point (Figq.

22b).

Cliff Point

Cl1iff Point is a cuspate spit located along the west shore of
Henderson Inlet about 1.8 km north of Chapman Bay (Fig. 22a). Cliff
Point, like Shell Point (see description of Shell Point), is a wave-
modified remnant of an eroding ridge; however, shore drift processes
do contribute to the formation of Cliff Point.

The presence of green algae and seaweed on the high tide beach
surrounding C1iff Point (Fig. 22b) indicates a low wave energy
environment with 1imited shore drift. If the area had a high wave
energy environment, the seaweed would be pulverized by wave action
and covered with sediment., Sufficient geomorphic indicators exist to
demonstrate net shore-drift from the north (see drift cell 52
description), and net shore-drift from the south (see drift cell 53
description) delivers a limited supply of sediment to Cliff Point.

The topographic map (U.S.G.S., 1959b) of the area shows an
east/west-trending ridge due west of, and parallel to, the axis of
Cliff Point. This ridge may have extended into Henderson Inlet.
Wave attack from the north and south may have reduced the size of the
ridge to its present form and elevation, and modified the remaining

lag beach sediment into a cuspate spit. The formation and position
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is evidenced by increases in beach slope and width and by the
development of a spit 60 m in length to the south across the mouth of

a small embayment. The spit diverts a stream to the south. Net

shore-drift terminates at the distal end of the spit.

A spit 8 m in length is developed to the north along the
landward side of, and attached to, the larger 60 m spit (Fig. 24).

Prevailing southwesterly waves predominate on the landward side of

the larger spit.

Drift Cell 62

Drift cell 62 originates along a broad, ill-defined zone of

divergent net shore-drift. Sediment is transported to the north by

predominant waves which approach across a fetch to the southwest.
Net shore-drift to the north is indicated by repeated patterns of

sediment fining, increases in the width and slope of the high tide

beach, and changes in bluff morphology to the north. Approximately

200 m north of the divergent zone, two beach pads have developed,
oriented toward the north (Fig. 5b). Numerous beach logs and groins

have sediment accumulated on their south sides. Net shore-drift

terminates along a sandy prograded beach at Johnson Point.

Drift Cell 63
Predominant southeasterly waves approaching across the Nisqually

Reach direct sediment to the north off a wave-cut platform cut across

glacial outwash. Net shore-drift to the north is evidenced by a

decrease in sediment size from pebbles at the origin to sand at the
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terminus; increases in the width and slope of the high tide beach;
and a change in bluff morphology from steep, devegetated bluffs at
the origin to rounded, vegetated bluffs at Johnson Point. Additional
indicators of a northerly drift direction are sediment accumulated on
the south sides of beach logs, bulkheads and landslide debris, with
maximum vertical offsets of 0.3 m, and a 15 m long spit developed to
the north partially across the mouth of Poncin Cove. Net shore-drift

terminates along a sandy prograded beach at Johnson Point.

Drift Cell 64

Drift Cell 64 originates along a zone of divergent drift located
about 300 m north of Baird Cove. Sediment is transported to the
south off a wave-cut platform cut across glacial outwash by
predominant northerly waves. Net shore-drift to the south is
evidenced by sediment fining from pebbles to sand and widening of the
high tide beach to the south, and by sediment accumulated on the
north side of a bulkhead attached to a small-boat marine facility.
The marina is located along the west entrance of Baird Cove. The
present terminus of drift cell 64 is at a prograded beach north of
the marina. The terminus area before the construction of the marina
was along a spit developed to the south on the west side of Baird
Cove. The distal end of the relict spit is still visible south of
the marina parking lot.

Net shore-drift to the south in drift cell 64 is reversed to the
net shore-drift trend along northern Nisqually Reach. Waves from

the north predominant and direct sediment to the south, because a
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headland southeast of Baird Cove creates a wave shadow to waves

approaching from the southeast.

Drift Cell 65

Originating along a divergent zone north of Mill Bight, sediment
is transported off a wave-cut platform cut across glacial outwash by
predominant waves that approach across a fetch to the southeast. Net
shore-drift to the north is indicated by repeated patterns of
sediment fining, beach widening, and bluff slope reduction to the
north. Spit development across cove entrances diverts small streams
to the north. Oblique bars and a transverse bar have developed about
700 m north of Mill Bight (Fig. 25), and a bulkhead located about
200 m north of the terminus area has sediment accumulated on its
north side.

Net shore-drift is directed to the southwest into Baird Cove by
waves that approach across a fetch to the north. Northerly waves
predominate because the orientation of Baird Cove shields the east
side of the cove from southeasterly waves. Counter-clockwise
refraction of southeasterly waves into Baird Cove may also contribute
to the reversal of net shore-drift direction indrift cell 65. Net
shore-drift terminates along a spit 150 m in length developed to the

southwest along the east side of Baird Cove.

Drift Cell 66
Drift cell 66 is a short reversal to the northward trend of net

shore-drift in this area. Originating north of Mill Bight, sediment
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is directed to the south off a wave-cut platform cut across glacial
outwash by predominant waves that approach across a principal fetch
to the northeast. Net shore-drift to the south is indicated by a
decrease in sediment size from cobbles to sand, an increase in the
width of the high tide beach, and a change in bluff morphology from
near-vertical, devegetated bluffs along the zone of divergence to
rounded, vegetated bluffs at the terminus area. Net shore-drift
terminates along a 140 m lTong spit that has developed to the south

along the west side of Mill Bight (Fig. 25).

Drift Cell 67

Drift cell 67 begins in a zone of divergence approximately
1.2 km south of Mill Bight and travels north and west to the terminus
area on the north side of Mill Bight. The headland at the divergent
zone is actively eroding as evidenced by numerous landslides in the
area. Net shore-drift is directed to the north off a wave-cut
platform covered with pebbles and cobbles by southerly predominant
waves as evidenced by repeated patterns of decreases in the mean
sediment size from cobbles to sand, increases in the width of the
high tide beach, and a decrease in the slope of the bluffs to the
north. North of the divergent zone a 75 m long spit diverts a stream
to the north. Accumulation of sediment on the southeast sides of
several boatramps and groins, with maximum vertical offsets of 0.3 m,
indicate a northerly drift direction.

Net shore-drift is directed west into Mill Bight by waves that

approach across a fetch to the north and to the northeast. Northerly
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waves predominate because the orientation of Mill Bight shields the
east side of the cove from southeasterly waves. Counter-clockwise
refraction of southeasterly waves into Mill Bight may also contribute
to the reversal of net shore-drift direction of this drift cell. Net
shore-drift terminates at a 75 m long spit developed to the west from

the southeast side of Mill Bight (Fig. 25).

Drift Cell 68

This drift cell originates along a zone of divergent drift about
1.6 km north of Dogfish Bight. Sediment is directed to the south off
a wave-cut platform cut across glacial sediments by predominant waves
that approach across fetches to the north. Net shore-drift to the
south is indicated by a decrease in sediment size from cobbles to
sand, an increase in beach width, and a decrease in bluff slope from
near-vertical, devegetated bluffs to rounded, vegetated bluffs.
Additional evidence of a southerly drift direction is shown by
accumulation of sediment on the north side of a groin and a drain
culvert, with maximum vertical offsets of 0.8 m. Net shore-drift

terminates along a prograded sandy beach in Dogfish Bight.

Drift Cell 69
From a divergent zone at Sand Point, net shore-drift is
directed to the north and west by predominant southeasterly waves.
Sand Point is actively eroding as evidenced by steep bluffs composed
of glacial sediments fronted by a wave-cut platform covered with

pebbles and cobbles. A decrease in the sediment size from cobbles to



102

sand, increases in beach width, and a decrease in bluff slope into
Dogfish Bight indicate a net shore-drift direction. Net shore-drift

terminates along a prograded sand beach in Dogfish Bight.

Drift Cell 70

Beginning at a zone of divergence at Sand Point, net shore-
drift is directed south off a wave-cut platform cut across glacial
sediments by predominant waves that approach across a fetch to
the northeast. This drift direction is evidenced by sediment fining
from cobbles and pebbles to sand, increases in beach width, a
decrease in bluff slope, and sediment accumulated on the north sides
of groins. Net shore-drift terminates along a spit composed of sand

developed toward the south from the west side of Big Slough,

Drift Cell 71

This drift cell originates along a zone of divergence north of
Butterball Cove. Sediment is directed to the west off a wave-cut
platform cut across glacial till by predominant waves that approach
across a fetch to the east-southeast. Net shore-drift to the west is
indicated by sediment fining from cobbles to sand; increased beach
width and slope; and a change in bluff morphology from steep,
actively landsliding bluffs at the origin area to rounded, vegetated
bluffs in Big Slough. Additional evidence of a westerly net shore-
drift direction is shown by the accumulation of sediment on the east
sides of drift obstructions, with maximum vertical offsets of 0.2 m.

Net shore-drift terminates along a 150 m long spit developed to the
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west in Big Slough. This spit diverts a small stream to the west.
The spit and lagoon in Big Slough are within the boundaries of
Tolmie State Park. The spit in Big Slough has been armored with
large pebbles and small cobble-size sediment by the Washington State
Park system in order to reduce erosion brought about by increased

recreation,

Drift Cell 72

Originating from a zone of divergent drift north of Butterball
Cove, sediment is directed to the southeast off a wave-cut platform
cut across glacial till by predominant waves that approach across a
northerly fetch. Evidence for the transport of sediment to the
southeast is shown by repeated patterns of sediment fining, beach
width and slope increases, and bluff slope reduction. The bluffs at
the origin were near vertical, devegetated, and composed of glacial
till and outwash. Net shore-drift to the southeast is evidenced by
accumulations of sediment on the northwest sides of beach logs and
groins, with maximum vertical offsets of 0.2 m; the development of a
22 m long spit across the mouth of Butterball Cove; and numerous
stream diversions across the low tide terrace along DeWolf Bight,
Sediment transport terminates along a 60 m long spit developed to the
south,

The construction of a small-boat marina about 800 m south of
Butterball Cove has modified the outlet of a small stream so that the
stream now discharges into Puget Sound on the north side of the cove

(Fig. 26a). Prior to the construction of the marina a spit was built
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to the south from the north side of the cove (U.S.C.&G.S., 1891)
possibly diverting the stream to the south (Fig. 26b). This
historical information reinforces the geomorphic field evidence of

southeasterly net shore-drift along DeWolf Bight.

Drift Cells 73 and 74

Prior to the development of an oyster farm about 900m west of
Nisqually Head, drift cells 73 and 74 were one drift cell, At
present, drift cell 74 terminates along the east side of the oyster
farm, and drift cell 73 originates west of the oyster farm (Fig. 27).

Sediment from eroding near-vertical bluffs and oyster shells
from the oyster farm are transported to the west by predominant waves
that approach from the east. Net shore-drift along drift cell 73 is
evidenced by sediment fining from pebbles and cobbles to pebbles,
granules, and sand; beach widening, and a reduction in bluff slope to
the west. Transport of sediment and oyster shells terminates along a
45 m long spit developed to the west partially across the mouth of a
small cove. The spit diverts a small stream toward the west.

From an ill-defined zone of divergent drift at Nisqually Head,
sediment in drift cell 74 is transported to the northwest off a wave-
cut platform cut across glacial sediment by northeasterly wave§ as
evidenced by sediment fining from pebbles and cobbles to pebbles,
granules, and sand; increase in beach width; and an accumulation of

sediment on the southeast side of a bulkhead.
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Drift Cell 75

From an i11-defined zone of divergence located at Nisqually
Head, net shore-drift is directed to the south off a wave-cut
platform cut across glacial sediment by predominant waves that
approach across a northeasterly fetch. Numerous groins with sediment
prograded on their north sides, sediment fining from cobbles at the
origin to sand along a prograded beach at the terminus, and increases
in beach slope and width evidence a southerly net shore-drift

direction.

Nisqually Flats
The Nisqually Flats is a very large prograding intertidal delta
fed primarily with sediment from the Nisqually River. Numerous
coastal marshes have developed along its margins. Shallow water over
the delta inhibits wave generation in the area between McAllister
Creek and the Nisqually River. As a result, the entire area is a

zone of no appreciable net shore-drift.
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SUMMARY AND CONCLUSIONS

Thurston County is located in the southern Puget Sound region of
western Washington (Fig. 1). The coastline is made up of a complex
pattern of peninsulas, channels, and embayments with a total coastal
length of 178 kilometers. The area reflects an imprint of the most
recent glaciation.

The climate of Thurston County is a mid-latitude west coast
marine type, characterized by cool, comparatively dry summers and
mild, wet and cloudy winters. Surface wind across the county is
controlled primarily by two semi-permanent pressure systems in the
northeast Pacific Ocean and secondarily by local topography within
the Puget Sound trough. The prevailing (most frequent) and the
predominant (greatest influence on wave generation) winds over
Thurston County both come from the south to southwesterly direction
(Fig. 2).

Wind-generated waves provide the energy to erode the bluffs and
transport sediment along the shore. The energy and resulting
transport capability of a wave are dependent on three variables:
wind velocity; wind duration; and fetch, which is the distance wind
can travel over water. Fetch is the dominant limiting variable in
the formation of waves along the Thurston County coast, and is of
greater geomorphic significance than the prevailing wind direction.

The tides along the Thurston County coast are classified as
mixed tides (two high tides and two low tides occur in 24 hours, all
of unequal height). The tidal range determines the area over which
waves may impart energy. The study area has a macrotidal environment

(spring range >4 m) that causes wave energy expended on the beach by
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breaking waves to be dispersed over a large horizontal and vertical
area in the course of a tidal cycle.

Unconsolidated sediment found in the coastal bluffs in Thurston
County is the dominant source of beach sediment, with river sediment
only locally dominating beach sediment. Sediment is transported back
and forth along the shore by beach drift and longshore drift
processes, together called shore drift. Net shore-drift is the net,
long-term transport of sediment in one direction in response to a
predominant wave approach along the coast.

A drift cell is a compartment along the coast which acts as a
closed or nearly closed system with respect to its sediment source
area, zone of transport, net shore-drift direction, and area of
sediment deposition. The origin of a drift cell is characterized by
erosion and experiences a net deficit of sediment on a long-term
basis. Throughout the zone of transport, sediment may be lost,
interrupted, or introduced into the sediment budget of a drift cell.
The terminus of a drift cell is characterized by deposition and
experiences a net gain of sediment on a long-term basis.

The direction of net shore-drift and the boundaries of drift
cells along the Thurston County coast were documented in a field-
oriented investigation based upon geomorphic and sedimentologic
indicators. The net shore-drift indicators used in this study were
separated into two categories: indicators requiring observation over
distance and site-specific indicators. Aerial photographs and
historical maps and charts served as supplementary aids to field

interpretations of net shore-drift direction. Below is a list of the



geomorphic and sedimentologic indicators of net shore-drift used in
this study of Thurston County. The first figure to the right of each
indicator represents the total number of drift cells in which the
indicator was observed (see Table 5). The second figure to the right
of each indicator is a percentage that compares the number of drift
cells in which the indicator was observed to the total number of

drift cells (75) identified alonq the Thurston County coast.

Total Percentage
Indicators Requiring Observation Over Distance
Gradation in mean sediment size 61 81.3
Reach slope 25 33.3
Beach width 57 76.0
Bluff morphology 4h 61.3
Site-Specific Indicators
Spit development 48 64.0
Foreshore offsets at drift obstructions 54 72.0
Diversion of stream mouth outlets 27 35.0
Plan view of deltas or intertidal fans h 8.0
Identifiable sediment 4 5.3
Oblique bars 6 8.0
Beach pads 6 8.0

Seventy-five drift cells have been identified along 92 of the
178 kilometers of coast. Therefore, approximately 52 percent of the
Thurston County coast experiences active net shore-drift. Drift
cells vary in length from 7.7 kilometers (drift cell 35) to S50 meters
(drift cells 17 and 55). Areas with no appreciable net shore-drift
(nansd) comprise about 42 percent (74 kilometers) of the coast. Most

areas of nansd are along intertidal flats that occupy the southern
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portion of every major inlet in the county and smaller coves
adjoining the larger inlets. The remainder of the coast consists of
zones of divergent net shore-drift.

Wind-generated waves that approach from the southwest are both
prevailing (most frequent) and predominant (greatest influence on
shore drift) along most of the Thurston County coast. The
predominance of the southwesterly waves is largely dependent upon the
abundance of open water channels and fetches oriented sub-parallel to
the most frequent and greatest velocity southwesterly wind direction.
The result is that 76 percent of all net shore-drift along the
Thurston County coast has a northward vector component and 24 percent
has a southward vector component.

Possibly one of the most interesting drift cell patterns in the
county occurs around Steamboat Island where four separate drift cells
converge. Drift cell reversals along the Thurston County coast occur
most often at coves. They are usually the product of two processes
acting alone or in combination: (1) waves refracting into a cove,
and (2) the orientation of the cove allowing another wave regime to
predominant. Several cuspate or cuspate-like coastal features are
developed along the Thurston County coast. Although they are all
similar in plan view, each is distinct in terms of its geomorphology.

Human modification of the coast interrupts the process of shore

drift and alters net shore-drift patterns. Modification along the

Thurston County coast has, in a few areas, eliminated shore drift

altogether, creating man-made areas of no appreciable net shore-

drift. In another area, a former drift cell has been divided into
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two separate, shorter drift cells.

Shore defense structures such as bulkheads and groins are
reducing or eliminating wave erosion of the coastal bluffs. At
present, approximately 40 percent of the Thurston County coast has
been defended by these methods (Washington State D.0.E., 1980). The
continued elimination of bluff material as a source of beach sediment
may eventually cause the beaches along the Thurston County coast to
become narrower. Narrow beaches would provide less protection
against wave attack. Thus, paradoxically, the shore defense
structures originally designed to eliminate coastal erosion may
eventually cause an increase in bluff retreat and coastal erosion

along the Thurston County coast.



113

REFERENCES CITED

Bascom, W. M., 1951, The relationship between sand size and beach-
face slope: American Geophysical Union Transactions, v. 32, p.
866-874.

Bauer, W., 1974, The drift sectors of Whatcom County marine shores;
their shoreforms and geohydraulic status: Bellingham, Whatcom
County Planning Commission, 74 p.

Bird, E. C. F., 1969, Coasts: Cambridge, Mass., M.I.T. Press, 246 p.

Blankenship, D. G., 1983, Net shore-drift of Mason County,
Washington: Bellingham, Western Washington University,
unpublished M.S. thesis, 172p., 6 maps.

Bowen, A. J., 1969, Rip currents, 1: theoretical investigations:
Journal of Geophysical Research, v. 74, p. 5467-5478.

and Inman, D. L., 1969, Rip currents, 2: laboratory and
field observations: Journal of Geophysical Research, v. 74, p.
5479-5490.

Brundage, W. L., Jr., 1960, Recent sediments in the Nisqually River
delta, Puget Sound region, Washington: Seattle, University of
Washington, unpublished M.S. thesis, 178 p.

Crandell, D. R., Mullineaux, D. R., and Waldron, H. H., 1958,
Pleistocene sequence in southeast part of the Puget Sound
lowland, Washington: American Journal of Science, v. 256, p.
384-397.

Chrzastowski, M. J., 1982, Net shore-drift of King County,
Washington: Bellingham, Western Washington University,

unpublished M.S. thesis, 153 p., 1 map.



114

Davies, J. L., 1964, A morphogenic approach to world shorelines:

Zeitschrift fur Geomorphologie, v. 8, p. 127-142,

1974, The coastal sediment compartment: Australian

Geographical Studies, v. 12, p. 139-151.

1980, Geographical Variations in Coastal Development: New

York, Hafner Publishing Company, 212 p.

Easterbrook, D. J., 1976, Quaternary geology of the Pacific

Northwest, in W. C. Mahaney, ed., Quaternary Stratigraphy of

North America: Stroudsburg, Penn., Dowden, Hutchinson and Ross
Inc., p. 441-462.

, Briggs, N. D., Westgate, J. A., and Gorton, M P, 1981,

Age of the Salmon Springs glaciation in Washington:

9, p. 87-93.

Geology, v.

Ecker, R. M., Mayer, D. W., and Brown, S. M., 1979, Littoral
processes--Sequim Bay and adjacent Strait of Juan de Fuca shore-
line: Richland, Wash., Battelle Northwest Laboratories, 114 p.

Emery, K. 0., and Kuhn, G. G., 1982, Sea cliffs, their processes,
profiles, and classification: Geological Society of America
Bulletin, v. 93, p. 644-654,

Entsminger, L. D., 1982, Beach pads, in M. L. Schwartz, ed.,
Encyclopedia of Beaches and Coastal Environments:

Stroudsburg,
Penn., Hutchinson Ross Publishing Co., p. 150.

Evans, 0. F., 1942, The relationship between the size of wave-formed
ripple marks, depth of water, and the size of generating waves:

Journal of Sedimentary Petrology, v. 12, p. 31-35.



115

Globerman, B. R., 1980, Geology, petrology and paleomagnetism of
Eocene basalts from the Black Hills, Washington Coast Range:
Bellingham, Western Washington University, unpublished M.S.
thesis, 373 p.

Guilcher, A., 1974, Studies in coastal geomorphology contributing to
coastal engineering: Proceedings 14th Conference of Coastal
Engineering, Copenhagen, Denmark, v. 1, p. 1-20.

Harp, B. D., 1983, Net shore-drift of Pierce County, Washington:
Bellingham, Western Washington University, unpublished M.S.
thesis, in progress.

Harris, R. G., 1954, The surface winds over Puget Sound and the
Strait of Juan de Fuca and their oceanographic effects:
Seattle, University of Washington, unpublished M.S. thesis, 101
p.

Hunter, R. E., Sallenger, A. H., and Dupre, W. R., 1979, Methods and
descriptions of maps showing direction of longshore sediment
transport along the Alaskan Bering seacoasts: U. S. Geological
Survey, Miscellaneous Field Studies, Map MF-1049, 7 p., 12
sheets.

Ingle, J. C., Jr., 1966, The Movement of Beach Sand: Developments in
Sedimentology 5: Amsterdam,Elsevier Publishing Co., 221 p.
Jacobsen, E. E., 1980, Net shore-drift of Whatcom County, Washington:

Bellingham, Western Washington University, unpublished M.S.

thesis, 76 p., 1 map.



116

Jacobsen, E. E., and Schwartz, M. L., 1981, The use of geomorphic
indicators to determine the direction of net shore-drift: Shore
and Beach, v. 49, p. 38-43.

Johnson, D. W., 1919, Shore Processes and Shoreline Development: New
York, Hafner Publishing Co., 584 p.

Keuler, R. F., 1979, Coastal zone processes and geomorphology of
Skagit County, Washington: B8ellingham, Western Washington
University, unpublished M.S. thesis, 127 p., 8 maps.

1980, Net longshore sediment transport, Port Angeles to
Sequim Bay: Olympia, Washington Department of Ecology,
unpublished report, 10 pl., 1 map.

1983, Coastal erosion, sediment supply and longshore
transport, Port Townsend 1:100,000 quadrangle, Puget Sound
region, Washington: U. S. Geological Survey, Miscellaneous
Investigations, map I-1198, in press.

King, C. A. M., 1972, Beaches and Coasts: New York, St. Martin's
Press, Inc., 570 p.

Komar, P. D., and Inman, D. L., 1970, Longshore sand transport on
beaches: Journal of Geophysical Research, v. 75, p. 5914-5927.

Komar, P. D., 1976, Beach Processes and Sedimentation: Englewood
Cliffs, N.J., Prentice-Hall, Inc., 429 p.

Kuenen, Ph. H., 1964, Experimental abrasion, 6, surf action:
Sedimentology, v. 3, p. 29-43.

Longuet-Higgins, M. S., 1970a, Longshore currents generated by
obliquely incident sea waves, 1: Journal of Geophysical

Research, v. 75, p. 6778-6789.



17

1970b, Longshore currents generated by obliquely incident

sea waves, 2: Journal of Geophysical Research, v. 75, p. 6790-

6801.
Meistrell, F. J., 1972, The spit platform concept: Laboratory
observation of spit development, in M. L. Schwartz, ed., Spits

and Bars: Stroudsburg, Penn., Dowden, Hutchinson and Ross,

Inc., p. 224-284,

National Ocean Survey, 1981, Nautical Chart 18445, Possession Sound

to Olylmpia including Hood Canal, Washington: Washington, D.

C., National Ocean Survey, 17th ed., scale, 1:80,000.

1982, Tide tables west coast of North and South America

(including the Hawaiian Islands): Washington, D. C., U. S.

Government Printing Office, 231 p.

National Oceanic and Atmospheric Administration, 1980a, Climates of

the States: Detroit, Mich.,Gale Research Company, 2 v., 1175 p.

1980b, Local climatological data, Olympia, Washington:
Ashville, N.C., National Climatic Center, 4 p.

Noble, J. B., and Wallace, E. F., 1966, Geology and groundwater

resources of Thurston County, Washington: Washington Division

of Water Resources, Water Supply Bulletin 10, v. 2, 141 p.
Pacific Northwest River Basin Commission, Meteorology Committee,

1968, Climatological Handbook, Columbia Basin States, Hourly

Data, v. 3, Part A: Vancouver, Wash., Pacific Northwest River

Basin Commission, 341 p., plus appendix.



18

Pettijohn, F. J., and Ridge, J. D., 1932, A textural variation series

of beach sands from Cedar Point, Ohio: Journal of Sedimentary

Petrology, v. 2, p. 76-88,

Phillips, E. L., 1964, Washington climate for these counties: Clark,

Cowlitz, Lewis, Skamania, Thurston: Pullman, Washington State

University, Agricultural Extension Service, Publication E. M,
2462, 42 p.

Rosen, P., 1977, Increasing shoreline erosion rates with decreasing
tidal range in the Virginia Chesapeake Bay:

Chesapeake Science,
v. 18, p. 383-386.

Saville, T., Jr., 1954, The effect of fetch width on wave generation:
Washington, D. C., Beach Erosion Board, U. S. Army Corps of
Engineers Technical Memorandum, no. 70, 9 p.

Schou, A., 1945, Det marine forland: Folia Geographica Danica, v. 4,

236 p. (p. 213-224, English summary).
1952, Direction determining influence of the wind on

shoreline simplification and coastal dunes: Proceedings 17th
Conference of the International Geographical Union, Washington,

D. C., p. 370-373.
Schwartz, M. L., 1972, Introduction, in M. L. Schwartz, ed.,

Spits and Bars: Stroudsburg, Penn., Dowden, Hutchinson and Ross,

Inc., p. 1-2.

1982, Beach processes, in M. L. Schwartz,

ed.,

Encyclopedia of Beaches and Coastal Environments: Stroudsburg,

Penn., Hutchinson Ross Publishing Co., p. 153-156,



119

Self, R. P., 1977, Longshore variation in beach sands, Nautla area,
Verécruz, Mexico: Journal of Sedimentary Petrology, v. 47, p.
1437-1443,

Shepard, F. P., 1963, Submarine Geology: New York, Harper and Row,
Inc., 517 p.

Taggart, B., 1983, Net shore-drift of Kitsap County, Washington:
Bellingham, Western Washington University, unpublished M.S.
thesis, in progress.

Tanner, W. F., 1975, Beach processes, Berrian County, Michigan:
Journal of Great Lakes Research, v. 1, p. 171-178.

U. S. Army Corps of Engineers, 1977, Shore Protection Manual:
Washington, D. C., U. S. Government Printing Office, 3 vols.

U. S. Coast and Geodetic Survey, 1876, Revised to 1905, 6462, Olympia
Harbor, Puget Sound, Washington: scale 1:20,000.

1880, Topographic survey T-1675, Eld Inlet, Puget Sound,
Washington Territory: scale 1:10,000.

1891, Revised to 1905, 6460, Puget Sound, Seattle to
Olympia, Washington: scale 1:80,000.
U. S. Geological Survey, 1949, Olympia quadrangle, Washington:
Topographic map, scale 1:62,500.
1959a, Photorevised 1973, Tumwater quadrangle, Washington:
Topographic map, scale 1:24,000.

1959b, Photorevised 1968, Longbranch quadrangle,
Washington: Topographic map, scale 1:24,000.



120

1960, Surface water supply for the United States, 1959,
Part 12, Pacific slopes basin in Washington and upper Columbia
River basin: U. S. Geological Survey Water-Supply Paper 1636,
402 p.

U. S. Navy Hydrographic Office, 1951, Techniques for forecasting wind
waves and swell: Washington, D. C., U. S. Navy Hydrographic
0ffice, no. 604, 37 p., 10 pl.

University of Washington, 1954, Puget Sound and approaches, a
literature study: Seattle, University of Washington, Department
of Oceanography, v. 3, 175 p.

Washington State Department of Ecology, 1980, Coastal Zone Atlas of
Washington, Thurston County: Olympia, Department of Ecology, v.
8, 8 p., 18 pl.

Washington State Department of Natural Resources, 1974, Washington
Marine Atlas, v. 2, south inland waters: Olympia, Department of

Natural Resources, 4 p., 21 pl.

Zenkovitch, V. P., 1959, On the genesis of cuspate spits along lagoon
shores: Journal of Geology, v. 67, n. 269-277.

1967, Processes of Coastal Development: New York,

Interscience Publishers, 738 p.



