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Abstract
The Coos Bay dunes sheet lies between Florence and Coos Bay, Oregon and is managed by a
branch of the USDA Forest Service known as the Oregon Dunes National Recreation Area. This
area is experiencing many environmental pressures from sources with opposing uses. To manage
this area effectivly, a higher level of understanding of geologic variables concerning sediment
emplacement mechanisms and dates, in addition to sediment source, is sorely needed. With this
data, a greater understanding and appreciation of the impact of the current rapid stabilization of
active dunes via introducded vegitation will be gained. The work will be accomplished through a
combination of dating techniques; quantitative soil color, thickness, and clay content analysis;
sand grain size; sand thickness and depth trend analysis; and sand and clay mineralogic data. The
work is expected to be done by winter 2000.
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Introduction
I propose to determine the source, age and emplacement mechanism of the Coos Bay dune
sheet encompassed by the Oregon Dunes National Recreation Area (see Figure 1), with the age
determinations in collaboration with Errol Stock of Griffith University in Brisbane, Australia.
The significance of this study is due to Oregon’s coast being under increasing pressure from a
variety of demands such as recreation, housing, wildlife, and aesthetics. With these increasing
demands comes a need for increased understanding of how the landscape can cope with the
provisions of each divergent use. About 45%, or 225 of the 500 kilometers, of the Oregon coast
consists of active or partially stabilized dunes (Cooper, 1958). These landforms have specific
land use concerns including slope stability, ground water resources, and wetland habitats. There
has been no comprehensive studies performed
to address these concerns. Whereas people have
generally speculated off record about the
timing and origin of the dunes, the origin and
stratigraphy of the upland dune fields are not
known. In this proposal, I expect to find the
Figure 1: Map of the Oregon Dunes National
Recreation Area.

provenance of sand and the age and
mechanisms of sediment emplacement.

Area of study
The specific area of study I am focusing on is the Coos Bay dune sheet, nearly
encompassed by the USDA Forest Service’s Oregon Dunes National Recreation Area (see Figure
1), created by act of Congress in 1972. This area has many different, seemingly divergent
purposes. The Oregon Dunes National Recreation Area (ODNRA) is home to extensive off-

highway vehicle (OHV) use, as well as other anthropocentric uses such as camping, hiking,
fishing, and aesthetics. The area is also home to various species of terrestrial and aquatic
organisms, most notably species with special statuses, such as the Snowy Plover, Bald Eagle,
California Condor, and Southern Sea Otter (Pacific Coast Ecological Inventory, 1981). These
habitats vie for attention with the human issues. To make competent managerial decisions, issues
of current and past dune sand characteristics must be addressed.
The chief reason that this area was chosen for study was that it is the largest open dune
sheet on the Oregon coast, nearly unbroken for its entire 70 kilometers and crossed only by two
rivers, the Suislaw and the Umpqua. Therefore the interaction of modern active dunes and
vegetated stabilized dunes could be studied from one geologic unit. In addition, this dune sheet is
the largest non-Columbia River sheet in the Pacific Northwest, and subsequently is believed to
be representative of the emplacement mechanisms of the other dune sheets in the region. With
this information on dune emplacement, city and park managerial decisions would be more
encompassing due to the additional knowledge of the sand’s geomorphologic history. Therefore,
this thesis will concentrate on the mechanisms of sand emplacement, with supporting data
including; sand and clay mineralogy for provenance, grain size analysis for significant trends,
sheet thickness and depth also for trends, and soil geochronosequencing coupled with absolute
ages for a more complete overview of ages.

Background
Work focusing on the Coos Bay dune sheet has primarily concentrated on either broad
studies of geomorphology (Cooper, 1958), or on a scale specific to particular factors, such as
hydrology in the Florence (Hampton, 1963) or the Coos Bay North Bend area (Robinson, 1973).

The general overview by Cooper (1958) characterized many different factors of dunes in
Oregon and Washington, and included the Coos Bay dune sheet. His model of emplacement
mechanisms for Pacific Northwest coastal dunes was one of the shore front transgressing
eastward during sea level rise with waves forcing the sand eastward in a number of cycles
involving wind forcing, ridge building, wave erosion, and vegetation burial. Cooper is the
primary generalized work for the Pacific Northwest. In addition to Washington and Oregon, he
also classified California’s coastal dunes (Cooper, 1967). According to Schultz, (1990) the
existence and size of the dunes is due to two primary factors; a broad, flat terrace that slopes
inland about 5.5 kilometers, and the size of the Umpqua and Suislaw rivers, whose sediment
discharge supplies sand to the nearshore that the ocean can redistribute.
Other work has concentrated on littoral cell development on the regional scale (Peterson et
al, 1991). Sand stabilization in the area has also been the subject of much study (Reckendorf,
1987; Carlson, 1991). Soil development in the dune areas has also been a major topic of study in
the area (Bockhiem et al, 1996; Shoji et al, 1987; Baham and Simonson, 1985; LangleyTurnbaugh and Bockhiem, 1997). These papers do not all focus on soil development in sands,
but they are all relevant to the processes on the Coos Bay dune sheet. For example, Bockhiem et
al, (1996) studied the primary factors affecting the rate of pedogenesis and concluded that the
chief factors influencing development were relative amounts of silt and clay; the ratio of quartz
to feldspars in the very fine sand fraction; and the amounts of dithionite-extractable Fe and Al
and crystalline Fe in the soil profile. All of these factors are seemingly applicable to the
pedogenic processes in psamments of the dune sheet.
Ecological studies are also of importance to the understanding of the dunes. Worona and
Whitlock (1995) classify the paleoclimatological variables at Little Lake, in the central Coast

Range, which translate to the south-central coast of this study. These researchers state that pollen
data suggest a cooler and wetter climate than today from 42,000 to 24,770 ybp, evidenced by an
open forest of western white pine, western hemlock and fir. The full interglacial period was
colder and possibly drier than today. After this, the climate became drier and warmer until 5,600
ybp, marking the introduction of the present day cool, moist climate. Paleoclimate data is
relevant to this study due to climate having a significant role in dune formation and morphology.
Other studies not specific to this area will include grain size papers detailing the spatial
distribution of sizes in coastal systems, grain entrainment papers, (Slingerland, 1977; Bagnold,
1936), and others as needed.

Statement of Problem
The question of sediment emplacement mechanism is one that has not been fully addressed
or proven in previous work. There are two mechanisms for sand run-up are both are tied into sea
level fluctuations: a high sea level stand, and a low stand model. The accepted, but unproven
high stand model entails waves forcing beach sand onshore and subsequently into dunes during
sea level transgression is the basis for the high-stand model. The mechanism for this model
entails sediment going through repeated cycles of stabilization, re-activation by rising sea-level,
and re-stabilization of sand at a higher level (see Figure 2). The result would likely be dunes of a
uniform age with dates corresponding to the latest and highest advance of sea level. The low
stand model, which shows potential of being the true model, entails sand being blown in from the
exposed shelf and building up against Coast Range foothills primarily during the last glacial
period, creating a lateral fining of sediments eastward and dates corresponding to glacial periods.
The significance of this research lies with the question of the sediment emplacement
mechanism. It is possible that this question directly relates to the problems that are now being

Figure 2: Sea level rise and dune advance (Kellerman in Schultz, 1990).

experienced on the coast today. If the deposits are older, as with the low-stand mechanism, the
over-vegetation now being experienced in the ODNRA signifies the loss of a moderate to long
term geological feature. However, if the dunes are of the high-stand model, then we are losing a
temporary feature.
The source of sediment is also in question. There are two major rivers within the bounders
of the ODNRA, the Suislaw River to the north near Florence, and the Umpqua River in the midsection near Reedsport. The mineralogies of each river are distinct, with the Suislaw draining the
Coast Range volcanics and sedimentary units exclusively, and the Umpqua draining the Coast
Range and the Klamath’s metamorphic facies. Other sources considered for this study include
the Columbia River, continental shelf sands, and rivers to the south in California. Distinctive
heavy mineral assemblages should be useful in determining the sources and dispersal patterns of
sand in the dune field.
Therefore, the primary questions that this research strives to answer are the ones of
sediment source, age, and emplacement mechanism.

Objectives
The goals of this thesis is to determine the source of the sand contained in the Coos Bay
dune sheet and the dates and mechanisms of sand emplacement in the area. This will be
addressed through a combination of geochronological sequencing and absolute dating as outlined
below.
•

Sand mineralogy. The mineralogy of the sand will be analyzed and provenance
determined. This will be done with the optical microscope and possibly with other
interdepartmental equipment.

•

Grain size analyses. The spatial distribution of grain sizes of sediment, both loose and
in soil profiles will be examined for spatial trends relating to entrainment/settling
velocity and pedogenic development.

•

Sand thickness and depth. The thickness of the sand, along with the depth will be
examined via state well logs. Trends exhibiting trends of thickness and depth,
combined with other data, would provide information on sediment source directions.
The data provided by the well logs will also include paleosol and aquifer variables.

•

Absolute dating. Thermoluminecence, Optical, and 14C dating techniques will be used
to determine the sequence of sand emplacement and the timing of the emplacement and
then correlating these dates to the rise and fall of sea level.

•

Soil geochronology. A number of Australian Sand Auger cores and profiles from road
cuts will be utilized for the relative pedogenic development of soil profiles. This will
be tied into absolute dating and correlated, thus rating the reliability of such a model.
Quantitative indexing will be based on soil colors using rubification (Harden, 1982),
Buntly-Weston color indexing (Birkeland, 1984), B-horizon thickness, and clay
content. Principle component analysis (Swan and Sandilands, 1995) of soil color
constituents will also be performed.

•

Clay mineralogy. Trends in the soil profiles will be examined by X-ray diffraction.
Types of clay present, their possible source minerals and/or rocks, and relative
concentrations will be examined. In addition to the stand-alone analysis, the respective
spatial distribution of each will be examined and plotted.

•

Paleo and recent climatic data. Paleoclimatic data matching absolute ages will be
studied for its contribution to emplacement mechanisms. Modern climate trends will
also be explored for its contribution to current sand movement.

•

Other data to be explored in the literature include geophysical, pollen chronology, and
archeological findings to provide further insight to sand emplacement, source, and
other possible undetermined significant information.

Integrating all the above data should provide a viable answer to the questions of sand
source and emplacement timing and mechanism.

Expected Products
The primary product that I will be producing will be an understanding of the mechanisms
of emplacement and source of sand in the Coos Bay dune sheet. The tangible products of the
study, as detailed below, will accompany this.
•

An equation using soil variables, such as B-horizon thickness, color, and clay content,
for the purpose of determining rough absolute ages for the duration of stability on
vegetated dunes.

•

Maps detailing the trends exhibited by grain size, thickness and depth of the sand,
mineralogical patterns, as well as others, as their importance becomes known. In
addition to these, I will produce maps showing any relevant trends in dune trends found
as a result of the data analysis, with either a CAD program, or as GIS layers.

Budget
Expense

Amount

Total

Grain size and mineralogy

$2,500.00

$2,500.00

Grain texture and isopach map

$2,100.00

$4,600.00

Previous dating, including TL

$2.500.00

$7,100.00

Upcoming TL dating

$5,000.00

$12,100.00

Travel

$ 500.00

$12,600.00

Equipment

$ 100.00

$12,700.00

Total projected costs

$12,700.00

Much of the costs associated with this study will be provided by the ODNRA, with the
remainder being provided at no cost by interested colleagues.

Schedule
•

Prior to winter 1999: Field work and lab processing almost completed.

•

Winter 1999: Propose and literature search for relevant papers.

•

Spring 1999: Data processing.

•

Summer 1999: Additional field work and data processing as needed, and begin writing
thesis.

•

Fall 1999: Finalize thesis.

•

Winter 2000: Defend.

References
Bagnold, R. A., 1936, The Movement of Desert Sand: Proc. Royal Society of London, v. A157,
p. 594-620.
Baham, J., and Simonson, G. H., 1985, Classification of soils with Andic properties from the
Oregon Coast: Soil Science Society of America Journal, v. 49, p. 777-780.
Birkeland, P. W., 1984, Soils and Geomorphology: New York, Oxford University Press, 372 p.
Bokheim, J. G., Marshall, J. G., and Kelsey, H. M., 1996, Soil-forming processes and rates on
uplifted marine terraces in southwestern Oregon, USA: Geoderma, v. 73, p. 39-62.
Carlson, J., Reckendorf, F., and Ternyik, W., 1991, Stabilizing Coastal Sand Dunes in the Pacific
Northwest: United States Department of Agriculture: Soil Conservation Service,
Agriculture Handbook 687.
Cooper, 1958, Coastal sand dunes of Oregon and Washington, Memoir - Geological Society of
America, 169 p.
Cooper, 1967, Coastal Dunes of California, The Geological Society of America Memoir:
Boulder, 131 p.
Hampton, E. R., 1963, Ground Water in the Coastal Dune Area Near Florence, Oregon: United
States Geological Survey, 1539-K.
Hansen, H. P., 1943, Paleoecology of two sand dune bogs in the southern Oregon Coast:
American Journal of Botany, v. 30, no. 5, p. 335-340.
Harden, J. W., 1982, Quantitative index of soil development from field descriptions; examples
from a chronosequence in central California: Geoderma, v. 28, no. 1, p. 1-28.
Langley-Turnbaugh, S. J., and Bockheim, J. G., 1997, Time-Dependent Changes in Pedogenic
Processes on Marine Terraces in Coastal Oregon: Soil Science Society of America
Journal, v. 61, p. 1428-1440.
Lund, D. C., and Mix, A. C., 1998, Millenial-scale deep water oscillations: Reflections of the
North Atlantic in the deep Pacific from 10 to 60 ka: Paleoceanography, v. 13, no. 1, p.
10-19.
Mix, A. C., 1987, The oxygen isotope record of glaciation, in Ruddiman, W. F., and Wright, H.
E., eds., North America and adjacent oceans during the last deglaciation: Boulder,
Colorado, Geological Society of America.
Mix, A. C., Lund, D. C., Pisias, N. G., Boden, P., Bornmalm, L., and Lyle, M., Submitted 11-98,
Millennial-scale oscillations in the Northeast Pacific: Patterns and possible causes.,
Chapman Conference on Millenial Scale Climate Change.
Nettleson, W. D., Parsons, R. B., Ness, A. O., and Gelderman, F. W., 1982, Spodosols Along the
Southwest Oregon Coast: Soil Science Society of America Journal, v. 46, no. 3, p. 593599.
Peterson, C. D., Darienzo, M. E., Pettit, D. J., Jackson, P. L., and Rosenfeld, C. L., 1991,
Littoral-Cell development in the convergent Cascadia Margin of tthe Pacific Northwest,
USA: From Shoreline to Abyss, SEPM Special Publication No. 46, p. 17-34.
Reckendorf, F., Leach, D., Baum, R., and Carlson, J., 1987, Stabilization of West Coast sand
dunes, in Coastal Zone '87 - Proceedings of the Symposium on Coastal and Ocean
Managment, Seattle, WA, p. 1328-1342.
Robinson, J. H., 1973, Hydrology of the dunes area north of Coos Bay, Oregon: United States
Geological Survey.

Schedegger, K. F., Kulm, L. D., and Runge, E. J., 1971, Sediment sources and dispersal patterns
of Oregon continental shelf sands: Journal of Sedimentary Petrology, v. 41, no. 4, p.
1112-1120.
Schultz, S. T., 1990, The Northwest Coast: A Natural History: Portland, Timber Press.
Shoji, S., Suzuki, Y., and Saigusa, M., 1987, Clay Mineralogical and Chemical Properties of
Nonallophanic Andepts (Andisols) from Oregon, USA: Soil Science Society of America
Journal, v. 51, p. 985-988.
Slingerland, R. L., 1977, The effects of entrainment on the hydraulic equivalence relationships of
light and heavy minerals in sands.: Journal of Sedimentary Petrology, v. 47, no. 2, p. 753770.
Swan, A. R. H., and Sandilands, M., 1995, Introduction to geological data analysis: United
Kingdon, Blackwell Science, 446 p.
United States Department of Agriculture: Forest Service., 1981, Pacific Coast Ecological
Inventory: Coos Bay, Oregon: United States Geological Survey, scale 1:250,000.
Worona, M. A., and Whitlock, C., 1995, Late Quarternary vegitation and climate history near
Little Lake, central Coast Range, Oregon: GSA Bulletin, v. 107, no. 7, p. 867-876.

