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ABSTRACT

An abstract of the thesis of Darren L. Beckstrand for the Master of Science in Geology

presented November 22, 2000

Title:  Origin of the Coos Bay and Florence Dune Sheets, South Central Coast, Oregon

The Coos Bay and Florence dune sheets are situated on Oregon’ s south central
coast, between Florence to the north and Coos Bay to the south. These two dune sheets
comprise gpproximately 70 km of coastline; the largest coastal dune fields of Oregon.
Heavy mineral analysisindicates a primary sand source from the UmpquaRiver, as
evidenced by high hypersthene:augite ratios and a secondary source from streamsto the
south, yielding metamorphic amphiboles.

Complex directional emplacement trends indicate onshore transport of sand;
however, different data suggest either a southern or a northern sand source. Dune lee-
dope azimuth analyses suggest a northern sand source, whereas particle-size anaysis
indicates a southern source. Dune thickness and depth increase to the north.
Accommodation space also increases to the north due to possible tectonic uplift to the
south and incision by the paleo-Siusaw River channel to the north.

Previoudly, these dune sheets were assumed to be Holocene features forced
onshore during the latest de-glacia sealevel rise. A Holocene age would require ahigh
sealevel stand emplacement model. Thermoluminescent (TL) dating of sand and C**

dating of organics suggest at least three pulses of sand supply. The oldest TL date



obtained is 70.2 + 3.0 ka. Most of the eastern edge dune TL dates are between 30

and 40 ka. The westernmost sands are chiefly 1-3 ka. The earliest ages (70 and 30-40
ka) prohibit a high stand emplacement moddl. Rather, these ages suggest asealevel low
stand model with sand transported across the exposed continental shelf to present dunal
positions. Variable sealevels during the Pleistocene could have aternately encouraged
sand transport alongshore (high-stand) and | eft the inner-continental shelf sands exposed
to onshore eolian transport (low-stand), thereby episodically supplying the coastal dunes
with the freshly available sand. Sand supply in the latest Holocene (1-3 ka) prograded a
portion of the shoreline and covered some westernmost stabilized Pleistocene dune
soils. However, late Holocene sand advances (hundreds of meters) are small compared
to late Pleistocene advances (severd kilometers). These results will impact previous
interpretations of neotectonics, archaeology, and coastal sand supply in the south-central

Oregon coasta zone.
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Introduction

A minimum of 45 percent, or 225 of the 500 kilometers, of the Oregon coast
consists of active or partially stabilized dunes (Cooper, 1958; Peterson et d., 1991).
Cooper recognized at |east two periods of prehistoric dune advance, but lacked
radiocarbon (C**) and thermoluminesence (TL) dating techniques to establish dune
advance ages. There are fundamental questions about the origins of these dunes, for
example: 1) how old are the dunes? 2) where did the sand come from? and 3) what
processes led to dune sheet emplacement? To date, there have been no comprehensive
studies performed to address these concerns. Whereas researchers have specul ated about
the timing and origin of the dunes, the origin and stratigraphy of the dune fields have not
previoudly been constrained (Cooper, 1958; Minor and Toepdl, 1986).

Additionaly, ponds, wetlands, and Snowy Plover nesting habitats exist in the
dunal landscape (USDA Forest Service, 1981). These habitats vie for attention with
human interests, which include extensive off-highway vehicle (OHV) use, residential
and commercia development, and ground-water withdrawa (Hampton, 1963 and
Robinson, 1973). The duna resources are under increasing pressure from the variety of
demands imposed by an increasing coastal population. With these increasing demands
comes a need for increased understanding of how the dunal landscape can be utilized to
cope with the provisions of each divergent use. More needs to be known about the dunal
hydrology, vegetative stabilization, and soil properties for along-term management of

these resources (USDA Forest Service, 1996).



In 1995, Dr Errol Stock of Griffith University in Brisbane, Australia; my advisor,
Dr. Curt Peterson; and Courtney Cloyd of the USDA Forest Serviceinitiated a study of
the Oregon Dunes National Recreation Area (ODNRA) dunes by means of air photo
interpretation, field mapping, and soil and sand sampling. Over the following four years

the Forest Service compiled a geographic information system (GIS) map from air photo

processed dune sand and soil samplesfor grain size, pH, and Munsdll color. Other
fieldwork performed for this thesis will be detailed in the appropriate sections. Sail
profiling and dating methods (TL and C**) are the major tools used in this study to
establish the age of dune sheet emplacement. The GIS database, including dune
orientations (i.e.; paleowind directions), is used to constrain mechanisms of sand
emplacement. Mineralogy of the dune sandsis used to establish the ultimate and
proximal sources of the dune sheet deposits.

The timing of the dune sheet’ s emplacement is uncertain, with most coastal
researches speculating the last de-glacial period of 5-7 kato be the mgjor period of
emplacement (Cooper, 1958; Erlandson et al., 1998; Peterson et d., 1993; Minor and
Toefel, 1986; Nettleson et al., 1982). A magjor portion of this study is the investigation of
sediment emplacement mechanism(s). Two chief ideas about the emplacement of the
sand are tested, one involving a high sealevel (near current elevation) model, the other
being alow stand modedl. A commonly accepted, abeit unproven, high-stand model

devel oped entails ocean waves forcing beach sand onshore during sealevel
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Figure 1: Location of the Florence/Coos Bay dune sheets. The Florence sheet runs
from the north of the Umpqua River, while the Coos Bay dune sheet runs south of the
Umpqua.



transgression and the subsequent high stand. Such a mechanism should lead to late

Holocene and/or |ate Pleistocene dates (80-120 ka) for dune emplacement during marine

high sealevels. The low-stand mode entails sand being blown in from the exposed

continental shelf during sealevel low-stands and building up against Coast Range

subsequent ramping up to the Coast Range foothills during glacia periods.

The Florence/Coos Bay dune sheets are the largest and most active of the Pacific
Northwest dune sheets. Findings about the dune sheet ages, mechanisms for
emplacement, and periods of stabilization from this study should have application to

other dune sheets on the West coast.



Previous dune landscape is stabilized during a
quiet period.

Sase9.10ul BW 1|

Sealevel rise reactivates stabilized dunes.

Sealevel continuesto rise and new active
dunes spread inland.

Oblique ridges are formed as dunes reach
maximum advance.

Sealevel stabilizes and anew foreduneis
created.

Foredune traps beach sand and allows
deflation plainsto form.

Deflation areas colonized by vegetation

Eventually al dune sand is stable and the
forest propagates to the foredune edge.

Figure 2: Schematic illustration of the high-stand emplacement model. Modified from
Schultz, 1990.
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Figure 3: Schematic diagram of the low-stand emplacement model.



Background

Due to the broad character of thisthess, this background sectionis generd in
nature and some material and references regarding specific aspects are deferred to the
discussion.

Study Area

The areas of study are the Florence and Coos Bay dune sheets, separated by the
Umpgua River and its associated headland. The Florence dune sheet extends from
Heceta Head (Sea Lion Point) north of Florence, south to the Umpgua River at
Reedsport. The Coos Bay dune extends from the Umpqua River south, to north of Coos
National Recreation Area, managed by the U.S. Department of Agriculture' s Forest
Service.

Geography

The climateis moist and temperate. Winters are cool (average temperature of 7°C)

and most of the precipitation falls during thistime. Summers are dry and warm 15°C,

with occasional rains (Beaulieu and Hughs, 1975). Between 1931 and 1997, an annual

with clouds and fog occurring regularly.



Table 1. Average monthly and annual rainfall amount recorded at the Coos Bay/North
Bend Airport between 1931 and 1997 (cm). Data provided by Jackson, personal
communication, 1998.

Jn Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec Annua

Mean 25.7920.01 1961 11.63 738 419 115 183 446 1317 2398 2746 159.65
Max 55254536 44.45 2827 1831 1453 7.09 1394 1448 4569 57.63 56.79 237.59
Min 470 589 419 107 076 020 000 000 000 076 168 432 8514
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Figure 4: Histograms and line graphs showing annual and average monthly
precipitation between years 1931 and 1997 at the Coos Bay/North Bend Airport. Data
provided by Jackson, personal communication, 1998.
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Figure 5: Wind-rose diagrams, from left to right, for January, July, and an yearly
average between the years 1984 and 1989. Summer winds displayed are not
completley representative due to local topography near the gaging station at the Coos
Bay/North Bend airport. Axial values are in knots; north is true north. Modified from
data provided by Jackson, personal communication, 1998.

These conditions |ead to a complex seasonal interaction between wind, rain, dune-
sand cohesion, and dune-sand mobility. During the summer months the persistent, but
weak northwest winds blow dry sand toward the southeast. During the winter months,
the brief but strong southwest winds blow sand to the northeast. Additionally, greater
complexity of dune orientations result from wind convergence and divergence around
local dune topography. A comparison between modern, active and prehistoric, stabilized
dunes has yet to be performed in this area. Hunter et a. (1983) performed an analysis of
migration rates of oblique dunes south of the Umpqgua River. They found that the
migration rate of these dunesis 3.8 m/y towards an azimuth of 126°. They also found
that the migration primarily took place during strong winter storms, rather than during
the dry summer months.

The bathymetry of the coast reveals anarrow shelf between 0 and —-80 m, then

increasing in width between —80 and —120 m. Note the wider continental shelf exposure
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Figure 6: Nearshore bathymetry off of the Florence and Coos Bay dune sheets. Note
the large increase of continental shelf exposure starting between —80 and —100 meters.
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Local Geology
A brief, general geologic history of the area begins with the emplacement of

Oregon’s Coast Range-Siletziaterrain consisting primarily of oceanic basalts during the
Eocene. During the emplacement of the Coast Range, the proto-Cascade volcanic arc
became established and sediments spilled from it (as well as from the southwest and the
southeast Kalamath terrain) into the forearc basin. These sediments became the bedrock
units (consisting of mudstones, siltstones, and sandstones) in the study area (Beaulieu
and Hughs, 1975). These formations are the Eocene marine interbedded siltstones and
sandstones of the Tyee, Flournoy and Coaledo (Beaulieu and Hughs, 1975). These units
outcrop at the west-facing front of the Coast Range, upon which the dune fields onlap
from the west. Cooper (1958) and Orr et al. (1992) report that the dunes rest on marine
cut terrace surfaces. However, these terraces are not exposed at the shoreline or at
landward sites in the study area due to modest tectonic uplift (no terraces) and/or thick
dune cover.

Sediment transport considerations

The research presented hereis related to the aspects of sand source, emplacement
timing, and mechanism(s) of sand supply. Thislast aspect involved consideration of
sand transport. Theoretical entrainment velocities do not address all issues of transport.
For example, sand masses moving across the continental slope during sea-level low-
stands must move fast enough to outrun the transgressing sea and must be free to move
(that is not stabilized by vegetation). Therole that vegetation playsis quite significant in

terms of critical entrainment velocities, dune forms, and rates of transport. Increased
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vegetation limits the amount and velocity of transport, resulting in dune stabilization and
loss of open dunes (Bressolier and Thomas, 1977).

Therole of precipitation in eolian sand transport isimportant in two ways. When
the climate is drier, cohesion due to moisture diminishes, and sand transport is more
efficient. Additionally, precipitation promotes vegetative growth and dune stabilization.
The presence of large areas of active dunes on the Coos Bay and Florence dune sheets

testifies to the effectiveness of sand mobility under present-day conditions of

migration of the larger dune masses in historic time (Reckendorf, 1987). Therefore,
different conditions of sand supply, wind strength, and vegetative growth must have
prevailed in the past to account for the existing distribution of larger dune masses.

Origins of coastal dunes

The subject of coastal dunefieldsisafield of research that has been evolving in
recent decades. Early researchers did not attempt to distinguish between inland and
coastal dunes. Until the late 1980s, papers on dunes tended to rely on the landmark
papers of Bagnold (1936, 1941) and widely cited papers such as Cooper (1958). In the
early 1980s, a shift “towards exploring the morphodynamic status of dunes’ began

(Short and Hesp, 1982). As seen iniFigure 7y large portions of the world’ s coasts

complement dune formation with compatible physiographies (relatively low relief

shoreline, adequate sand supply) (Carter et al., 1990).
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Figure 7: Distribution of major dune coasts of the world. Modified from Carter et al.
(1990).

Anided definition of coastal dune occurrencesis found in Carter, 1990,
paraphrased here:

Coastal dunes are found above the high water marks of
sandy beaches. They occur on ocean, estuary and lake
shorelines from the Arctic to the Equator...Coastal
dunesfind their greatest expression on windward coasts,
especially where suitably textured sediment is
abundant....The basic requirement is for particles with a
hydraulic equivalence approximating well-rounded, sand
sized (2 to 0.2mm) quartz grains with a specific gravity
inair of 2.65 g cm™. Dunes occur on many types of
shoreline, from low, gently sloping surfaces to cliffed
coasts. Dune formation is a function of sediment grain
size, the characteristics of the beach profiles, and the
wind regime. Dunes form most readily on low angle
shorelines under dissipative (spilling) wave domains,
where the foreshore dries out at |low water or where
swash bars weld regularly onto the upper beach (Short
and Hesp, 1982; Carter, 1986)... The deposition of sand
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is controlled by topography, the presence of obstructions
(litter lines, tree trunks), obstacles, (buildings, seawalls)
and above all vegetation. The role of vegetation in
fixing, trapping and replenishing sediment sources and
reworking the foredunes distinguish coastal dunes from
the majority of active dunesin arid regions.

Oregon’s dune systems
Twenhofel (1946) wasthefirst researcher in the areato carefully study the

actively mobile coastal sediments. He reported on the mineralogy and physical
composition of beach sands, largely quartz and feldspars, from the Columbia River to
Coos Bay. The small percentage of unstable lithic fragments (5-10 percent) and the sub-
rounding of quartz indicated multicycle sediment supplies; i.e., a prolonged history of
transport and abrasion aong Oregon’ s high-energy coastline (Twenhofe, 1946).

The dunes of Oregon, aswell as those in Washington and California, have been
characterized and classified by the works of Cooper (1958, 1967). While there have
been modifications and advancements of Cooper’swork (Hunter, 1980; Hunter et al.,
1983, Fryberger, 1991), hiswork is still widely respected and cited. Cooper (1958)
separated the Washington and Oregon coasts into four regions based on morphologic
features, with these regions further subdivided into distinct localities. The Coos Bay and

Florence dune sheets are an entire region unto themselves (T able 2). Common dunal

features define Cooper’ s regions, with al but Region 1 bearing features of

retrogradation. (Cooper, 1958). The following is a brief summary of the mapping

performed by Cooper (1958); for acomplete discussion of dunal features see Cooper
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Locality 19, Heceta Head and Siudaw River. The mgjority of the dunes are
stabilized. Numerous, disconnected areas of active sand exist throughout
the stabilized central portion. These active areas of sand consist of
transverse dunes or ~500 m long oblique ridges with transverse dune forms
between ridges. Active dipfaces, also known as precipitation ridges, bound
the eastern boundaries of active dunal areas. Approximately 20 percent of
Locality 19 consists of these active sands.
Locality 20, Sudaw River to Siltcoos River. Mgjority of dunes are active.
Transverse ridges dominate active areas, with eastern portions consisting
of oblique ridges (~500-1500 m) with transverse dunes between ridges.
Most of the eastern edge consists of precipitation ridges migrating into
stabilized dunes or forest. Approximately 95 percent of the areais active.
Locality 21, Siltcoos River to Umpqua River. Mgority of the dunes are
active. Transverse ridges dominate active areas, with eastern portionsin
the northern and central areas consisting of oblique ridges (~300-500 m)
with transverse dunes between ridges. Approximately haf of the eastern
edge consists of precipitation ridges migrating into stabilized dunes or
forest. Approximately 80 percent of the areais active.
Locality 22, Umpqgua River to Tenmile Creek. Mgjority of the dunes are
active. Oblique ridges (~300-3000 m) with few transverse dunes and some
partialy stabilized dunes between ridges dominate the dune forms.
Transverse ridges dominate the western portions of the locality. The
majority of the eastern edge consists of precipitation ridges migrating into
stabilized dunes or forest. Approximately 80 percent of the areais active.
Locality 23, Tenmile Creek to Coos Bay. Ratio of active to stable dunesis
nearly 1-to-1. Open, undifferentiated sand and oblique ridges (~300-1000
m) with few transverse dunes between ridges dominate active dune sands.
These two classifications are nearly equal, with transverse ridges
comprising approximately 10 percent of active sands. Approximately half
of the eastern edge consists of precipitation ridges migrating into stabilized
15



dunes or forest. Numerous small |akes are interspersed throughout
vegetated portions. Both active and stabilized dunes are discontinuousin
the eastern half of the locality. Approximately 65 percent of the areais
active.

Since Cooper’ s time of mapping (1936-1965), the coastal dunes have experienced

aggressive vegetative stabilization by introduced European beachgrass (Ammophila
arenaria). This species of beach grass was introduced in the 1930s to stabilize the dunes
to facilitate devel opment and reduce road obstructions (Reckendorf et al., 1987). The
stiff, needle-like blades of European beachgrass prohibit sediment transport during high
wind velocities. Unlike the American beachgrass species (Ammophila breviligulata) that
bows over in high winds, the European grass is adept at trapping sand and then
recovering from frequent burial.

Table 2: Cooper's (1958) division of Oregon and Washington's dune sheets based on
geopraphical and morphological charateristics.

Region 1: Columbia River 15. Yaguina Bay
(Washington) 16. Alsea Bay
1. Grays Harbor North 17. Tenmile Creek
2. Grays Harbor South 18. China Creek
3. WillipaBay Region 3: Coos Bay Dune Sheet
4. Clatsop Plains (Oregon) 19. Siudaw River North
Region 2: Northern Oregon 20. Siusaw River South
5. Nehalem River 21. Umpqgua River North
6. Rockaway 22. Umpqua River South
7. Tillamook Bay 23. Coos Bay
8. Netarts Bay Region 4: Southern Oregon
9. Sand Lake 24. Coquille River North
10. Nestucca Bay 25. Coquille River South
11. Neskowin Creek 26. Fourmile Creek
12. Salmon River 27. SxesRiver
13. Devil’sLake 28. ElIk River
14. Siletz Bay 29. Euchre Creek
30. Pistol River
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Figure 8: The five different localities of the Coos Bay dune sheet, modified from
Cooper, 1958.
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Dune/sediment mapping and descriptions

Cooper (1958) attributed the inland extent of the coastal dunes of the West Coast
to areceptive shoreline, backed by low-rdlief terrain, for which dune migrationis
favorable. Cooper summarized the apparent histories of dune advancement and
reactivation for each locaity he studied. He proposed that the chief method of dune
migration is/was precipitation ridges migrating into established vegetation. Precipitation

ridges were defined as ridges of mobile sand moving over stabilized/forested areas.

are now fully stabilized by forest cover.

B Bt e DA ST IO (e M
Figure 9: Example of a precipitation ridge advancing over aforested area. The
precipitation ridge is behind the storage units and is advancing over the forested area
to theright. Eventually, the dune would likely advance into the established structures,
forcing sand removal and mitigation. Note the buildings in the foreground are built on
a preexisting dune sheet.
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Hunter, et a. (1983) examined the active oblique dunes south of the Umpgqua
River. The authors conclude that the open dunes are not stationary or relict as thought by
Cooper (1958). They found that the dunes migrated mainly in the winter months, despite
the large amounts of rainfall. The north-northwesterly summer winds modify the dune
forms, but do not ater the dune trend. These dunes were reported to migrate at an
average of 3.8 m/yr toward an azimuth of NO26°E (Hunter et a., 1983). If thisrate had
remained constant during the late Holocene (last 5,000 years), late Holocene dunes
would be expected at least 4 km inland from today’ s coastline.

Previous inter pretations of sediment source

There has been much speculation about the source of the dune sands, informal
reports suggest that the sand originated from the Columbia River, Coast Range,
Klamath, and/or Cascade drainages (ODNRA visitors booth, 1998). Cooper (1958)
states that the ultimate source of dune sands could possibly be the Rocky Mountains of
Canada, implying the Columbia River. In thisinstance, however, heis talking about the
entire Oregon coastline, not specifying the Coos Bay/Florence dune sheets, and he left
the ultimate source unconfirmed. In general, mobile dune sand has been assumed to be
supplied from the beachesimmediately in front of the dunes. This assumption has
formed the basis of dune management in the ODNRA since itsinception. If this
hypothesisistrue, then the mgjor dune advances should coincide with sealevel high
stands, following marine transgressions during interglacia periods.

Local Paleoclimate

The paleoclimate of the region plays alarge role in eolian transport in terms of

precipitation and wind regimes. Based on pollen data from Little Lake, in the Coast
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Range east of Florence, Worona and Whitlock (1995) infer that from approximately 17
to 25 ka, the coast range was 50 percent drier than today, and had a mean annual
temperature of 7°C. This dryness would greatly increase the mobility of sand, dueto
less precipitation and reduced vegetative cover.

Wind patterns present in the NE Pacific at the last glacial maximum (LGM) were
different than today, as evidenced by marine microfossil records offshore of the Pacific
Northwest coast (Ortiz et ., 1997). Modeling of winter downwelling of ocean currents
indicates levels much greater than those of today, demonstrating stronger southerly
winds. Comparing the modern simulation value at 43° N latitude for offshore Ekman
transport (~-45) to the ssimulated values at the LGM (~-145), the difference was 100
metric tons/sec/100 m of coastline, signifying much stronger winter downwelling, with
stronger corresponding winds.

Eustatic sea level changes

During interglacia periods, such as at present, eustatic sea level reaches higher
mean elevations. During times of continental glaciation, the accumulation of land-bound
ice at the poles and high latitudes |eads to lower eustatic mean sealevels. Milliman and
Emery (1968) place the lowest elevation of the latest glacial maximum of 16 ka at an
elevation of 130 meters below present sea level. Rapid Holocene transgression likely
began 14,000 years ago and rapidly rose to near today’ s elevation by about 5-6,000 ybp.

Pirazzoli’ s (1993) summary of recent eustatic sealevel work follows that of
Milliman and Emery (1968). Pirazzoli’s LGM low-stand occurred at approximately 17
ka, at an elevation 120 -130 meters below current sealevel. Pirazzoli’ swork differs

from that of Milliman and Emery (1968) by showing that there is much more
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uncertainty in sealevel before 30 ka. While the numerical values for mean sealevel

differ between data sets, what is consistent is that there are many fluctuations between

105, and 120 ka. These high-stands correl ate, respectively, to oxygen-isotope stages of
5a, 5¢, and 5e. During these stages, the eustatic sea level nearly reached the current sea
level. Since then, the deposits associated with these high-stands have been uplifted aong
portions of the Oregon coast to produce distinctive marine terraces (Nettleson et al.,
1982).

Attempts have been made to date the soils on the heavily dissected marine-cut
terraces. The terrace surfaces of interest are the Tenmile terrace, with an elevation of 7-
15 meters and C'* ages of 5,280 to 10,850 RCY BP, and the Whiskey Run terrace, at an
elevation of about 30 meters (Nettleson et al., 1982). Eolian sand is present on the
Pioneer and Seven Devilsterraces, at 60 and 120 meters elevation at Cape Blanco, south
of the study area (Nettleson et a., 1982).

Continental shelf sediment composition

Scheidegger et al., (1971) studied shelf sediment sources and dispersal patterns
based on heavy mineral assemblages. The dispersa patterns of sand show that the net
direction of littora transport had been to the north, for at least the last 18,000 years.
Longshore sand transport has been limited in the last 3,000 years due to natura
obstacles such as resistant headlands. Based on heavy minera analysis of the shelf sand
fractions, Scheidegger et d., (1971) showed that the heavy mineras of the Umpgua
River are the mgor source of heavy minerasto shelf sand located immediately offshore

of the two dune shesets.
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Figure 10: Eustatic sealevel fluctuations and absolute elevations. Note the variation
and uncertainty between 30 and 80 ka. The three lines are those of Chappell and
Shackleton (1986) (A), Shackleton (1987) (B), and Bloom and Y onekura (1985) (C).
Boxes indicated probable errors of age and heigth related to curve C. Modified from

Pirazzoli (1993).

Karlin (1979, 1980) studied the sources of sediment and clay minerals on the
continental shelf and dope off the Oregon Coast. His results indicate that chloriteisthe
most abundant mineral on the continental lope south of Coos Bay, accounting for over
50 percent of the clay minerals detected, by quantitative XRD analysis. From the
Umpqua River south, chlorite ranges from 40-50 percent, and from the Umpqua River
north to Heceta Head, chlorite ranges from 40-30 percent. Smectite (montmorillonite)

increases northward, from 40 to 20 percent, while illite decreases northward, from 30 to

(12 of 28) of the total number samples analyzed off of the southern Oregon coast.
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Figure 11: Relative abundances of smectite (montmorillionite), illite, and chlorite on
the continental shelf and slope of Oregon. The boxed areaisthe field area. Modified
from Karlin, 1980.

Soils

The definition of ‘soil’ for this study isthat of Joffe (1949): a natura body

consisting of soil layers (horizons) of mineral and/or organic components that differ

from the parent material in their morphological, physical, chemical, and mineralogical

sufficient amounts of silica, carbonates, or iron oxides to be cemented. High rainfall,
salt-water mist, acidic soils, and warm temperatures contribute to hasten the soil
formation process on the coast (Birkeland, 1984).

Many of the soilsin coastal southern Oregon have low pH, high organic carbon,
and abundant Al in exchange sites (Bockheim et a., 1996). Nettleson et al. (1982) found
that the marine terraces at Cape Blanco displayed sequentially more-devel oped (mature)
soil profiles on the Tenmile (7-15 meters eevation), Whiskey Run (30 meters
elevation), Pioneer (60 meters elevation), and Seven Devils terrace (120 meters

elevation). The mgority of these soils formed on the marine terracesin the area are
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either Inceptisols or Spodosols (Nettleson et a., 1982). The terrace soils display
developmenta progression from Spodosols, to Spodosols with clay-rich horizons, to
Ultisols (Bockheim et al., 1996). Spodic horizons are eventually masked by clay
accumulation from in situ weathering, neoformation of clays, and clay trandocation
(Bockheim et a., 1996). The primary age- related trends include increasesin relative
abundances of silt and clay, ratio of quartz-to- feldspar in very fine sand fractions, and
increasing amounts of dithionite-extracatble Fe and Al and crystalline forms of Fein the
profile with increasing duration of development (Bockheim et al., 1996). The moisture
regimeis udic and the temperature regime isisomesic (Langley-Turnbaugh and

Bockheim, 1997).

O and A horizon,
organic rich

E.leached

Bw. mcipient B horizon

B, Fe, clay accumulation

Cox, oxidized partent material

C, parent material

Figure 12: Soil horizon nomenclature used in this thesis.

If the more landward dunes are age correl ative with these earlier and uplifted

marine terraces at Cape Blanco, then their easternmost ages should correspond to the
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older high stands of 80, 105, and 120 ka. Alternatively, the greater amount of soil
development on the older and higher terraces might represent longer periods of exposure
to soil-forming processes. That isto say, the more westward and younger dune soilson
the lower terraces might represent less or degrees of soil development due to multiple
dune sheet advances, thus resetting the “weathering clock” with each successive
advance.

Anthropol ogy

Accurate landscape reconstructions are essential for archaeological studies. First,
they assist in predictions about site locations and expected ages of remains found on
different surfaces. Second, accurate reconstructions promote the understanding of the
environmental context in which past people lived and potential ways humans responded

to environmental change. Minor and Toepel (1986) examined a midden Site at western

summarizes the Minor and Toepdl’ s interpretations based on marine species found in the
midden. Their interpretation of why inhabitation ceased involved dune encroachment
blocking an outlet of a pre-historic estuarine Tahkenitch Lake, limiting the number of

marine species available at/near the midden site.
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Table 3: Findings and interpretations of Minor and Toepel (1986) at an archaeological
site on the western shore of Tahkenitch Lake.

Component Inhabitation dates and findings
Component | 8000-5200 RCYBP
Saline species; interpreted as estuary; inhabited as afishing camp
Component || 5200-3000 RCYBP
Abundant shallow-water saline species (molluscs), whale bone;
village
Component 111 3000-historic

Occupation now sparse (historic canoe landing)...dunes blocked
proposed esturine outlet creating current lake

et \\ Y - ~ %

“Tak entich Landing midden site

“' Tahkenitchl'ake

Hwy 101

e

4
UmpguaRiver \Y‘\ <
’ Waterbodies '
Linear dune features
N Roads
2 0 2 4 6 Kilometers

Figure 13: Location Map of the Tahkenitch Landing midden site.
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Methodology

The Methodol ogy section, as well as the results section, will deal with three
subjects. In order, they are 1) surficia physical and geomorphologic duna features, 2)
dunal subsurface features, and 3) age dating techniques.

Sand source

The source of the dune sands, as stated earlier, has been hypothesized to be from
the Columbia River, Coast Range, Klamath, and Cascade drainages (ODNRA visitors
booth, 1998). To obtain constraint on the sand source, heavy mineral analysisand grain
size analysis was performed on samples from the dunes and surrounding rivers.

Heavy mineralogy
Grab samples were taken and analyzed in 1995 by Dr. Curt Peterson from 13 sites

in and around the Florence and Coos Bay dunes sheets (i able 4). They were analyzed
by 300 random grain counts of mounted dides by means of a binocular petrologic
microscope. The heavy minerals are separated by settling through Na- pol ytungstate (3.0
g/cm®) and are within in the size range of 250-75pm. The minerals analyzed for were
augite (Coast Range province), hypersthene (Umpqua River draining andesites of the
Oregon High Cascades), common hornblende, and blue-green (metamorphic)
hornblende (Umpqua River tributaries and other rivers south of the Umpqgua draining
high-grade metamorphic rocks of the Klamath) (Scheidegger et a., 1971). Normalizing

heavy mineral quantities should group sands from sampled areas to the likely source

river.
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Table 4. Locations of samples obtained for heavy mineral analysis.

Sample Site and Location Sample Site and Location Sample Site and Location
Modern rivers Moder n dunes, south of Florence Dune paleosols

Coos River Foredune Treeidand 1, S of Florence

4801500 N 407000 E 4861600 N 407700 E 4862150 N 409400 E
Umpgua River Deflation Plain Treeidand 3, S of Florence

4838700 N 416600 E 4861600 N 408100 E 4862000 N 410800 E
Siuslaw River Treeidland 4, S of Florence

4870300 N 416000 E 4862300 N 409950 E
Treeidand 10, S of Florence

4861900 N 409600 E

Grain size analysis

Laboratory procedures

Dry-sieve analysis was performed on all samples, using the following procedures.
A dried sample (50-100 g) was sieved through aW. S. Tyler RX-86 sediment shaker for
five to seven minutes. These procedures werein general accordance with ASTM
standards D1188-54 (quantities to be shaken) and D422 (time shaking). United States
Standard Sieve sizes used included the 35, 45, 60, 120, and 230 (500, 355, 256, 125, and
63 UM opening sizes respectively). The sieved sample was then weighed to the nearest
tenth of agram for each sieve. Each sieve weight was then calculated as weight percent;
subsequent cumul ative percentages were plotted (Prothero and Schwab, 1996). The
difference between start weight and summed sieve weight was recorded as loss and was
negligible for al samples.

If the sample contained significant (>10 percent) silt and clay, hydrometer analysis
was performed, using type 152H hydrometers. The weighed, oven-dried sample was wet

sieved in the aforementioned sieves after sitting overnight in sodium
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metahexaphosphate, (NaPOs)s. The material passing through the 230 sieve (63 um) was
then placed in 21000 mL settling tube, mixed, and measured in general accordance with
ASTM 422.

Data processing

The mean grain size for each sample was calculated by dividing the sum of the
product of weight percent (wt percent) and size class (gz) by the sum of weight percents,

Wt %
mean :M Equation 1

zwt%

Thisisnot the traditional graphica mean obtained from the cumulative percent chartsin
phi units as described by Prothero and Schwab (1996). Rather, thisis adirect method of
obtaining the mean.

Surficial and subsurface dune morphology

The information gathered for the morphology of the surface and subsurface was
provided by surficial lee-dlope azimuth analysis for dune migration analysis and
subsurface information is provided by vibracoring and drilling viaa solid stem auger in
the deflation plain as discussed in the following sections.

Dune azimuth analysis (GIS based)
The U.S. Forest Service, Siudaw District, provided al GIS datafor thisanalysis.

Dr. Errol Stock supplied air photo interpretation to the Forest Service, which then
transferred the interpretations to the GIS database. Interpretations are from 1:12,000
USFS air photos taken in the summer of 1989. The raw azimuth data are shown in

Appendix B.
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Modern and prehistoric dunes display |ee-dope morphology that can be

used for this thesis was entered into the database asfitting into one of 32 possible
azimuth classes (012°). Azimuths are oriented to true north and are current (at time of
photography) transport directions based on lee-dope interpretations. Original photos are
available through the US Forest Service, Siudaw Didtrict.

Dune azimuth analysis

The emplacement directions of the dunes play an important role in emplacement
interpretation. Azimuths of generally active dunes (western section of the dune sheets)
and generdly stable dunes (eastern portion of the dune sheets) were compared, as well
astrends indigenous to Coos Bay and Florence dune sheets.

Typical parabolic dune Typical transverse dune

toe of lee slope
crest
toe of stoss slope

toe of stoss slope

imuth nf/

dune migration

Figure 14: Schematic illustrating the interpretation of azimuths from lee-slope
morphology.
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The primary portion of the analysis utilizes agrid overlay. Thiswas performed on
the azimuth points of the ODNRA point data set. The grid data was then imported into
to Microsoft Excel for statistical tests. More detailed descriptions of these procedures
are discussed below.

Grid analysis

A one-kilometer by one-kilometer grid was generated and placed over the azimuth
data. The average azimuth (true north) for each cell was calculated in ArcView 3.1, the
GI S software package used for this analysis. The chief weakness of this analysisisthat
cells with only one data point were weighted equally as those with 25. This weakness
was present in subsequent procedures performed on this derived data set. Considering
this weakness, this method should be used in conjunction with other data and analyses,
and not solely relied upon.

Satistical tests
The primary statistical test for directiona datais Rayleigh’stest (Davis, 1970;

Swan and Sandilands, 1995). Thistest examines the presence of apreferred trend in the

data. Thistest consists of finding R, (the resultant mean length of vectorsin the field)
which is ameasure of the relative strength, thus the significance of the mean derived

azimuth. Thistest was performed on the average azimuth per one square kilometer data

set, thus passing on its bias as discussed earlier. R isdescribed as below:

§=1J§dn6ig+gzcoseig Equation 2
n\os | B U

= where R isthe test Satistic

* nisthe number of samples

31



= @ isthe average azimuth of the cell, with respect to true north

Also calculated was the azimuth of the mean resultant vector,

@ =tant sind Equation 3
- Zcos@ f

and the azimuth confidence interval (95 percent), confidence = 0+ 1.96s,
1
VNnRK

» and K isaconcentration parameter related to R (Appendix 2.13, Swan

= where s, =

and Sandilands, 1995).

Individual analyses were performed on the entire data set, cells of the eastern (stable)
and western (active) portions, and on cells of the Coos Bay and Florence dune sheets.

Subsurface investigation

Vibracoring

Vibracoring of the deflation plain deposits between Goose Pasture and the Siltcoos

Sedimentary structures, such as dune foresets or beach face laminae, were used to
discriminate between eolian or beach progradation origins of the deflation plain sands.
The vibracores were a so examined for the wood or shell material to be used for later
radio- carbon dating. Finally, the bottom sections of the vibracores were |eft sealed in
darkness, for eventua submittal to a TL dating facility.

The sedimentary structure of the sediments underlying the deflation plain will

reveal the sediment source of active dunes east of the deflation plain. Thiswill assist in
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the interpretation of source of the now-stable precipitation ridges and advances
discussed by Cooper (1958). If beach sediments underlie the deflation plain, then the
sediment source for dunes east of the deflation plain are likely derived from beach
sands. However, if dune sands underlie the deflation plain, then the sediment sourceis
likely recycled dune sand.

The vibracore unit is comprised of a concrete shaker bolted to aluminum irrigation
pipe, mounted on atripod. Portland State University, Geology Department’ s vibracore

tripod is mounted onto atraller suitable for highway, or off-highway use when attached

sedimentary structure would be destroyed by vibration, and the suction required to
retrieve the core is not obtained in dry sand.

Vibracoring in the deflation plain of the Florence Dune took placein late fall/early
winter 1998 due to the requirement of a high water table. The three sites were chosen
based on accessibility and position in the deflation plain. They came from immediately
behind the foredune, mid-portion of the plain, and one at the eastern edge of the

deflation plain vegetation. All core logs are drafted usng Adobe Illustrator v.7.0.
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Figure 15: Vibracore setup on the deflation plain. A TL sample was extracted from
thissite (SD2).

Drilling

A solid-stem auger was utilized to drill to greater depths (3-10 m) in the deflation
plain. The drilling was performed by Oregon Department of Transportation using a
CME 75 rotary auger. Courtney Cloyd (USFS) and this author performed core logging
by laying the auger threads on a plastic tarp for inspection. The auger materials were cut
from the threads and laid on the plastic tarp for description, photographing, and sub-
sampling. 10.7 meters (35 feet) was the maximum depth achievable due to available

equipment.

Sand thickness and depth

Existing water well 1ogs from representative sites in the Florence and Coos Bay
dune sheets were examined to constrain dune sand depth and isopach thickness. The
components of this study are 1) awell log search, 2) selection from State of Oregon
archiveswell logs, and 3) the use of global positioning systems to pinpoint the location

and elevation of the wells. The details of each are in the following sub-sections.



Well logs

The Oregon Water Resources Department’ s online database was used to search for
relevant well logs. The methods used to select well logsin the areainvolved first
consulting USGS topographic maps to find what townships were in the study area. The

study areawas defined geographically, with Heceta Head to the north and Coos

boundaries were chosen based on the expected extent of the dunes. The relevant
township and range boundaries were then entered into Oregon Water Resources’ online
well log retrieva system (GRID) and abridged well details were then displayed.
Downloading the well log was dependent on the depth, since information on the depth
of the sand-bedrock contact and thickness was sought after.

131 well logs were retrieved in this manner. Time and funding restrictions
disallowed all the wellsto be entered into the GPS database, requiring the formulation
of criteriafor the proper narrowing down of the wells had to be formulated. Selection
criteriaincluded locatable (and legible) addresses printed on logs and well depths that
could indicate the sand/bedrock contact. In order to attempt GPS control on the
wellhead, selected well logs had to contain information that displayed significant
patterns that would not have been observed otherwise. In areas sparsely populated with
wells, some criteriawere ignored. This reduced the number of wellsto be located to
about 50.

After locating the wells, a Trimble GeoExplorer 11 GPS unit was used to collect

high-accuracy phase data for the required time interval of ten minutes. If possible, the
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GPS unit was placed directly on the well. When this was not possible, it was placed as
closeto the well as possible and recorded in field notes.

The data were collected using GPS phase data and differentialy corrected with the
Trimble Pathfinder Office Phase Processor to obtain horizontal control to + 1m and
vertical control to an unspecified certainty, although all but one elevation was found to
be accurate when compared to USGS topographic maps at a 40-foot contour interval. By

the end of the survey, 21 of the selected 50 wells were surveyed with GPS equipment;
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Figure 16: Location map of the 21 wells located with global positioning equipment
Horizontal datum is NAD27 and vertical datum is WGS84 international feet.
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Age dating
Age dating of the dune deposits is accomplished with qualitative anaysis of soil

profiles (relative dating) and with TL and **C dating of sands and organic matter. Soil
mineralogy is also considered for age dating and dune emplacement, in that particular
weathering products are indicative of weathering sequences. Grain size work described
above is also considered for the weathering of sand to silt/clay in the soil profiles. See
the following sections for more detailed descriptions of these methods.

Soil characteristics

Soil profile samples collected from the reconnai ssance mapping work (see
Background) were analyzed for grain size, pH, and color. Characteristics of soil profiles
relative to a particular field area are good indicators of relative soil development
(Terhune et al., 1986). The development of soil profilesis useful in correlating soils of
known ages to undated soils (Harden et al., 1988). There are many types soil of indices
that can give qualitative and quantitative results from soil characteristics (Birkeland,
1984). Better indices rely on soil color changes resulting from the pedogenic
development of the profile. There are three color indices commonly used today
(Birkeland, 1984). They are the Buntley-Westin, Hurst, and rubification indices
(Buntley and Westin, 1965; Hurst, 1977; Harden, 1982a; Harden, 1982b). All are
similar in that the Munsell colors are converted into asingle numerical vaue; however,
the Buntley-Westin index only uses dry colors, while Rubification uses both wet and
dry. Two indices, the Buntley-Westin index and the rubification index, are used in this
project (see Background). They were selected because both still increase with increasing

age (>5,000 years), while the Hurst index becomes asymptotic near 5,500 years (Figure
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17) (Miller and Birkeland, 1974). The implications of using these types of analysesis

further discussed in the Discussion section.
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Figure 17: Examples of Hurst (Hu), Buntley-Westin (B-W), and rubification (Ha)
values with time in Holocene soils. The soil sequence is from Wind River Mountains
in Wyoming, USA. Modified from Birkeland, 1984.

Munsell soil colors

Dr. Errol Stock of Griffith University of Brisbane, Australia, identified Munsell
soil colorsfor each sample from each core site. Two colors were taken from each
sample, wet and oven dried. The wet color was taken from a sample that was wetted so
that each grain was coated but the sample was not oversaturated such that water would
not freely flow from the sample. The methods in which these colors were utilized are
addressed below.

Harden's soil maturity index

The different analyses utilized in this thesis, as described by Harden (1982) were

melani zation (decrease in color vaue), tota texture (maximum grain size change

between samples within a soil profile), and rubification (increasein color chroma). With
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thisindex, one can use astandard soil field description of a soil chronosequence and
find relative ages of soils of the chronosequence. Jenny (1941) described a
chronosequence as a series of related soils developed when al development factors,
except time, are held relatively constant. While not every soil development factor in this
study is held absolutely constant over the compl ete duration of pedogenic devel opment,
for the purposes of thisthess, it is assumed that the concept of a chronosequenceis
upheld.

Buntley-Westin color index

The Buntley-Westin color index is aso used, which involves a hue with a
numerical assignment multiplied by the chroma. Thisindex is applied as described by
Birkeland (1984) and Buntley and Westin (1965).

Penetrometer

A hand-held pocket penetrometer was used to estimate the unconfined

compressive strength of the soil mass by resistance by the soil to the application of a

given by this device are only approximates of the actual soil cohesion, and do not

replace laboratory testing.

Figure 18: Photo of a pocket penetrometer.
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Radiocarbon and Thermoluminesence dating

Timing of dune emplacement is the most important aspect of this study. Therefore,
dating of the dunes plays avital role. The criteriafor choosing samples to be dated were
based on location. Deflation plain sites were sel ected to test Hol ocene progradation.
Most other samples were at the eastern extent of dune sheets. This provides an age for
the easternmost advance of eolian sand, and consequently a maximum dune age in the
locality.

TL dating

Thermoluminesence (TL) dating techniques provide an estimate of the last time
that the quartz and feldspar grains were last illuminated by light. Therefore, this
technique gives an age of long-term buria. Since a basal sand sample could not be
obtained, TL dates represent an age that signifies long-term stability. This dating method
is best suited for eolian environments, since the grains are sufficiently exposed to
sunlight to nearly completely reset their luminescence signal prior to burial (Clarke et
a., 1999).

A typical TL sample site from aroad cut would be bored out with an auger near
the bottom of the dope, then a TL sample would be extracted from a cored (auger or
vibracore) sample from the bottom of the hole under black plastic sheets. The TL
samples were protected from light at all times. The extraction of samples from thefield
has to be performed with caution, since any light contacting the sample could skew the

dates. Therefore, alarge, light-tight tarp was placed over the person extracting the

both vertically and horizontally. The sample is then wrapped in aluminum foil, plastic
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and sent to Wollagong University labsin Austrdia. If the sample was extracted using a

from the bottom of the pipe, then both ends were wrapped in layers of aluminum foil
and sent to the dating labs. Huntley et al. (1985) and Berger (1988) describethe TL
dating process.

Radiocarbon dating

Carbon-14 dating was used at three sites (CG1, tree stump and TI11-1 and T11-3,
carbon). In the field, the sample for dating was double wrapped in plastic or aluminum
foil and later frozen for preservation. After the sample was thawed, it was oven dried for
12 to 24 hours, and sent to Beta Analytic. At Beta Analytic, each sample was pretreated

with an acid (HCl) and an alkali (NaOH) wash.

i
-
e

Figure 19: The extraction of samplesto be TL dated involved this large tarp, which
blocked light from reaching the sample. Thisis Dr. Errol Stock checking conditions
before setting up to extract a sample.
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Clay mineralogy
Mineralogy of clay mineralsis an important source of information on the source of

clay as either originating from pedogenesis or eolian transport. The identity of clay
minerasin the soil profile will be identified from X-ray diffraction and microprobe
analyses of clay coatings of grains. Samples were selected based on dated sites (HS1
and NW1) or on unrecognized morphological features (MEL) (i.e. clayey white nodules
in duna cross-beds).

Digital Photomicrographs
Soil and paleosol samples were photographed (at 24x magnification under direct

light), washed under running water for 15 minutes, dried, and re-photographed (at 60x
magnification under direct light). Thiswas performed to display the underlying texture
of sand grainsin soil profiles.

X-ray diffraction methods

The summarized methods of deriving the clay-sized fraction from the bulk soil
sample are asfollows and are fully described in Moore and Reynolds (1997).

Soak the samplein distilled water overnight.

Sieve the sample to separate out the sand and root material.

Apply dispersant (sodium metahexaphosphate) to flocculating surries.

Settle the undesired size fraction under the influence of gravity using Stokes Law.
Transfer desired size fraction (<2um) to glass dides from sediment separated out by
micro-pore filters and a vacuum pump. Thiswill produce oriented dlides.

Place under diffractometer and run the sample from 2° to 35° 20 at 1°/minute. The
diffractometer used isaPhillips X Pert X-ray Diffractometer recording digital data.
Settingsfor kV =40, mA = 30.

7. Usevisua anaysis and the computer database to solve for which minerals are
present and run additional analysis with glycolated and oven dried samples as
needed.

agrwbdE
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Microprobe methods
Microprobe analyses of fresh, broken soil peds were performed at Oregon State

University’s College of Oceanography. The instrument utilized was a Camica SX50
four-spectrometer electron microprobe operated by Heather Petcovic under the direction
of Dr. Roger Nielsen. The freshly broken soil peds were mounted on graphite tape and
carbon coated. The reflective analyses were performed on ped surfaces from two
different sample sites (MEL and NW1). These samples were selected based on one
having aTL age at the time (NW1) and the other displaying unrecognized

morphological features (MEL).



Results

In the Results section of thisthesis, | report on new work involving 1) dune sand
sources, 2) dune sand morphology, 3) paleosol/soil development, and 4) dune sand age
of emplacement. Due to the large scope of this thesis, this Results section includes brief
interpretations of data. The Discussion section is restricted to specific aspects of source,
transport, timing, and mechanics of dune sand emplacement.

Dune sand sources

Scheidegger et a. (1971) performed mineral analysis of continental shelf sandsin

..........

shelf sand was sediment from the Umpqua River, while sand to the Coos Bay inner shelf
is supplied from the Klamath and Coast Range terrains. The grain size and additional
heavy mineral analyses performed for this project extends the coastal sand source
analysisto the origin of the onshore dune sands.

Heavy mineral analysis
Heavy minera separation and anal yses were compl eted to establish the

provenance(s) of the dune sands (see M ethods). Samples were analyzed from the Coos,

and Table 6). Following the work of Scheidegger et a. (1971), the following mineras
were counted to establish Coast Range (augite), High Cascades (hypersthene), and/or
Klamath Terrain (metamorphic amphiboles, i.e., blue green hornblende, actinolite, and
tremolite) sources. This analysis revealed that al but one of the dunal sites contained
normalized hypersthene/ pyroxene ratios (1.1/1.0) similar to those of the Umpqua River

(1.2/1.0), and not similar to those of the Siuslaw (0.1/1.0) or other minor riversin the
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area. The one exception isfrom adunal site near the north end of Coos Bay. It isclose

illustrates normalized percentages of augite, hypersthene, and hornblende. A statistica
analysis of the normalized hypersthene ratios of duna samplesyielded a3 percent
standard deviation about a mean of 39.6 percent. The Umpqua River sample fits within
the 3 percent standard deviation of the dune samples. The largest range in normalized
metamorphic ratios for the dune samples partly reflects the small number of grain
counts. Larger sample grain counts are needed to establish any trendsin this variable. In
addition, nearly al of the dune sample sites were from the Florence dune sheet, north of
the Umpqua River; therefore, the Coos Bay dune sheet is under-represented in this
anaysis. Finally, these samplesreflect surficia deposits of either Holocene or late
Pleistocene age (see Discussion). No samples from basa dune deposits (earliest dune
advances) were anayzed in this study.

Grain size analyses of the dunes in the area
Grain size analyses of the dune sand samples were performed to establish potential

trends in size across the dune fields and identify the presence of paleosols (see
Methods). The samples were collected from road cuts and shallow auger borings (Figure !
21). The results show dune-wide trends, aswell as confirming paleosolsin cores. Sand

auger coresthat displayed visua evidence of silt- and clay-rich layers contained

corresponding intervals of decreased grain sSize per sample, mid-core for paleosols and

separations used in this study.
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Table 5: Results of grain counts (300 counts per sample) on grab samples of sandsin

and around the Florence and Coos Bay dune sheets.
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Figure 20: Ternary diagram with normalized heavy mineral percentages and end
members of the distictive mineralogical signatures discussed in the text. Note the
grouping of dune sands around the Umpqua River sands. Some data as indicated
above from Scheidegger et al, 1971.

Table 6: Normalized heavy mineral ratios.

. . Total
Sample Site Augite Hypersthene Hornblende
Modernrivers
Coos River 60 % 5% 35%
Umpqua River 35 41 24
Siudaw River 65 4 31
Modern Dunes just south of Florence
Foredune 39 39 22
Deflation Plain 38 35 27
Dune paleosols
Treeidand, Sof Florence 1 34 43 23
Treeidand, Sof Florence3 36 42 22
Treeidand, Sof Florence4 37 41 22
Treeidand, Sof Florence1l0 36 39 24
Coast Guard Station, Florence 42 37 21
N. Woahink Road 32 39 29
North Beach Siltcoos Lake 35 40 24
Dunes near Coos Bay 51 21 28
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Figure 21: Location map of shallow core and road cut sites used in grain size analysis.
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Figure 22: Mean grain size per sample decreases down the depth of the sand auger
cores. The decrease in grain-size correspondes to silt- and clay-rich paleosols. Auger
core GOL1.

Trend surface analysis of mean grain size per core, with data layers for soils and

paleosols removed, revealed a dtatistically significant trend of grain sizes becoming finer

UTM coordinates used. To remove this bias, the trends analysis was a so performed

with the coastline angle removed. This further trend surface analysis al'so demonstrates a

When separated into two individual dune sheets, the Coos Bay sheet shows a strong

trend of fining to the north, but the Florence sheet shows no net fining to the north.

trend of fining to the northwest is likely biased by the small variation in E-W location
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sitesversusthe large variation in the N-Slocation sites. Additiona work is needed to
establish any significant E-W trendsin grain size in the ODNRA. Interpretations of the
decrease in sand size to the north, both in the overall trend and in the Coos Bay dune
shest, are presented in the Discussion section.

Surficial and subsurface dune morphology
Geospatial analyses

Modern and prehistoric dunes display |ee-slope morphology can be interpreted and

azimuths should reflect dominant wind directions. Transport directions might change
between interglacial and glacia time or between modern and recent times. The potential
variance of dune transport azimuths between modern, active dunes, and vegetated or
stabilized dunes needed to be established. Additionaly, these results are highly
dependent on the 32 classes used to record azimuth data to the GIS database. To test
these possibilities, a geospatial analysis of dune azimuths with the aid of a GIS system
was utilized. This analysisincorporated aforementioned air photo interpretations by Dr.
Errol Stock as presented in GIS coverages provided by the USDA Forest Service (see

Background and Methods).
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Figure 23: Trend surface analyses for first-order trend surface analyses on core mean
grain size for origina coordinates (top), coastline linear trend removal (middle), and
each individal dune sheet with liner trend removed (bottom). Data contours are shown
in 0.01 mm intervals. Mean grain size drops from greater than 0.23 mm in the
southeast sites to less than 0.14 mm in the northwestern sites. Mean grain size
decreases to the west and to the north.
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Table 7: Results of ANOVA test for statisitcal significance of the first order trend
surface. Hyp = the trend displayed is not statitically significant. Level of confidenceis
95 percent.

Ho accepted or
Trend surface F—datistic  Critica F rejected?
First order trend surface 9.29 2.02 Reected
First .order trend surface with 9.29 200 Rejected
linear trend removed
Horence d“”tf :]‘set wiolinear ) »y 373 Fail to reject
Coos Bay dune sheet w/o 15.16 2.79 Rejected
linear trend

The grid analysis of current dune migration azimuths per one square-kilometer

azimuths show &) strong east-southeast transport, b) secondary localized trends of
northeast of south east transport in the modern (active) dunes and, c) very locaized
corridors of north or south transport in the modern (active) dunes. The variable azimuths
suggest strong topographic/vegetative control of dune advance rather than simple
dominance by northwest summer winds (transport to the southeast) or southwest winter
winds (transport to the northeast). The bi-directional seasonal wind patterns likely add to
the transport complexity. To establish whether prehistoric (stabilized dunes) and historic
(active dunes) conditions differed from one another, some additional statistical tests
were performed on the azimuth data. These test were aso used to test whether lee-dope
azimuths varied between the Florence dune sheet (north or the Umpqua River) and the
Coos Bay dune sheet (south of the Umpqua River).

Rayleigh’ stest resultsindicate that in al cases, the null hypothesis of the k > k-
critical was rejected where K, the concentration parameter, is a measure of how clustered

the datais (see Methodology). Clustered data sets indicate significant trends in the
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directional parameter measured. Higher K’ s correspond to a smaller spread about the
mean (greater clustering around the mean resultant azimuth). All sample subsets

(north/south of visual break point, stable versus active areas) displayed a significant

well asmost other parameters, were nearly the same. When examining the rose diagram

(Figure 25) of azimuth data, one would expect that even if the resultant azimuths were
nearly the same, then surely the mean resultant length (ﬁ ) would differ. Nonetheless,

the only findings that changed were the critical R value and the azimuth confidence
interval, both of which are affected strongly by n. In summary, the entire combined data,
aswell as all sample subsets, displayed statistically significant lee-dope azimuth trends,
with small differences between subsets.

It should be noted that the bi-directional wind patterns for this section of coast

were photographed. These photos were taken in summer of 1989 and therefore could
display abias (on the western, active edge) to the southeast.

In summary, the dune transport azimuths from the air photo GIS data demonstrate
very complex transport directions, likely based on local topography, not on regional
wind regimes. At the regional scale there are no net differences between modern and
prehistoric or between northern and southern dune lee-dope azimuths. These results
appear to contradict atrend of net northward transport as indicated by adecreasein sand
size to the north (see previous Results section). This possible contradiction is addressed

in the Discussion section of thisthesis.



Table 8: Summary of results for the GIS azimuth analysis for 1-km? grid cells for all
azimuth data, and separated based on dune sheet (Florence and Coos Bay), and east-

west placement.

Statistical test azi?r:Lth Florence %(;(;S Western  Eastern
parameters data sheet heet cels cels
n 181 113 68 116 65
R 0.78 0.55 0.57 0.61 0.62
99 t confid
percent CoMAaence 4 16 0.22 0.28 022 028
level for R
Ho rgjected or accepted? Regected Reected Regected Regected Reected
K 2.65 1.29 1.36 1.56 1.60
Azimuth of mean 135° 134° 137° 141° 146°
Azimuth confidence o o o o 0
interval (95 percent) 5.8 125 15.5 10.7 13.9
Azimuth Ranae 129.5- 121.8- 121.5 130.6- 132.0-
9 141.1° 146.8° 152.5° 152.0° 159.9°
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Figure 24: Mean dune azimuth per one sgaure-kilometer grid cell. The azimuths
represent the direction of present or past dune migration. The eastern-most edge of the
grid is representative of stabilized dunes, since few dunes are active that far inland.
The stablized dunes’ directions of transport are shown by bold arrows. Mean dune
transport azimuths along the western edge are shown by the lighly shaded arrows.
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Figure 25: Rose diagram for dune azimuth analysis. Note the dominance of southern
transport direction in the Coos Bay sheet and the western cells, and the more easterly
direction of transport for the eastern (stabilized) cells and the Florence sheet.

Vibracore

Vibracoring was performed to determine what units the deflation plain is founded
upon. The nature of these units should provide insight into the origin(s) of the active
sand belt. Specificaly, does the sediment upon which the deflation plain is founded

represent progradation or deflation of previous dune sand? The vibracore sub-surface

bedded, fine-grained, well-sorted sand to depths of ~3 meters (Appendix C). There were
multiple foreset beds displayed in the cores. All but one of the cores had nearly the same

grain sizein the top as the bottom, and al with the same apparent mineralogy from top
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of the vibracore sites. Appendix C contains the grain-size separations and the core logs.
The western-most site (SD1) contained shells, likely beach overwash materials, at the
bottom of the core. A larger mean grain-size in GP1 suggests that this portion of the
deflation plain rests upon beach sands. Therefore, the modern fordune appearsto overlie
Holocene beach deposits. TL dating of deflation plain subsurface depositsis discussed

in alater Results section of thisthesis.

= ¢ usd .
Figure 26: Photos of vibracore sites. Clockwise from top left: SD1, SD2, and SD3.
SD1 taken immediately behind the foredune, SD2 from the eastern edge of the
deflation plain, and SD3 from the approximate mid-section of the deflation plain.
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Figure 27: Location map for vibracore sites.

Table 9: Summary of vibracore results. Italicized data from USGS topographic maps,
rather than GPS equipment.
Core Morphogtratigraphic  Northing Easting Meangran  Mean grain size

position (m) (m) sizetop (mm) bottom (mm)
gp1 'Mmediatdy behind - 4osna03 407746 0.12 0.15
foredune
At the eastern edge
SD2 of vegetated 4860915 408418 0.12 0.12
deflation plain
spg Midsedtionofthe  4oq5a77  4op4gg 0.12 0.13
deflation plain
Western portion of
GP1 the deflation plain 4867450 408650 0.13 0.25
GP2 Eastern deflation 4867450 409450 0.12 0.12
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plain

Drilling
Drilling viaasolid stem auger was needed to extend the depth of the vibracore

borings. Specifically, deeper borings were needed to establish whether the apparently
“young” shallow sub-surface dunes overlaid Pleistocene marine terraces or Holocene
progradational beach deposits. Drilling in the deflation plain south of the Sudaw River
and south of the Umpqua River yielded penetration depths of 10.6 meters (35 feet). The

Siudaw River siteswere at the Goose Pasture ATV staging area on the South Jetty Road

meters (30 feet) of depth and increased in relative percentage with depth. The clay was a
gray color and cohesive. Core GP3-b contained brown silt and clay rich sediments and
organics between 9.8 and 10.4 meters (32 and 34 feet) depth, which was archived for
potential future C** and XRD analysis. Core GP4 contained fine sand to 7 meters (23
feet) of depth where the sand was then much coarser, well packed, and contained
rounded shell fragments to the end of core, 10.7 meters. This seaward-most siteis
interpreted as a progradational beach deposit.

In summary, the modern deflation plain appears to be composed of arelatively
thick (10 m) deposit of Holocene dunes, based on the lack of well-developed paleosols
(seelater Results section of thisthesis). Unfortunately, the drilling on the eastern side of

the modern deflation plain stopped short of establishing the nature of the “platform”

60



units underlying the Holocene dune deposits. Deeper borings, located further inland, are
reported in the next Results section of thisthesis.

Table 10: Morphostratigraphic position and UTM locations for solid stem auger
drilling sites.

Morphostratigraphic ~ Northing Easting

Core position (m) (m)
~150 m behind
GP4 foredune 4867340 408690
At the eastern edge
GP3-b of deflation plain 4867240 409410
upz  “10Ombehind on6ah 402410
foredune
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Figure 28: Location map of drill sites. Drill sites are |abeled GP4 and GP3-b. GP4 is
approximatly 120 meters east of the foredune backedge and GP3-b is approximatley
1100 meters east of the foredune, and west of the eastern dune ridge. Both GP4 and
GP3-b are northern drill sites. The southern site, UD2, is south of the Umpgua River.
The siteis about 100 meters from the lee side of the foredune.
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Figure 29: Summary boring logs from the solid stem auger drilling of the deflation
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contact with bedrock in UD2. Modified from Cloyd, unpublished data, 2000.



Sand thickness and depth
Wl logs were examined to establish the total thickness of the dunes and elevation

of basal contacts. Water well records were used due to the relative abundance of wellsin

the area and the coverage they provide, particularly around Florence and Coos Bay. The

contact elevations in the north reflects the channel/mouth of the Siuslaw River
meandering through time on the | ate Pleistocene/Hol ocene coastal plain. If the basal
contacts are on marine wave-cut platforms, then higher elevations of the sand bedrock
contact to the south could imply tectonic uplift to the south. Supplementary data on the
wells, including state well log number and street addresses are presented in Appendix D.
Some sand-bedrock contact depths are minimum depths, since the well did not reach

bedrock. A modified fence diagram displaying the sand-bedrock contactsis shownin

interpretations from the drillers’ description of the lithology down core. For example,
many logs contained descriptions of “blue sand” or “coarse sand.” These sediments are
interpreted to be beach or estuarine sand. Descriptions of “fine sand” are interpreted as
dune sands. Discrete clay layers within sands in the well log are interpreted as paleosols.
ANOVA analysis on the linear regression of sand depth and sand thi ckness concluded

that both linear trends of increasing sand thickness and increasing sand contact depth to



Table 11: UTM coordinates for wellsin the ODNRA (NAD 27, Zone 10). Due to GPS
errors or incomplete data, italicized items are not from GPS equipment, but from
USGS topographic maps.

Easting Northing Elevation Depth of sand Elevation of Distanceto the

(m) (m) contact (m) shoreline (km)
411511 4881792 21 0 21 1.6
411364 4871405 21 38 -17 2.6
412496 4871024 14 42 -27 3.8
412224 4867010 ~60 28 31 4.0
411942 4866851 51 29 22 3.7
412120 4861751 38 12 26 4.5
407589 4854029 41 48 -7 1.0
407647 4849686 11 13 -2 17
408585 4839751 16 0 16 4.7
404642 4830770 83 29 54 2.6
404573 4830622 74 0 74 25
404661 4830354 66 5 62 2.6
403046 4824001 45 2 43 2.4
402488 4822270 37 >29 <8 2.3
402465 4822211 37 0 36 2.3
402629 4821573 ~79 1 79 2.7
402735 4819699 A 4 91 33
401348 4819666 32 >16 <16 19
401236 4817657 32 31 1 2.5

Table 12: ANOVA results for sand thickness' and elevation of sand-bedrock contacts
versus UTM northing. Ho = Slope of sand tickness and depth trend line is not
significantly different from zero. F distribution at 95 percent confidence.

Data set t statistic t-crit Ho results
Sand thickness 1.89 1.72 Reected
Sand bedrock contact €l evation 451 172 Rejected
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labeled to index well log to other figures.
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Soil/Paleosol development
Relative soil development is an important aspect of this study, because the

development of pedologic horizonsisrelated to devel opment duration (see Background)
(Harden, 1982; Birkeland, 1984). Four methods of detailing soil characteristicsthat are
used in thisthesis are soil development indices, X-ray diffraction, electron microprobe
analysis, and binocular optical microscope.

Optical microscope

paleosol samples were photographed, washed, and re-photographed. This was doneto
show the underlying texture of sand grainsin soil profiles. Washed sand grains

displayed surface pitting with clay in fracturesto a greater degree than fresh sand

the less stable mineralsin the sand (Quartz was relatively unpitted), in addition to loess
and/or airborne clays.

Soil development indices

The soil development indices of rubification, Buntley-Westin, and maximum grain
size decrease were cal culated and compared. Appendix G displays the correlation that

the indices had with one another, and with the normalized values a'so found in

rubification and Buntley-Westin are somewhat correlated. Core EM1 ranked the highest
inal indices, except in the Buntley-Westin index, where a normalized score of 0.75 was

established.
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Sample Unwashed 12x magnlflcatlon Washed: 30x magnification
. : ot ol

CG1 HS1 TI1-1

Fresh samples, 30x mag.

Figure 33: Photomi crographs displaying weathered grains from pal eosols and soils.
Two samples of fresh sand are included for comparison. Note that the grainsin the

washed samples are pitted to a greater degree than fresh samples.
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Table 13: Correlation coefficient, variance, and covariance for soil indices.
Calculations based on normalized data. Correlation coefficent above the diagonal
(Bold), varience on the diagonal (no emphasis), and covarience below the diagonal
(Bold Italics).

BW Rubification Grain Size

BW 0.04 0.64 0.62
Rubification 0.03 0.05 0.42
GranSze 0.03 0.02 0.07

Table 14: Soil properties compared of dated cores. For TL dates, ageis TLYBP; for
C dates, ageisin RCYPB.

Age Dating Modern Color Thick- Penetro- Buntley- Rubi-
Core (ka) method or buried Field Dry Wet  Structure ness(m) meter Westin fication
TI1 >465 ™C Buried 7.5YR4/4 10YR45/6 75YR3/4 Blocky >03 27 18 40
TI1 324 TL Buried 7.5YR 4/4 10YR4.5/6 75YR 3/4 Blocky >0.3 2.7 18 40
TIL 07 Y“C Buried No longer exposed
CGl 246 Y“C Buried 75YR3/410YR55/4 75YR3/3 Blocky 0.6  >45 12 10
RD1 329 TL Modern 7.5YR3/4 10YR4/6 7.5YR3/4 Blocky 12 2.4 18 40
HS1 305 TL Modern 10YR3/6 10YR5/6 10YR3/4 Massve 1.6 1.75 18 60
WW1 6.9 TL Modern 10YR4/6 10YR5/5 10YR3/6 Granluar 0.2 0.2 15 70
NW1l 372 TL Modern 7.5YR3/3 7.5YR3/4 75YR3/2 Blocky 12 0.7 16 10
ME1 70.2 TL Modern 7.5YR3/3 7.5YR4/4 7.5YR 3/3 Blocky 10 45 16 20
SD1 29 TL Modern 10YR5/2 10YR6/2 10YR4/2 Granular 0.0 0.0
sb2 15 TL Modern 10YR5/2 10YR6/2 10YR4/2 Granular 0.0 0.0
Parent - - Modern 10YR6/2 10YR6/2 10YR4/2 Granular 0.0 0.0

[e2BNe) o))
o O o

In an effort to correl ate soil development parameters with dated cores, rubification,

Buntley-Westin, thickness, and hand penetrometer readings were performed on dated

The soils ranged in thickness from 10 cm to ~2 m. Soil colors in the B-horizons
aretypically near 10Y R4/2. Minimum mean grain size in the B-horizonsis 0.02 mm,
well into the silt size fraction. The average B-horizon grain size was 0.10 mm with a

standard deviation of 0.04 mm.
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Figure 34: Scatter plots of correlation between different soil indicies and age. Use of
the hand penetrometer appears to give the most reliable correlation to age. For TL
dates, ageis TLYBP; for **C dates, ageisin RCYPB. All ages are in thousands of
years.

Based on field vigits, the overall trend isthat the surficial soilsin the eastern
portion of the two dune sheets are more devel oped than those in the western portions.
The eastern dune surfaces have apparently been vegitatively stabilized for longer
periods than the western portions of the dune sheets (see upcoming Results section).
Direct quantitative comparison between surface soils and paeosols is not possible, since
the paleosols are not in the same pedogenic environment than the surface soils, whichis

akey factor in relative soil comparisons. However, qualitative comparison is till
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possible. Upon burial, the soil isno longer receiving organic matter and the associated
acids, a condition inhibiting further development. Additionaly, buria atersthe
environment of soil devel opment, and thus changes the physical characteristics of the
buried soils. Less developed surface soils to the west suggest more recent dunal
advances from the oceanward side. The most developed paleosols appear to represent
shorter periods of stability than the most developed, eastern dune surfaces.

X-ray diffraction results

X-ray diffraction analysis was performed on representative surface soilsto
establish mineralogy of the clay fraction (<2um). Full scans of the x-ray diffraction
(XRD) patterns can be found in Appendix E. The mineralogy of the less than 2um size
fractions are interpreted from the XRD scans, and with the utilization of a search-match
database. The mineralsidentified in the samples examined are vermiculite
((Mg,Fe” Al)2(Al,Si)4 O10 (OH)2-4(H,0)), kaolinite (Al,Sio0s(OH)4), and gibbsite
(AI(OH)3) or a combination of the three. VVermiculites dominate the weathered profiles,

such asin NW1. Vermiculiteis determined by the 6.2 °28 (14.3A) peak, and tests that

35). It should be noted that the mineral identified as vermiculite in thisthesis could also
be a poorly ordered chloritic-smectite intergrade. Additionally, soil vermiculites are
morphologically different from metamorphic vermiculites. However, for purposes for
thisthesisit isreferred to as vermiculite. In addition to paleosols, some interstratial
weathering products are also apparent in the parent material. For example, at sample

location MEL, south of Mercer Lake, aswell as other locations, gibbsite has been found
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sized particles (<2um) in sample ME1 are nearly 100 percent gibbsite. Gibbsite also
occursin weathered soil profiles. Soil core IN1 (sample depth 80 cm) also contained
large amounts of gibbsite (Appendix E). The peak of highest intensity in gibbsiteisthe
4.82 A peak.

In summary, the presence of gibbsite in the soils indicates high levels of leaching
occurring either in the soil horizons or in the interstitial layers associated with
groundwater movement (Deer et a., 1992). Vermiculiteis possibly theinitial clay
mineral being formed from the weathering of sand grains, with kaolinite possibly being
an intermediary or accessory mineral.

Table 15: Summary of results of X-ray diffraction.
Core Depth Geographic and UTM Core age, if Clay mineras

name (cm) Position (NAD27, Zone10)  available present
IN1 80 4800020 N 396390 E Gibbsite,
vermiculite,
kaolinite.
NW1 60 E-NE of Woahink lake 37.2+48 Primarily
4864850 N 413990 E ka vermiculite, small
amounts of
gibbsite and
kaolinite.
SP1 150 4844150 N 406080 E Vermiculite with
smaller amounts of
kaolinite.
ME1 Inroad  Onthesoutheast banksof  70.2+3.0 Gibbsite (one
cut,~3m  Mercer Lake 4872550 N ka unidentified peak).
from 413090 E
surface
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Figure 35: Vermiculite x-ray diffraction pattern. The core location is SP1, with the full
scan availablein Appendix E.

Figure 36: Photo to the left is of gibbsite nodules found dunal sands. The sample site
is ME1, on the southeastern banks of Mercer Lake northeast of Florence.
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Microprobe

Microprobe analyses were performed to distinguish individual el emental

components to help verify mineral constituents. Electron microprobe analysis was

from North Woahink (NW1). More detailed analyses, complete with photos, are
presented in Appendix F. A characteristic gibbsite nodule contained nearly 95 weight
percent Al,Os, while the soil profile at NW1 showed gibbsite ranging from 8 percent to
32 percent. Silica (SIO,) values at NW1 ranged from 42 percent to 81 percent; at MEL,
values were lower. Iron (Fe;Os) at NW1 was near 7 percent; at MEL, values are
bimodal, with one group at 1 percent and the other near 15 percent. Thisdistributionis
consi stent with the signature expected from the probe scanning a gibbsite nodule
containing gibbsite-coated quartz, feldspar, or silicate fragment.

In summary, microprobe results confirm that the gibbsite likely formed in-situ by
precipitation into nodules, by the absence of elements other than those found in gibbsite.
This precipitation likely reflectsin-situ geochemistry of interstitial fluids (groundwater
geochemistry) that is over-saturated in Al. Presumably, the more mobile Fe, Ca, and S
have been lost to groundwater discharge. The fates of those dissolved elements are not
addressed in this study.

Table 16: Charateristic normalized Microprobe results for samples from Mercer Lake
(MEL) and North Woahink (NW1). The listed concentrations are normalized as oxide
weight percentages. Complete tabular results and scans for all analyses are availablein

Appendix F.
Na Mg Al S P S Cl K Ca Ti Cr Mn Fe

ME1l.gibbsite2 0.01 006 9459 411 020 007 005 003 0.04 0.12 008 0.00 0.63
Nw1401 020 032 828 8095 009 010 009 030 006 134 002 006 8.18
Nw160.1 002 0.01 2576 6591 000 002 002 012 0.07 0.68 0.00 000 7.39
Nw160.2 012 028 1055 8107 010 038 011 024 057 038 000 000 6.19
NW1.603 010 035 3222 4168 041 019 0.08 021 1559 0.37 0.01 0.07 8.70
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Figure 37: Graph of charateristic normailzed element percetages for samples from
Mercer Lake (MEL) and North Woahink (NW1) at depths of 40 and 60 cm.
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Figure 38: Microprobe photographs of the samples analysed and specific places were
analysis was completed. Samples from Mercer Lake (MEL) gibbsiteislabeled a;
samples from North Woahink (NW1) at depths of 40 and 60 cm are labeled b and c.
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Radiocarbon and thermoluminesence dating
Paleosolsin well logs and differing relative soil development in shallow core

samples suggest different ages of dune emplacement and/or durations of vegetative

stabilization in the ODNRA field area. Both **C and TL dating (see M ethods) were used
to constrain the ages of dune sand emplacement. These ages of emplacement should also
provide insight to periods and mechanisms of dune sand supply. Compl ete results of the

TL analyses are shown in Appendix H.

twice as old as the next youngest at 37.2 ka, with the exception of the TI1 **C date

(which was radiocarbon dead at 46.5 RCY BP). Other dates group near 30,000 Y BP,

dates are near reactivated areas (WW1, CG1, TI1, CG2 SD1, SD2-1), while the older
dates are from sites generaly further east (ME1, NW1, RD1, Tl1, HS1, CG1l),
representing earlier advances and subsequent stabilization. The only eastern-edge date
that is“young” isWW1 (4.7 TLYBP). This young date islikely due to a Holocene
advance eastward, or to late Holocene dune reactivation. Currently, active dunes do
exist ~5 km inland northeast of Florence. Therefore, these types of reactivated eastern
dunes are seen in the field area. Additional work is needed to establish the factors that
lead to thislocalized dune reactivation aong the eastern margin.

Potentia errorsin TL dating could result from in-situ or external radiation sources,
aswell asincomplete re-zeroing by sunlight during transport (Berger, 1988).
Specificaly, cosmic radiation can partialy reset the TL signal, as can radiogenic
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elemental componentsin the soil. Such effects would result in younger than actual dates.
Incomplete re-zeroing of the TL signal can occur by sediment that is not completely
exposed to sunlight during transport, resulting in artificialy old dates. However, as
stated in the Methodology section, TL dating isideal for eolian sediments due to the
sub-aeria nature of transport (Clarke et al., 1999). Some evidence exists for radiation
affecting the dates of these ODNRA deposits. For example, both a TL and C** date was
taken at the Tree Idand site on adjacent exhumed paleosols dated at 32.4 + 8.2 kaand
>46.5 ka, respectively. These two dates are at least 6,000 years from one another, based
on the TL date showing a+ 25 percent error range. It is possible that sample quality had
been degraded due to a partid resetting of the TL signal. Another possibility isthat the
adjacent paleosols of the same period of origin. Additional testing of the same sediments
by both C** and TL iswarranted to establish the similarity of these two dating
techniquesin the ODNRA.

No basal dates (bottom of the dune sheets) were obtained for this thesis project.
However, the shallow subsurface dates indicate at |east two and possibly three periods
of dune advance. An early advance, rarely exposed at the surface, is represented by
indurated deposits (semi-consolidated) dated to 72 kaat Mercer Lake. Further dating of
basal dune deposits are needed to confirm this earliest dune advance. A widespread
younger advance in indicated by a suite of dates (37-24 ka), asindicated by western

paleosols or from eastern surface soils.
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Table 17: Summary of TL and C** dates found on the Coos Bay/Florence dune sheets.

Age Geographic and UTM position Core Dating method
70.2+ 3.0ka Eastern edge, 4877280 N 414120 E ME1 TL
4.7+ 04 ka Eastern edge, 4830050 N 404480 E Ww1 TL
37.2+4.8ka Eastern edge, 4864850 N 413990 E NW1 TL
329+ 3.6ka Eastern edge, 4820420 N 402720 E RD1 TL
0.7+ .06 ka Treeisland behind deflation plain, TI1-3 4c

(Beta#89164) ~4860940 N 410020 E
324+82ka Treeidand behind deflation plain, TI1-2 TL
4862130 N 409390 E
>46.5 ka Treeisland behind deflation plain, TI1-1 4c
(Beta#84374) 4862115 N 409410 E
30.5+59ka Eastern edge, 4816060 N 402260 E HS1 TL
246+ 31ka Coadtd siteunder paeosols, 4872730N  CG1 TL
409940 E
6.9+007ka Coasta site above paleosols, 4872730N  CG1 e
(Beta#84373) 409940 E
29+0.3ka Immediately behind beach foredune, SD1 TL
4860803 N 407746 E
1.5+ 0.3ka Eastern edge of deflation plain, SD2- TL
4860915 N 408418 E 1

Finally, the western side of the dune sheet, both on the deflation plain and in

surface deposits of the larger dune ramps (Tree Iland), contains late Holocene dune

related sites. Note the Holocene dates in the deflation plain and in the upper portion of
the tree isdland, which indicates Holocene activity in the western portion of the dune

fields. Late Pleistocene dates are at the bottom of the Tree Island and further inland at

These periods of dune advance/activity are interpreted in terms of dune field origins

under the Discussion section of this thesis.
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Figure 39: Map of TL and **C dates. Core names are in parentheses. Site CG1 and two
dates taken below and above a paleosol, and site T11 had three dates taken at different

possitions in the island profile. Radiocarbon dates are 6.1, 0.7, and >46.5 at sites CG1,
TI11-3, and T11-1, respectievly. All other datesarein TLY BP.
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base of the tree island. See Table 17 for complete results, including standard errors
and dating technique.
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Discussion

Interpretation of data

The data gathered for this project are used for investigating the source, age(s),
and emplacement mechanisms of the ODNRA dune sheets. The information regarding
the inferred sand source of the dunesis provided by grain size and heavy mineral
analysis. Grain-size trends a so help with the interpretation of possible emplacement
mechanisms. Surficial morphology is analyzed based on orientations of dune form.
Subsurface stratigraphy is interpreted from vibracore and solid-stem auger sampling,
and water well log interpretations. Sedimentary structures determined from vibracoring
provided the necessary information to determine the origin of sand depositsimmediately
beneath the deflation plain. Solid-stem augering of the deflation plain extended the
stratigraphic information of late-Holocene devel opment of the underlying deflation plain
deposits. Sail profiling and interpretation of well logs for presence of paleosols provide
relative age estimates for dune/advances and periods of vegetative stabilization. Clay
mineralogy provided insight into pedogenic processes on stabilized sands, aswell as
sources for possible loessin the soil profile. Dating techniques provide ages of dune
emplacement and periods of stabilization. These data sets are integrated with published
sea level curves and shelf bathymetric datato propose a sea-level low stand condition
for eolian supply of coastal sand deposits.
Inferred sand source

The ultimate source of the dune sand is the High Cascades and, to alesser extent,

the Klamath provenance as drained by the Umpqgua River and the Coos River,
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abundances and moderate abundances of metamorphic amphiboles (Scheidegger et d.,
1971). Minor sand constituents are certainly added by small rivers draining the Coast
Range, such as the Tahkenitch River. However, the addition of characteristic minerals
(augite) by these rivers was not sufficient to discriminate this source based on the heavy
mineral anayses. The potentia mechanisms by which the sand arrived to form the

coastal dunes are discussed below.

@» Umpgua River Watershed
&@» Siuslaw River Watershed
> Coos River Watershed

| t

50 0 50 100 150 Kilometers
—" — E—

Figure 42: Drainage basins for the Siuslaw, Umpqua, and Coos Rivers, the two largest
riversin or near the Florence or Coos Bay dune sheets.
Shelf mineralogy by Scheidegger et a. (1971) is plotted on a map with

bathymetric data and possible emplacement azimuth trends based on corresponding
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differing emplacement azimuth trends, even though al the data points to the onshore
movement of sand. However, it isimportant to note that the Coos Bay dune sheet is
under-represented in the heavy mineral analyses and that the grain size trends can be
interpreted in two separate ways. Nevertheless, all evidence points to onshore movement
of sand. It isaso important to realize that the mineralogy defined by Scheidegger et
al.(1971) reflects Holocene placement of sand offshore, not mineralogy trends of the
late Pleistocene. Heavy minera analysis of deeper cores offshore would be needed to
recognize the trendsin the late Pleistocene shelf deposits.
Emplacement mechanisms and controls

The way in which the sand came onshoreistied closaly with its associated
timing. The earliest dune emplacement dated in this study is about 70,000 TLY BP. If
this age represents amajor period of sand transport eastward, then the sediment could
have blown off the continental shelf following the last mgjor interglacia at 83 ka. At

70,000 TLYBP, global sealevels were approximately 50 meters below the current level
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Figure 43: Composite diagram of shelf bathymetry to a depth of 120 m, with 10 meter
contour intervals, shelf mineralogical data modified from Scheidegger et a. (1971),
and possible transport directions based on multiple data sets.

Dune migration rates
Hunter et a. (1983) found that the modern oblique dunes just south of the

Umpqua River migrated at an average rate of 3.8 m per year. At thisrate, the eastward
progression of Pleistocene dunes (70 ka) over a’5-9 km shelf distance would take
approximately 1,300 to 2,400 years. However, this rate does not reflect the long-term
rate of dune sheet advance, i.e., under late Holocene conditions at the foot of the Coast
Range. At arate of 3.8 m/yr, the eastern edge of the ODNRA dunes would be mid to

late Holocene in age. However, nearly dl of the eastern edge dates are greater than 30
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ka, i.e., late Pleistocene in age. Whereas some active dunes are moving at the high rate,
the gross dune sheet advance must be much slower. For example, under late Holocene
conditions, the overriding dunes progress along the length of a stabilized dune mass
until they reach the eastern edge, where they encounter steeper slopes and more mature
vegetation (Cooper, 1958). Sand transport is much less favorable when encountering
uphill slopes and stabilizing vegetation (see Background). The net result could lead to

active dunes with progression rates of ~3.8 m/yr, but overall dune sheet advance at rates

advance, with each active dune advancing at arate of 3.8 m/yr. The second dune pulse
needs to cover the same length as the first dune, plusthat of its own advance into virgin
vegetation. In ahypothetical situation, the first dune covered 300 m with itsfirst
advance, and then 150 years passed until conditions allowed for a second dune advance.
The second dune advance will now cover the original 300 m, plus an arbitrary 75 m
advance past the eastern limits of the first dune advance. Following this scenario, the
gross rate of progressionis 1.1 m/yr. If longer episodic stabilization periods are used,
e.g., 500 years or more, then the net advance is reduced to about a decimeter per year,
which is closer to the estimated long-term migration rate of the |late Holocene dune

advance on the order of 1.0-0.1 m/yr.

88



Initial coastline,
without extensive
dunes

Conditions change and
a dune advances at
a rate near 3.8 m/yr
starting near the beach

Dune becomes stabilized

Conditions change again,

and another dune advances

at a rate near 3.8 m/yr starting
near the beach, but this time it
only advances 75 m beyond the
eastern extent of the first dune

Figure 44: Schematic of a series of dune advances over stablized surfaces. Note the
that the gross eastern advance rate of the dunes would be much less than 3.8 m/yr.

The conditions of the late Pleistocene glacia periods were likely much different
than those of the Holocene interglacial periods (Worona and Whitlock, 1995; Ortiz et
al., 1997). For example, lower sealevels could support amuch larger eolian sand supply
due to 1) wide continental shelf exposure, 2) lower base level for eroding riversto
supply sediment to the coast, 3) drier climate, and 4) differing wind conditions (see
Background). Under those conditions the dunes should have been able to advance
rapidly across the 10-15 km of shelf and shoreline. When the climatic conditions

changed, due to rising sealevel and increased precipitation (Worona and Whitlock,
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1995), the intervals of rapid, gross dune sheet advance should have ceased. Using
Hunter’ s rates of dune advance on the order of meters per year, the eastern edge of the

ODNRA dunes might be expected to have dates afew thousand years younger than the

Furthermore, Worona and Whitlock (1995) found that the climate was 50 percent drier
and amean annua temperature of 7°C at 17-25 ka (see Background). This dryness
would have aided in the mobility of sand. In addition to this, modeled Ekman transport
and associated winter downwelling at the LGM was three times stronger then that it is
now, indicating stronger winter winds, coming onshore from the southwest (Ortiz et a.,
1997). Furthermore, summer Ekman transport for the LGM indicated nearly neutral
downwselling/upwelling rates, signifying onshore summer wind directions nearly
perpendicular to the shoreline (Ortiz et d., 1997) (see Background). Stronger winter
winds combined with adrier climate and onshore summer winds should have increased
the annual sand transport rate. However, the eastern-edge dates are actually closer to 35
ka This contradiction isaddressed in alater section of the Discussion.

Discrepancy between grain size trends and lee-slope azimuths

First-order trend surfacing of average sand grain size indicates that sand

of sand becoming finer the further it is transported, this anaysis suggests the source of
eolian sand is offshore and to the south. By comparison, the Florence dune sheet shows
adtatistically insignificant dight fining to the south. The trend surfacing of the grain
Sizes does not agree with the azimuth analysis of the dunesin either of the dune sheets.
The azimuth anal yses point to atransport direction toward 136° (true north) for the
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combined dune sheets, whereas the trend surface analysis points to a more northerly or
directly onshore direction. A possible resolution to this discrepancy isin that the surface
dunes reflect waning transport conditions from northwest summer winds. This possible
scenario would lead to the conclusion that the geospatial GIS anaysis reflects the bi-
directional annual wind regimes, while the northward trend of finer grain sizesisthe
result of southerly winds. Perhaps the northern fining trend in the Coos Bay dune sheet
resulted from pre-existing conditions of more northward transport by previoudy
dominant southwest winter winds. The eastern, stabilized dunes are less affected by
seasonal wind patterns, due to their vegetative cover. Their transport directions are
likely dominated by the localized topography of the Coast Range foothills during their
time of deposition. In contrast to the Coos Bay dune sheet, the Florence dune sheet
presents less of a conflict between the grain size trend analysis and lee-dlope azimuths.
It isnot fully understood how these two sSimilar dune sheets can show the different
trends in mean grain size distribution.

Timing of sand emplacement

Relative dating

The soils and pal eosols in the dune sheets are the primary markers used for

relative dating. Paleosols are indicated by decreasing grain sizein shallow cores, and by

indicator of the duration of stability, since greater clay accumulation (both thickness and
percentage) indicate longer time intervals for pedogenic processes to break down the

parent materia (Harden, 1982, Brikeland, 1984).
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thin clay layers within sand indicated in well logs signify paleosols, along with color
and thickness. Thiswell log is from the Oregon Dunes Overlook water supply well.
The primary interpretation from well log paleosolsis that there were multiple
periods of stability throughout the dune sheets. Whereas, the number of paleosolsin the
boreholesis not equal, the periods of stabilization are not interpreted to be widespread
over the entire dune sheet(s). Twelve of the surveyed wells had no apparent paleosols,
five had one pal eosol, two had two paeosols, and two had four paleosols. The durations
of various periods of stability are aso shown to differ between boreholes, based on the
variable thickness of clay rich layers. It is possible that some of the thicker silt- and
clay-rich soils might reflect the addition of chlorite-rich loess, a possible precursor to
digenetic vermiculite (Douglas, 1977; Grim, 1962; Calle and Susquet, 1988; Moore and

Reynolds, 1997). Chlorite is present on the continental shelf and dope (Karlin, 1978,
92



1980). Additional fine-scae stratigraphic analysis of the thicker paleosolsis needed to
discriminate between an ateration-source (weathering in-situ) versus an eolian-source
(eolian chlorite-rich silts) of the clay precursor materials.

Sgnificance of gibbsite nodules

Nodules of gibbsite, Al(OH)3, were found at Mercer Lake (MEL), the oldest (TL)
althoughin relatively lower abundance and purity, at the Houser Slough site (HS1).

Microprobe analysis and X-ray diffraction of the North Woahink soil site (NW1) did not

and Appendix F). The presence of gibbsitein ME1 and HS1 could be explained by at
least three models: 1) dissolution and precipitation of hydrous Al by acidic soils, 2)
dissolution and precipitation from tephra deposits, or 3) gibbsite being the end-product
of weathering in the sequence vermiculite J kaolinite [ gibbsite.

It is possible that the gibbsite represents weathering of tephra deposits. The
gibbsite balls of MS1 could have been eolian pumice fragments blown into cross-beds
and fully wesathered to gibbsite. Taylor and Lasaga (1997) found weathering of volcanic
glass and plagioclase could form gibbsite by precipitation and re-dissolutionin
inceptisol soils. If the Mercer Lake site was younger, this could explain the rapid
gibbsite devel opment required for young soils. Additionally, no ash layersin the cross
sections or pumice fragments under petrographic microscopes were observed in cursory
investigations.

Keller (1958) proposed that the formation of gibbsite in soilsis a precipitation

reaction, and that it is controlled by pH and the concentration of Al and Si in solution.
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The formation of gibbsite can be very rapid once the Al is separated from the Si. If
groundwater transport is slow, the concentration of Si may gradually increase and
recombine with Al to form kaolinite. However, the dunes are highly permeable,
therefore the Si is unlikely to accumulate to form kaolinite. The controlling factors,
which determine whether or not gibbsite will form directly from the primary aluminum
slicates or through akaolinite intermediary, are rainfal, temperature, parent rocks,
topography, groundwater table, time, and groundwater chemistry (Dixon and Weed,
1989). Environmental factors that contribute to in-situ gibbsite precipitation in soils
(including C horizons) are high rainfal, tropical or subtropical temperatures, mafic or
intermediate rocks, and upland topography. These contributing factors al support good
drainage (Abbott, 1958; Y oung and Stephen, 1965; Sherman et d., 1967). The ODNRA
dunes are characterized by high rainfall, moderately high levels of unstable minerals,
(Twenhofel, 1946; Scheidegger et d., 1971), and high permeability.

The pH of the soil also plays an important role in the formation of gibbsite. The
formation of gibbsite is commonly associated with alow pH (Dixon and Weed, 1989).
Capillary waters under pH 4 can readily carry 100 uM Al in solution, but most of this
will be precipitated at pH of 5, leaving only about 4 UM Al in solution (Paterson et al.,
1991). Asshown by many soil pH profiles (Appendix A), the pH in dunal soilswas
commonly between 4.5 and 5.0 in the upper portions of the soils. The pH of core ME1
containing the most abundant gibbsite in the Cox horizon varied between 5.0 and 5.3.
Although the pH in the upper portion of the soil profile might have changed over time,
the current pH should not mobilize Al. One proposed scenario is when the pH of this Al

enriched solution became more basic lower in the section, asistypical in the dunes, the
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Al precipitated out of solution, forming gibbsite in the more porous material of the

Another possible explanation is that gibbsite is the end product of aweathering
sequence of clay mineras precipitated in the sequence: vermiculite [ kaolinite [J
gibbsite. The promise that this model hasisthat gibbsite is the end product of a series of

steps, al taking sometime. The well-developed and pure nodules were at the Mercer

________

nodules at the Hauser Slough (HS1) site are in sand about half the age of the Mercer
Lake site. The drawback to this model isthat similar nodules were rarely observed at the
other core sites (which had asimilar age of the Houser Slough site). The lack of
uniformity in the dune sheets creates a conflict regarding the proposed process.
Furthermore, the kaolinite identified in the XRD scans is neither well-ordered nor
abundant. It is possible that the vermiculite is weathering directly to gibbsite, bypassing
the kaolinite intermediate step (Abbott, 1958; Keller, 1958; Y oung and Stephen, 1965;
Sherman et al., 1967).

Y et another possibility isthat the gibbsite nodul es were developed during previous
conditions of climate or vegetation. This possibility would require that climate and/or
vegetation (and associated pH levels) had changed enough between 40 and 70.2 kato no
longer support the formation of gibbsite in the soil profile, but had not changed enough
to promote the destruction of the gibbsite nodules already formed. If this scenario is
correct, then the presence of gibbsite nodules in some dune sands of the Oregon coast
could prove to be an indicator of paleoclimate and/or paleovegetation, and by extension,

relative age of the sand dune.
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Vermiculite dominance of clay mineralsin soils

Vermiculite dominates the clay mineralogy of the dunal soils (see Results).
Literature reports on vermiculite originating primarily from the alteration of micaceous
minerals, chiefly biotite, phlogopite, and chlorite (Douglas, 1977; Grim, 1962; Calle and

Susquet, 1988; Moore and Reynolds, 1997). There islittle to no micaceous material

southwest is a possible source of the abundant vermiculite. Ross and Kodama (1974)
suggest that there are two ways to achieve the chlorite to vermiculite transformation, one
of which is applicable to dunal soils (the other being part of metamorphism). The
applicable scenario involves acidic weathering giving rise to the transition. The pH of
modern dunal soil profilesis sometimes quite low in the A-horizon, sometimesin the

4.0-4.5 range. However, sand grains from soil samplesindicate that some clay islikely

Further investigations are required to fully explain the dominance of vermiculite of
the soil clay mineras. However, the weathering products (gibbsite and vermiculite)
observed in the dune soils are likely to reflect extreme dteration by acidic meteoric
waters |eaching through very porous sand.

Application of soil indices

The use of the rubification and Buntley-Westin quantitative soil indices provided

inconsistent results. As stated in Table 13! the correlation coefficient between the two

indicesis 0.64, with graphsin Appendix G displaying the considerabl e scatter.

Furthermore, neither index shows a strong correlation with decreased grain size, which

can be adirect mechanical measure of soil development.
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A possible cause of this problem’s occurrence stems from the concept of a
chronosequence, where the only variable in comparing soilsistime, with al other soil
forming factors assumed constant between sites. As stated in the Background section, a
soil chronosequenceis required for the application of the soil indicesto providereliable
results. Many soils are on dopes of differing angles, which would lead to differing
groundwater conditions and corresponding weathering rates based on the amount of
water passing through the soil. Slope failures could have also led to unpredictable soil
attributes. At the Mercer Lake site (MEL), which had the oldest TL date (70.2 TLYBP),
the soil was not the most devel oped, based on any soil index or physica indication.
However, the dope directly under the core site leads to Mercer Lake, which could have
possibly undermined the dope and caused a dope failure leading to deceptive soil
characteristics. Finaly, the two measures did not agree in the relative development on a
same-sample basis regardless of age. For example, dated core RD1 (32.9 TLYBP)
yielded avaue of 0.08 in the normalized Buntley-Westin index, while avaue of 0.56
was obtained in the rubification index (Appendix H). Additionally, coresRD1 (32.9
TLYBP) and MEL (70.2 TLY BP) had identical scores (0.56) in the Rubification index.
In the future, care must be taken to identify these potential chronosequence issues and
choose sites accordingly.

Although the correlations are weakly positive, and in conjunction with field
observations, the results were not favorable enough to continue with the devel opment of
arelative dating scheme based solely on soil development. Periodically mobilized
dunes, with differing ope and groundwater characteristics over alarge area, such asin

the ODNRA, are not the best candidates for high-resolution relative dating via soil
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indices. Additionally, the use of soil propertiesfor relative dating on Pleistocene dund
soils of the east coast of the USA has not been successful (Phillips et ., 1996).

When comparing soil properties between dated cores exclusively, theideal method

the mgjority of the dunal soils sampled in theinitia field effort did not have this test
performed. Future work in dunal soils should utilize and formul ate arelative dating
schemeinvolving the pocket penetrometer in addition to the field methods established in
those areas. It should also be noted that each region in which this method is utilized
should have a database of dates and corresponding penetrometer readingsin order to
formulate alocal relation between estimated strength and age.

Even though the use of soil propertiesin interpreting dunal emplacement times
was useful in determining Pleistocene versus Holocene dune forms, a TL or *C dating
technique was required to discriminate |ate-Pleistocene ages of dunal emplacement.

Radiocarbon and thermoluminesence dating

Thetiming of the dunal emplacementsis complex, asreveaed by three age-date

41). There appears to be an early advance at about 70 ka, athough additional dates are
needed to confirm this single sample. However, the degrees of weathering,
consolidation, and gibbsite precipitation all attest to arelatively long period of post-
emplacement weathering/alteration for this site. Some late-Pleistocene dates group
around 33 ka. These dates are clearly from a pre-Holocene period of sand supply.
Glacid and interglacial changesin mean sealevel have occurred well into the
Pleistocene. Dune advances that could be greater than 70 kain age might be recorded in

98



basal dune sections not dated in this study. Nevertheless, it isinteresting that the oldest
eastern-edge date to be recorded (70 ka) is relatively young compared to some coastal
sequences such asin Australia (100 kato ~1 ma) (Thom et ., 1994; Lees et al., 1990;
Pye and Rhodes, 1983). Specificaly, the question arises as to whether dunes advanced
onshore during glacia intervals prior to 80 ka. The dating of basal dune depositsin the
ODNRA might address this question.

Holocene dune ages

Nearshore stratigraphic relations are interpreted from borings of the deflation plain
and from late-Holocene dates in the deflation plain. The lack of well-developed
paleosols, lack of gibbsite, and the Holocene TL dates all imply that the underlying
deposits are late Holocene. Dune stratigraphy in the deflation plain as reveaed by
vibracoring indicated that in addition to Holocene progradation, the deflation occurring
on the deflation plain is scouring out dune sand. Additionally, it is believed that the
wave cut terrace was encountered at drilling site UD2 (gray, weathered claystone rather
than sandy, brown or red paleosol deposits) at a depth of ~11 m, just south of the

Umpgua River. This signifies thinner, Holocene advances, since the wave cut terraceis

Appendix C). Additionaly, drilling site GP2 contained shell fragments and coarser sand
grains, indicating avertical sequence of dune sand over beach sand in the immediate
nearshore environment. These two sites, closest to the modern shoreface, indicated a
17). In addition, the deflation plain sites show little to no soil/paleosol development with

at least two late-Holocene dates near 1-3 ka. Therefore, some high stand sand supply
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certainly occurred in late-Holocene times and lead to shoreline progradation. To assist in

corresponding to past and present sea level positions. The bathymetry reveals alarge
increase in area susceptible to eolian transport starting at depths between —80 and —100
meters. Therefore, when sealevelsfell to these depths, sediment available to eolian
transport increased.

General dune emplacement, timing, and source

As stated earlier, the timing of the duna emplacementsis complex, asreveded by

to be dated in this study. The younger dates, from 38 to 30 ka, are all close to the eastern
boundaries of the dunesin the local area, about 5-7 km inland. The expected trend isthe
dates becoming younger to the west. Two significant departures from thistrend are sites

TI11(32.4 £ 8.2 ka) and CG1 (24.6 £+ 3.1 ka), which are within 1 km of the modern

750 meters from the modern surfzone. CG1 came from the banks of the Siuslaw River
under a paleosol at sealevel lessthan 900 meters from the modern surfzone.
Additionally, thissite (CG1) does not fit within the aforementioned three distributions;
it is possible that this date signifies not a dune advance, but a reactivation of pre-existing
dunes.

The first two date distributions (70 and 30-38 ka) represent separate dune
advances of the late Pleistocene. However, it would be preferred that the earliest (70 ka)
date be supported by additional dates to confine the age and extent of this earliest dated
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advance. The 30-38 ka grouping is geographically widespread, and usually represents

The T11 and CGL1 sites represent western remnants of this date grouping. The paleosols
of these two sites (T11 and CG1) a so both have Holocene dated sediments (~0.6-6.9 ka)

overriding the exhumed paleosol s, which represent a dunal advance or widespread

deflation plain sediments, which indicates that this Holocene dune activity also lead to
shoreline progradation on the order of 500-1000 meters. It islikely that the CG1
Holocene date of 6.9 ka, the oldest of the Holocene dates, denotes the initiation of the

mid- to late-Holocene dune advance.

. sol (24.6 ka) ||
y :

Figure 46: Site CGL1, on the banks of the Siusaw River, contains a paleosol which has
Holocene dated tree stumps atop a Pleistocene soil. The Holocene date signifies when
the soil was buried by a dune advance.
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The preferred interpretation is that during fluctuations of sealevel in the late

winds of the Last Glacial Maximum (LGM), and presumably during the more brief
interglacial periods before that, would be sufficient enough to blow the sand inland.

These sands would have then travel ed across the shelf, to the Coast Range foothills
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Figure 47: Sealevel curve with TL and C** (italics) dates added. For an explanation of
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Figure 48: Creation and abandonment of shorefaces relativeto rise and fall of sealevel
in acombination model of high stand forcing of sand up the shelf and the low stand
model of sand being blown in by an active shoreface west of the modern shoreface.
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Figure 49: Abandoned shoreface sands were exposed to winds after afall in sealevel.
The sand consequently blew inland to the Coast Range foothills.

Three possible emplacement directions are possible based on the data gathered for

thisthesis: 1) the sand was transported from the southwest; 2) the sand was transported

emplacement from the southwest would require large volumes of sand sourcing from the
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most narrow portion of the continental shelf, i.e, south of the Umpqua River (Figure 6).
The thicker dunes of the Florence dune sheet have a more gradua slope from the
continental shelf to the modern shoreface and backing dunes than the Coos Bay sheet.
This, coupled with the filling of the Siuslaw paleochanndl, resultsin the Florence dune
sheet being the deeper and thicker of the two. The relatively narrow strip of continental
shelf just south of the Umpqgua River might have resulted in the thinner and shallower
dunes of the Coos Bay dune sheet. However, anortheast transport direction would
require significant quantities of sand to be forced northward into the Florence dune sheet
across the offshore extent of the Umpqua River, possibly being captured in the river
flow. Thisissue raises the possibility that significant quantities were transported
seaward by the Umpgua River. It should be noted that the sand carried offshore by the
Umpqua River could eventually return to the shore by eolian transport. The Umpqua
River could have provided a significant barrier to northern cross-shelf transport.

Another possible scenario isthat the sand was transported to the southeast from
the broader exposed shelf to the north of the Umpqua River. The significantly longer
trangport distance over the exposed continental shelf northwestward of the Florence
dune sheet could account for the greater winnowing and fining of the sand there, relative
to the Coos Bay dune sheet. Thisis contrary to the hypothesis of sand winnowing due to
trangport near parallel to the coastline asis required for a northeastern direction of
trangport. A southeastern transport direction would aso support the evidence presented
by the lee-dope azimuth data, which displays significant trends to the southeast or east
for al ages of dunes. While no volumetric cal cul ations were made, measurements of

area, depth, and thickness of sand are generaly greater in the Florence dune sheet
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compared to those of the Coos Bay sheet. These facts and interpretations support the
hypothesis of an offshore sand source from the northwest.

The important point is that both models involve onshore sand movement. To
resolve the issue of southern versus northern sand source, additiona investigations are
required. Investigations should include heavy mineral analysis of additional dunal sites
and deeper offshore boringsto identify late Pleistocene basa sand deposit mineralogy of
the continental shelf.

Local, regional and global perspectives
In this section, severa coastal dunelocalities of the U.S. and overseas are

compared in terms of age and extent of dune sheet advance to the ODNRA study area,
aswell asinterpretations previousy made within the dune shests.

Within the study area, geologic interpretations based on anthropol ogic findings

interpretationsin light of thisthesis. Component | could now beinterpreted as an inland
food preparation site due to the nature of the shoreline being further west at that time as
aresult of lower sealevels. Component Il could beinterpreted asit was before (village),
but with the perspective of the shoreline being closer due to the lack of Holocene dunal
progradation. Component |11 could be interpreted with this change: while the Holocene
dunal progradation occurred, food transport became difficult and the inhabitants moved
to asite that better suited their needs. The position of the shoreline further to the west
challenges Minor and Toepel’ s (1986) estuary model. The model proposed by thisthesis
makes their model less likely since the dunes were largely in place at the beginning of
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human occupation, with only arelatively small amount of Holocene dune progradation.
However, these interpretations need further support by means of coring and dating
dunes west of the landing site and lake bottom sediments, which were not addressed by

this study.

Table 18: Potential new interpretations of settlement history of the Tahkenitch Lake
midden site.

Component Inhabitation dates and possible new interpretations
Component | 8000-5200 RCY BP

Inland food preparation site
Component Il 5200-3000 RCY BP

Now closer to shore; before full Holocene progradation
Component I11 3000-historic

Holocene dunal progradation made food transport difficult

The Morro dune field in southern California possesses late Pleistocene dune fields
comprising over 50 percent of the dune field (Orme, 1990). One *C date of the
youngest paleodune is ~27 ka, with most pa eodunes resting upon a marine terrace
formed about 130 ka. This study concluded that the Holocene dunes rest upon a
framework set in motion by Pleistocene events, such as tectonic deformation creating a
receptive shoreline, which in turn alowed the dune advance. Research on Pleistocene
and Holocene dunes of coastal Georgia and the Carolinas suggest that dunes on the
southern U.S. Atlantic seaboard formed during periods of low rainfall in bi-directional
wind regimes, and were probably emplaced during the sea-level low stands of glacial
maxima (Markewich et al., 1994).

Coastal dunes of the eastern Atlantic (on the isdand of Madeira) began to be

emplaced between 200,000-300,000 ybp (Goodfriend et al., 1996). This dunal sequence
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includes clay deposits up to 2 m thick and black volcanic sands. It has been found that
the black volcanic sands were deposited during sea-level low stands, while the clay rich
deposits were found to be deposited during the lowest sealeve stands. The authors
suggest that fine marine sediments exposed during lowest sea-level low stands may be
the dominant source of the silty and clayey units of other coastal eolian deposits of the
Atlantic and Mediterranean.

Episodic dune advances have a so been found in Australian dunes fields
(Shulmeister, 1996; Thom et d., 1994; Lees et al., 1993; Shulmeister and Lees, 1992;
Leeset a., 1990; Pye and Rhodes, 1985; Pye, 1983; Thompson; 1983). TL dates from
some Australian dunes indicate that the dunes become stabilized as |oose groupings, as
shown by dates which cluster around specific periods (Thom et al., 1994; Leeset d.,
1993; Shulmeister and Lees, 1992; Leeset a., 1990). While most of the dates are
Holocene, many sites have TL ages dating as far back as 171 ka, with groupings aso at
81 kaand 25-30 ka (Lees et d., 1990). At least one researcher reported on dune fields
going as far back 250, 400, 760, and 1,000 ka, (Ward and Little, 1975; Ward, 1977).
However, these dates were brought into question (Pye, 1983). Eolian sands at 30 m
below current sealevel are aso reported from Australian coasts. The offshore dune
deposits have **C dates indicating that these dunes were active 9.5-6 ka (Pye, 1983).
These dates and stratigraphic positions clearly support the idea of a sea-level low-stand
model. Thisisdue to the fact that the current position of sealevel isat its highest point
since the Pleistocene, which would require that sands be blown inland off of an exposed

continental shelf, prior to Holocene transgression.
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Directions for further research
The research for thisthesis covered many aspects of the origin of the Coos Bay

and Florence dune sheets. Due to the reconnaissance nature of this study, not all aspects
could be fully explored. The processes of soil devel opment and the interpretation of
these processes, initially thought to be straightforward, proved to be an inconsistent
measure of relative profile age. In addition, clay mineralogy of dunal soils and other
ateration products in dune sand were unexpected and are not yet understood in terms of
alteration sequences and rate(s) of formation. Perhaps the most promising research
direction resulting from this thesis is the application of the dune origin models upon
other dune sheet localities in Oregon and California by additional TL and **C dating
(Cooper, 1958; Cooper, 1967).

Future work in the ODNRA should focus on obtaining/developing 1) accurate
relative soil dating, 2) further heavy minera analysis, and 3) additional TL dates of
basal dune sheet deposits.

Work should specifically focus on the factorsinvolved in the soil-forming
processes that result in poor relative dating results of Pleistocene soils. However, the
traditional reductionist view (variability can be explained with more and better
measurements) might not be reconciled with the nonlinear dynamics view (variability
may be an irresolvable outcome of complex system dynamics) (Phillips et al., 1996).
Ultimately, more dating by TL and **C techniques are required.

Additional heavy mineral anayses of the Coos Bay and southern Florence dune
sheet are required to fully constrain and resolve sand supply and source between the two
dune sheets. Vertical heavy mineral sequencing would be particularly helpful in
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determining possi ble changing sources of dune sands; however, this should be
completed in conjunction with additional heavy mineral analyses of offshore borings.
This offshore work would be required due to the fact that the offshore surficia
mineralogical anayses of Scheidegger et al., (1971) are likely biased by minerd
dispersal from the Holocene transgression.

Obtaining additional dates within the dune sheets is needed to further constrain the
periods of emplacement. Drilling to the bedrock in order to obtain basal TL datesin at
least three positions within the dune sheets (north, central, and southern) should be a
high priority for this direction of research. Without these data, a maximum age of dune
sheet emplacement cannot be predicted. These basal dates could also tie the ODNRA
into agloba model of coastal dune advance, i.e., comparison to widely dated dunes of
Australia and Europe.

The proposed low-stand supply model of the ONDRA dunefields signifiesa
change in interpretation of the dune sheet origins. The commonly accepted notion of
recent |ate-Hol ocene dune advance from the current shoreface is not supported by the
late-Pleistocene TL ages. Theses results should impact neotectonic studies (marine
terrace dating), archeology (searches for pre-Hol ocene occupation sites), and nearshore

sedimentology (source of modern beach sand) in the ONDRA study area
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Conclusions

The ultimate source of sand for the Florence and Coos Bay dune sheets, as
evidenced by sand heavy minera analysis and trendsin grain size, is the High Cascades
and, to alesser extent, the Klamath Mountains, both drained by the Umpqua River.
Differences between ratios of hypersthene (a Cascade tracer minera) to total pyroxenes
of the dune sands from the Umpqua River have a standard deviation of 3 percent,
indicating awell-matched source. Trend surfacing of the dune sheets revealed sand
generally became finer to the north, indicating an emplacement vector from the south or
from the north, depending on the interpretation of the fining northward pattern. The
southern source emplacement direction agrees with previous research of paleowind
indicators (Ortiz et a., 1997). The northern emplacement source does agree with dune
migration azimuths for the two dune sheets and with the Holocene shelf mineralogy of
Scheidegger et al., (1971). Northwestern summer winds are influencing the dunes to
migrate in a southeastern direction. Topography of the Coast Range could be
influencing the wind and thus impacting the eastern stabilized dunesin alocalized
manner, leading to complex transport directions.

The Coos Bay and Florence dune sheets are not features emplaced during entirely
during the Holocene. Rather, they were largely emplaced during the late Pleistocene. A
thermoluminesence date at 70.2 TLY BP clearly indicates the Pleistocene origins of at
least the Florence dune sheet. The timing of emplacement is complex, with at |east one
early advance at ~70 ka (TLY BP), many dunes becoming stable at the eastern edge of
the dune sheet, and some within 1000 meters of the current shoreline, between 38-30 ka

(TLYBP). Finaly, younger dates at the Siudaw Coast Guard Station (6 ka) and at the
110



Tree Island site (0.7 ka) and the deflation plain dates al point to alate Holocene sand
supply event. Although minor by comparison to the late Pleistocene dune advance, it
was significant on the western side of the dune complex.

Rise and fall of sealevel during these times forced shorelines to advance and
retreat over the continental shelf multiple times. Once sealevel dropped and these
shorefaces were abandoned, the sand associated with it would be exposed to eolian
action, which would transport the sand onshore. This model of sand being blown
onshore during alow stand of sealevel is contrary to previous assumptions of dune
emplacement. Formerly, common thought was that the dunes were Holocene features
emplaced during the last 6,000 years. This age corresponds with compl etion of the rapid
rise of sealevel following the last glacial maximum at approximately 18,000 ka. This
riseis believed to have forced the sand to elevations previoudy not reached by the
shoreline. Subsequently, the sand would then blow inland to terrains without any
previous eolian dunes.

Thislow stand model presented here entails the highly variable sealeve forcing
sand inland, then retreating relatively rapidly. The sand that was forced inland has now
been abandoned by wave action and isleft on arelatively flat continental shelf. This
sand is now exposed to wind, which then drives the sand inland in a northeasterly
direction. This sand will be blown until it encounters a resistant feature, in which case it
will accumulate until sand supply is exhausted, or the feature is buried and the dune
continue. Thismode at least partialy explains the thick, deep, and wide portion of the

northern Florence dune sheet.
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The dunes of the ODNRA are Pleistocene features that could be indicative of
coastal dunes across western North America. The numerous coastal dunes could signify
amajor advance of sand that is related not only to local sand supply, but more
importantly, to large-scale regiona effects of sealevel on the emplacement, timing, and

extent of coastal dunes.
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Appendix A: Grain size, pH, and soil color analyses

Core: Date Collected: UTM Zone 10: Elevation (m):
JN1 12-Dec-96 396390 E 4800020 N 90
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
5 5.03 0.03 0.00 75YR6/8 | 5YRA4/6
15 4.98 0.02 0.00 2.5Y6/4 10YR5/4
80 5.08 0.03 0.00 2.5Y7/4 10YR5/4
120 5.08 0.07 0.01 2.5Y6/4-7/4 | 10YR5/6
10YR6/6 | 7.5YR4/6
180 513 0.09 0.01 some some
10YR6/8 | 10YR5/8
230 5.18 0.16 0.04 2.5Y7/6 10Y R5/4
250 5.10 0.17 0.04 2.5Y7/4 2.5Y5/4
280 5.55 0.16 0.04 2.5Y7/6 2.5Y5/4
Core: Date Collected: UTM Zone 10: Elevation (m):
HB1 13-Dec-96 410200 E 4875670 N 25
Sample pH Meansize | StDev(mm) | Dry Color Moist
Depth (mm) color
0 5.25 Leaf matter (clumped)
10YR7/1 -
5 4.68 0.12 0.02 mainly 10YR5/1
humus
15 5.40 0.12 0.02 10YR7/2 | 10YR4/1
30 5.65 0.14 0.04 2.5Y6/4 2.5Y5/4
50 5.18 0.14 0.04 25Y7/4 2.5Y5/3
70 5.73 0.14 0.04 2.5Y7/3 2.5Y5/3
90 5.40 0.13 0.04 25Y7/3 2.5Y5/3
110 5.65 0.13 0.04 2.5Y7/3 2.5Y5/3
130 5.78 0.15 0.04 2.5Y7/2 2.5Y5/2
150 5.75 0.13 0.04 25Y7/2 2.5Y5/2
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Core: Date Collected: UTM Zone 10: Elevation (m):
NA1 10-Dec-96 Not recorded Not recorded
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
2 5.13 0.17 0.04 10YR7/1 | 10YR5/1
5 5.30 0.17 0.04 10YR7/2 | 10YR5/3
15 5.15 0.18 0.05 10YR7/2 | 10YR5/3
25 5.23 0.18 0.05 25Y7/3 2.5Y5/3
35 5.15 0.19 0.05 25Y7/3 2.5Y5/3
45 5.28 0.19 0.05 25Y7/3 2.5Y5/3
Core: Date Collected: UTM Zone 10: Elevation (m):
NA2 10-Dec-96 Not recorded Not recorded
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
25Y7/2 -
5 4.38 0.17 0.04 humus 2.5Y5/2
material
2 5.98 0.18 0.04 2.5Y7/3 2.5Y5/3
6 6.00 0.19 0.05 25Y7/3 2.5Y5/3
15 5.85 0.18 0.04 25Y7/4 2.5Y5/4
30 6.00 0.17 0.04 2.5Y7/4 2.5Y5/4
50 6.00 0.20 0.05 25Y7/3 2.5Y6/3
Core: Date Collected: UTM Zone 10: Elevation (m):
NA4 10-Dec-96 Not recorded Not recorded
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
-15 5.73 0.18 0.05 2.5Y7/2 2.5Y6/3
-5 5.90 0.15 0.04 2.5Y7/2 2.5Y6/3
10YR6/1 -
1 5.93 71 2.5Y4/1
3 6.03 25Y7/1 2.5Y5/1
7 5.70 0.16 0.04 25Y7/2 2.5Y6/2
15 5.45 0.17 0.04 2.5Y7/4 2.5Y5/4
30 5.70 0.18 0.05 2.5Y7/6 2.5Y5/4
50 5.80 0.17 0.04 25706~ | 25514
25Y7/6 - | 25Y5/4 -
70 6.20 0.18 0.04 6/6 5/6
90 6.08 0.19 0.05 2.5Y7/4 2.5Y5/4
110 6.00 0.18 0.05 25Y7/3 2.5Y5/4

120



Core: Date Collected: UTM Zone 10: Elevation (m):
GO01 11-Dec-96 400830 E 4806340 N 30
Sample pH Meansize | S Dev(mm) | DryColor Moist
Depth (mm) color

0 5.05

5 5.05 0.11 0.02 10Y5ng/ 4- | 10vRa/4
15 5.08 0.09 0.02 10YR6/6 | 10YR4/4
30 5.00 0.09 0.02 10YR6/6 10YR4/4
50 5.23 0.10 0.02 10YR6/6 10YR4/4
70 5.30 0.16 0.04 10YR7/6 | 10YR5/6
90 5.38 0.17 0.04 10YR7/6 10YR5/6
110 5.35 0.19 0.04 10YR7/6 10YR5/6
130 5.35 0.26 0.07 2.5Y7/6 2.5Y6/6
150 5.50 0.23 0.07 25Y7/4 2.5Y5/4
170 5.43 0.26 0.06 25Y7/4 2.5Y5/4
190 5.20 0.24 0.07 25Y7/4 2.5Y5/4
210 5.18 0.22 0.06 25Y7/4 2.5Y5/4
230 5.18 0.24 0.06 2.5Y7/4 2.5Y5/4
250 5.40 0.22 0.07 25Y7/4 2.5Y5/4
270 5.45 0.22 0.07 25Y7/4 2.5Y5/4
290 5.20 0.21 0.06 25Y7/4 2.5Y5/4
310 5.13 0.22 0.07 25Y7/4 2.5Y5/4
330 5.20 0.23 0.06 2.5Y7/4 2.5Y5/4
350 5.28 0.17 0.03 25Y7/4 2.5Y5/4
370 5.23 0.16 0.03 2.5Y7/4 2.5Y5/4
390 5.28 0.15 0.03 2.5Y7/3 2.5Y5/4
410 5.38 0.16 0.03 25Y7/3 2.5Y5/4
430 5.33 0.15 0.03 2.5Y7/3 2.5Y5/4
450 5.30 0.14 0.03 25Y7/4 2'5;(/2/ 4-
470 5.35 0.16 0.03 2.5Y7/4 2.5Y5/6
490 5.50 0.16 0.03 25Y7/4 2.5Y5/6
510 5.50 0.23 0.06 2.5Y7/4 2.5Y5/6
530 5.55 0.22 0.06 25Y7/3 2.5Y5/4
550 5.55 0.22 0.06 25Y7/3 2.5Y6/4
570 5.43 0.22 0.07 2.5Y7/3 2.5Y6/4
590 5.35 0.22 0.06 25Y7/3 2.5Y6/4
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Core: Date Collected: UTM Zone 10: Elevation (m):
EM1 12-Dec-96 396250 E 4804060 N 12
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
0 4.85 leaf litter
10YR4/2 +
5 4.65 0.07 0.01 humus 10YR2/2
material
15 4.63 0.09 0.01 10YR4/2 10YR2/2
30 5.20 0.14 0.03 10YR4/3 | 10YR3/3
50 5.23 0.06 0.01 10YR4/3 | 10YR3/3
70 4.88 0.07 0.01 10YR5/4 10YR4/4
10YR5/4 10YR4/4
90 5.53 0.16 0.03 and 7/8 and 5/8
110 5.55 0.18 0.04 10YR7/8 10YR5/8
130 5.50 0.19 0.03 2.5Y7/6 2.5Y5/4
150 5.28 0.23 0.05 25Y7/4 2.5Y5/4
170 5.23 0.26 0.04 2.5Y7/3 2.5Y5/4
190 5.23 0.30 0.04 2.5Y7/2 2.5Y6/3
10YR6/4
210 4.95 0.29 0.04 andsome | 5y pa3
humus
material
2.5Y7/3 and
230 5.00 0.32 0.04 some 2.5Y5/3
10YR6/4
265 5.13 0.22 0.05 2.5Y7/3 2.5Y6/3
275 5.45 0.17 0.03 2.5Y7/2 2.5Y6/3
250 5.10 0.25 0.04 25Y7/3 2.5Y6/3
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Core: Date Collected: UTM Zone 10: Elevation (m):
NA3 10-Dec-96 Not Recorded Not Recorded
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
1 5.60 0.15 0.04 10YR7/2 2.5Y6/3
6 6.30 0.19 0.05 2.5Y7/3 2.5Y5/3
15 6.23 0.19 0.05 2.5Y7/3 2.5Y5/3
30 6.28 0.21 0.06 2.5Y7/4 2.5Y5/4
50 5.93 0.21 0.06 10Y R6/6 10YR5/4
10YR5/6 -
some
70 5.75 0.21 0.06 10YR4/6 10YR5/4
and 2.5Y7/4
90 5.90 0.21 0.06 2.5Y7/4 2.5Y5/4
110 6.08 0.21 0.06 25Y7/2 2.5Y5/3
130 6.15 0.23 0.06 25Y7/2 2.5Y5/3
150 6.23 0.22 0.06 25Y7/2 2.5Y5/3
250 6.00 0.22 0.06 2.5Y7/2 2.5Y5/3
Core: Date Collected: UTM Zone 10: Elevation (m):
RD1 10-Dec-96 402720 E 4820420 N 134
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
40 4.93 0.07 0.01 10YR5/4 10YR4/4
80 5.28 0.07 0.01 10YR5/6 10YR4/4
150 5.18 0.07 0.01 10YR5/4 10YR4/4
160 5.18 0.08 0.01 10vRels | 10T
200 5.03 0.14 0.03 10Y R6/6 10YR5/6
250 4.88 0.17 0.03 2.5Y7/6 10YR5/6
300 5.10 0.19 0.04 2.5Y7/6 10YR5/6
350 5.75 0.23 0.05 25Y7/4 2.5Y5/4
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Core: Date Collected: UTM Zone 10: Elevation (m):
NB2 23-Nov-96 411110 E 4860770 N 36
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
5 4.20 0.05 0.01 10YR5/3 | 10YR3/3
15 4.43 0.06 0.01 10YR5/3 | 10YR3/3
30 4.50 0.04 0.00 10YR5/4 | 10YRA4/3
50 4.53 0.07 0.01 10YR6/4 | 10YR4/3
70 4.78 0.15 0.03 25Y7/4 | 25Y5/4
90 5.10 0.20 0.05 2.5Y7/6 2.5Y5/4
110 5.20 0.18 0.04 25Y7/6 | 25Y5/4
130 5.33 0.18 0.04 2.5Y7/4 2.5Y5/4
150 5.35 0.17 0.04 2.5Y7/6 2.5Y5/4
170 5.43 0.20 0.05 25Y7/4 2.5Y5/4
190 5.70 0.20 0.04 2.5Y7/4 2.5Y5/4
210 5.38 0.22 0.04 25Y7/4 2.5Y5/4
230 5.38 0.24 0.05 25Y7/3 2.5Y5/4
250 5.35 0.23 0.05 2.5Y7/3 2.5Y5/4
Core: Date Collected: UTM Zone 10: Elevation (m):
HB2 3-Dec-96 409530 E 4876600 N 18
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
0 4.90 leaf litter
5 5.70 0.18 0.03 2.5Y6/2 2.5Y5/2
15 5.95 0.16 0.04 25Y7/2 2.5Y5/3
30 5.73 0.18 0.04 25Y7/2 2.5Y5/3
50 5.90 0.18 0.04 25Y7/2 2.5Y5/3
70 6.08 0.17 0.04 25Y7/2 2.5Y5/3
90 5.98 0.17 0.04 25Y7/2 2.5Y5/3
110 6.15 0.16 0.04 2.5Y7/2 2.5Y5/3
130 6.15 0.17 0.04 25Y7/2 2.5Y5/3
150 6.30 0.19 0.05 2.5Y7/2 2.5Y5/3
170 6.10 0.18 0.05 25Y7/2 2.5Y5/3
190 6.08 0.16 0.04 2.5Y7/2 2.5Y5/3
230 6.15 0.16 0.04 25Y7/2 2.5Y5/3
250 5.90 0.16 0.04 25Y7/2 2.5Y5/3
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Core: Date Collected: UTM Zone 10: Elevation (m):
LL1 5-Dec-96 407810 E 4853640 N 49
Sample pH Meansize | S Dev(mm) | DryColor Moist
Depth (mm) color
0 4.60 litter - leaf and humus material
10YR7/1 | too much
5 4.38 0.14 0.02 some humus | humusto
material tell
15 450 0.14 0.02 10YRO/L | 4oy Ra;
some roots
10YR 6/6
25 473 0.8 0.03 some/y | 102
and 7/6
2.5Y5/4
35 4,95 0.18 0.05 10YR6/6 10YR3/4
and 7/6
50 4,85 0.18 0.05 2'5\7(/2/ 4- | 25v44
70 5.28 0.18 0.04 2.5Y7/4 2.5Y4/4
90 5.45 0.18 0.05 25Y7/4-713 | 25Y5/4
110 5,50 0.18 0.05 25Y7/3 2'5;(/2/ 4-
130 5,60 0.19 0.05 25Y7/2 2'5;(/2/ 4-
150 575 0.19 0.05 25Y7/2 2.5Y5/3
170 5.65 0.20 0.06 25Y7/2 2.5Y5/3
190 5.85 0.23 0.06 25Y7/2 2.5Y5/3
210 5.85 0.20 0.05 25Y7/2 2.5Y5/3
230 5.85 0.20 0.05 25Y7/2 2.5Y5/3
250 5.85 0.20 0.05 25Y7/2 2.5Y5/3
270 6.00 0.18 0.05 2.5Y7/2 2.5Y5/3
290 6.00 0.18 0.04 25Y7/2 2.5Y5/3
310 5.95 0.17 0.04 25Y7/2 2.5Y5/3
330 5.90 0.18 0.05 25Y7/2 2.5Y5/3
350 5.90 0.17 0.04 25Y7/2 2.5Y5/3
370 5.85 0.17 0.04 25Y7/2 2.5Y5/3
390 5.95 0.17 0.04 25Y7/2 2.5Y5/3
410 5.90 0.18 0.04 25Y7/2 2.5Y5/3
430 5.85 0.17 0.04 25Y7/2 2.5Y5/3
450 570 0.18 0.04 2.5Y7/2 2.5Y5/3
470 5.80 0.17 0.04 25Y7/2 2.5Y5/3
510 5.80 0.19 0.05 2.5Y7/2 2.5Y5/3
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Core: Date Collected: UTM Zone 10: Elevation (m):
UL1 3-Dec-96 403880 E 4834890 N 67
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
0 383 leat Titter
5 4.40 0.07 0.01 10YRA2 | 5y Royo
some 6/2
15 435 0.07 0.01 10YRS/3 | 15y Ray3
some 5/4
30 4.68 0.07 0.01 10YR5/4 | 10YR3/3
50 478 0.06 0.01 10YR5/4 | 10YR3/4
70 5.30 0.06 0.01 10YRG/4 | 10YR3/4
90 538 0.07 0.01 10YR6/4 | 10YR3/3
110 5,60 018 0.04 25Y6/4 | 25Y4/4
130 555 0.19 0.04 25Y6/4 | 25Y4/4
10YR7/6
150 5,60 0.19 0.04 and 10YR5/6
25Y7/4
170 555 023 0.05 25Y7/4 | 25Y5/4
185 550 0.23 0.06 25Y7/6 | 25Y5/6
195 558 0.08 0.01 25Y7/4 | 10YR5/4
210 545 0.10 0.02 25Y6/4 | 25Y5/4
230 5,53 012 0.02 2'5\&2/ 4- | 10vRs/4
250 538 0.16 003 25Y6/6 | 25Y5/6
2.5Y5/4
270 5.18 0.19 0.05 25Y7/6 and
10YR5/6
290 518 020 0.05 25Y716 | 25Y5/4
310 515 017 0.04 25Y7/6 | 25Y5/4
330 525 018 0.04 25Y7/4 | 25Y5/4
350 5.25 0.18 0.04 25Y7/4 | 25Y5/4
370 5.10 0.19 0.04 25Y7/4 | 25Y5/4
390 5.20 0.18 0.04 25Y7/4 | 25Y5/4
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Core: Date Collected: UTM Zone 10: Elevation (m):
CL1 5-Dec-96 409830 E 4856200 N 25
Sample pH Meansize | S Dev(mm) | DryColor Moist
Depth (mm) color
0 6.00 leaf litter
5 4.90 0.12 0.02 10YRY3 | 40y Ray3
nodules
15 478 0.12 0.02 10YRY3 | 40y Ray3
nodules
25 4.48 0.10 0.02 10YRY3 | 40y Ray3
nodules
10YR5/3 10YRA4/3
nodul es of nodules
35 4.38 0.10 0.02 43 & 63 of 2/2 &
mixed 4/3
45 5.38 0.11 0.02 10Y R6/4 10YRA4/3
55 5.45 0.11 0.02 10Y R6/4 10YR4/3
70 5.43 0.11 0.02 10Y R6/4 10YRA4/3
0 5.30 0.11 0.02 10Y R6/4 10YRA4/3
110 5.28 0.14 0.02 10YR7/4 | 10YR4/4
130 5.38 0.18 0.05 25Y7/6 2.5Y5/4
150 535 0.19 0.05 2.5Y7/6 2.5Y5/4
170 5.50 0.19 0.05 25Y7/6 2.5Y5/4
190 5.45 0.22 0.04 25Y7/6 2.5Y5/4
210 5.45 0.17 0.04 25Y6/4 | 25Y5/4
230 5.60 0.18 0.04 2.5Y6/4 2.5Y5/4
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Core: Date Collected: UTM Zone 10: Elevation (m):
VG1 12-Dec-96 398410 E 4806560 N 49
Sample pH Meansize | S Dev(mm) | DryColor Moist
Depth (mm) color
10YR6/3 1%52’3
5 5.25 0.14 0.03 nodules of
628 73 | O 2&
5/4
10YR6/3- | 10YR5/3
6/4 nodules | nodules
15 5.20 0.14 0.03 of 612, 713 of 5/2.
& 6/6 5/4 & 56
30 5.08 0.19 0.04 10YR6/6 | 10YR4/4
50 5.23 0.24 0.06 2'5\7(/2/ 6- | 10vre6
70 5.35 0.23 0.05 25Y7/4 2.5Y5/4
90 5.30 0.24 0.05 25Y7/4 2.5Y5/4
110 5.25 0.24 0.05 25Y7/4 2.5Y5/4
130 5.15 0.23 0.05 25Y7/4 2.5Y5/4
150 5.00 0.22 0.05 2.5Y7/4 2.5Y5/4
Core: Date Collected: UTM Zone 10: Elevation (m):
VG2 12-Dec-96 398490 E 4806490 N 49
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
3 4.03 0.13 0.02 10YR6/1 | 10YR4/1
10YR6/1 -
9 4.73 0.13 0.02 211 nodules 10YR5/1
8 4.73 0.14 0.02 10YR6/2 1 4 5y Reyp
nodules
15 443 0.15 0.03 10YREI3 | 15y Rey/3
nodules
30 4.70 0.16 0.04 10YRE4 | 10y R4
nodules
50 5.45 0.18 0.05 25Y7/4 2.5Y5/4
70 5.53 0.16 0.04 25Y7/3 2.5Y5/4
90 5.58 0.16 0.04 25Y7/2 2.5Y5/3
110 5.53 0.16 0.04 25Y7/2 2.5Y5/3
130 5.48 0.16 0.04 25Y7/2 2.5Y5/3
150 5.65 0.16 0.04 25Y7/2 2.5Y6/3
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Core: Date Collected: UTM Zone 10: Elevation (m):
MS1 Not Recorded 413090 E 4872550 N 55
Sample pH Meansize | S Dev(mm) | DryColor Moist
Depth (mm) color
0 4.85 leaf litter
5 463 0.7 0.04 25Y613 | 5 a3
with litter
2.5Y5/4,
25Y6/4 nodules
with roots, of
15 5.25 0.16 0.04 nodules 2 BY5/6
10Y R6/6 &
10YR5/6
30 5.68 0.16 0.04 25Y7/4 2.5Y5/4
50 5.78 0.16 0.04 25Y7/2 2.5Y6/3
70 6.03 0.16 0.04 25Y7/2 2.5Y6/3
90 5.90 0.15 0.04 25Y7/2 2.5Y6/3
110 5.88 0.16 0.04 2.5Y7/2 2.5Y6/3
130 6.10 0.16 0.04 25Y7/2 2.5Y6/3
150 6.20 0.15 0.04 25Y7/2 2.5Y6/3
170 6.13 0.15 0.04 25Y7/2 2.5Y6/3
190 6.03 0.15 0.04 25Y7/2 2.5Y6/3
210 6.10 0.15 0.04 2.5Y7/2 2.5Y5/3
230 6.13 0.17 0.04 25Y7/2 2.5Y5/3
248 6.00 0.17 0.04 25Y7/2 2.5Y5/3
263 5.85 0.17 0.04 2.5Y7/3 2.5Y5/3
275 5.90 0.17 0.04 25Y7/2 2.5Y5/3
290 6.05 0.17 0.04 25Y7/2 2.5Y5/3
310 6.08 0.17 0.04 25Y7/2 2.5Y5/3
330 6.10 0.16 0.04 25Y7/2 2.5Y5/3
350 6.23 0.18 0.04 2.5Y7/2 2.5Y5/3
370 6.08 0.17 0.04 25Y7/2 2.5Y5/3
390 6.10 0.16 0.04 25Y7/2 2.5Y5/3
410 6.18 0.18 0.04 25Y7/2 2.5Y5/3
430 6.10 0.17 0.04 2.5Y7/2 2.5Y5/3
450 6.13 0.17 0.04 2.5Y7/2 2.5Y5/3
470 6.00 0.17 0.04 Missing Missing
490 6.10 0.16 0.04 25Y7/2 2.5Y5/3
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Core: | Date Collected: UTM Zone 10: Elevation (m):
SP1 1-Dec-96 406080 E 4844150 N 6
Sample pH Meansize | S Dev(mm) Dry Color Moist
Depth (mm) color
5 5.20 0.10 0.02 10YR5/3 10YR4/3
15 4.93 0.11 0.02 10YR6/3 10YR5/3
30 5.43 0.10 0.02 1OV~ | 10vRer3
50 558 0.10 0.02 10YRS3 | 15y Rar
charcoa
70 5.50 0.10 0.02 10YR5/3 10YRA4/2
90 5.40 0.08 0.01 10YR5/4 10YR4/4
10YR4/2& | 10YR2/1
110 5.18 0.09 0.01 5/4 & 4/4
130 5.38 0.08 0.01 10Y R6/4 10YR4/3
150 5.33 0.05 0.01 10Y R6/4 10YR4/4
170 5.30 0.07 0.01 10YR5/4 10YR3/3
190 5.50 0.07 0.01 10YR6/4 10YR4/4
210 5.43 0.09 0.01 10YR6/4 10YR4/4
230 5.58 0.07 0.01 2.5Y7/4 2.5Y5/4
255 5.50 0.09 0.01 25Y7/4 10Y R5/4
275 5.40 0.10 0.02 10YR7/6 10YR5/6
10YR7/6 -
290 5.30 0.18 0.05 > BYR7/6 10YR5/6
310 5.10 0.19 0.05 10YR7/6 10Y R5/6
330 5.08 0.18 0.04 2.5Y6/4 2.5Y5/4
390 5.63 0.16 0.04 2.5Y6/4 2.5Y5/4
Core: | Date Collected: UTM Zone 10: Elevation (m):
RO1 24-Nov-96 403620 E 4824850 N 6
Sample pH Meansize | S Dev Dry Color Moist
Depth (mm) (mm) color
30 4,78 0.07 0.01 10YR5/4 10YR3/4
60 4.95 0.08 0.01 10YR6/4&5/4 10YR3/3
100 5.48 0.16 0.04 25Y7/4&10YR7/6 | 2.5Y5/4
150 5.30 0.21 0.06 25Y7/6 & 10YR7/6 | 2.5Y5/4
200 5.53 0.17 0.04 25Y7/6 & 10YR7/6 | 2.5Y5/4
250 5.65 0.18 0.04 25Y7/4& 10YR7/4 | 25Y5/4
300 5.55 0.18 0.04 25Y7/4& 10YR7/4 | 2.5Y5/4
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Core: | Date Collected: UTM Zone 10: Elevation (m):
MA1 27-Nov-96 402600 E 4822420 N 37
Sample pH Meansize | & Dev(mm) Dry Color Moist
Depth (mm) color
0 6.20 Leaf litter
0 4.95 0.05 0.01 10YR5/4 10YR3/4
10 5.80 0.06 0.01 10YR5/4 10YR3/4
30 5.43 0.05 0.01 10YR5/6 10YR3/3
50 5.63 0.05 0.01 10Y R5/4 10YR4/4
70 5.45 0.06 0.01 10YR5/4 10YR4/4
90 5.53 0.06 0.01 10Y R6/4 10YR4/4
105 5.25 0.08 0.01 10YR6/4 10YR4/4
10YR6/4 & | 10YR4/6 -
115 5.10 0.16 0.03 6/6 44
130 4.85 0.22 0.08 10YR6/6 10YR4/6
150 4.88 0.22 0.07 2.5Y7/6 2.5Y5/6
170 4.80 0.25 0.06 2.5Y7/4 2.5Y5/4
190 4.73 0.24 0.06 2.5Y7/4 2.5Y5/4
210 4.75 0.23 0.05 2.5Y7/3 2.5Y5/3
230 4.70 0.24 0.06 2.5Y7/3 2.5Y6/3
250 4.73 0.24 0.06 2.5Y7/3 2.5Y6/3
270 5.10 0.25 0.06 2.5Y7/3 2.5Y6/3
290 4.98 0.26 0.06 2.5Y7/3 2.5Y6/3
310 4.95 0.26 0.06 2.5Y7/3 2.5Y6/3
330 5.43 0.22 0.05 2.5Y7/3 2.5Y6/3
350 5.70 0.17 0.03 2.5Y7/4 2.5Y6/6
370 5.68 0.17 0.03 2.5Y7/4 2.5Y6/6
390 5.30 0.04 0.00 2.5Y6/4 2.5Y6/4
2.5Y 8/3,
410 5.25 0.02 0.00 13,768 1 svere
some hard
6/3
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Core: | Date Collected: UTM Zone 10: Elevation (m):
LK1 24-Nov-96 403690 E 4825870 N 25
Sample pH Meansize | & Dev(mm) Dry Color Moist
Depth (mm) color
0 4.33 Leaf litter
0 3.75 litter and humus
10 4.88 0.18 0.03 25Y7/2 10Y R5/2
25Y7/4 &
15 5.40 0.17 0.04 10YR7/2 2.5Y5/4
25Y7/14 &
30 5.08 0.16 0.04 10YR6/4 2.5Y5/4
25Y7/14 &
50 5.43 0.16 0.04 10YR6/4 2.5Y5/4
70 5.73 0.15 0.04 25Y7/4 2.5Y5/4
90 6.00 0.15 0.04 2.5Y7/3 2.5Y5/3
110 6.05 0.16 0.04 25v73 | ZOV
130 6.10 0.14 0.04 2.5Y7/2 2.5Y6/3
150 6.18 0.14 0.04 25Y7/2 2.5Y6/3
170 6.00 0.15 0.04 2.5Y7/2 2.5Y6/3
190 6.15 0.13 0.05 2.5Y7/2 2.5Y6/3
210 6.15 0.13 0.05 25Y7/2 2.5Y6/3
230 6.18 0.15 0.04 2.5Y7/2 2.5Y6/3
250 6.18 0.14 0.04 25Y7/2 2.5Y6/3
270 6.18 0.14 0.04 2.5Y7/2 2.5Y6/3
290 6.10 0.17 0.04 2.5Y7/2 2.5Y6/3
310 6.20 0.18 0.05 25Y7/2 2.5Y6/3
330 6.00 0.19 0.05 2.5Y7/2 2.5Y6/3
350 6.10 0.21 0.05 25Y7/2 2.5Y6/3
370 6.03 0.19 0.05 25Y7/2 2.5Y6/3
390 6.08 0.17 0.04 2.5Y7/2 2.5Y6/3
410 6.18 0.17 0.04 25Y7/2 2.5Y6/3
430 6.13 0.17 0.04 2.5Y7/2 2.5Y6/3
450 6.28 0.17 0.04 2.5Y7/2 2.5Y6/3
470 6.30 0.17 0.04 25Y7/2 2.5Y6/3
510 6.30 0.17 0.04 2.5Y7/2 2.5Y6/3
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Core: | Date Collected: UTM Zone 10: Elevation (m):
LK2 25-Nov-96 403370 E 4826000 N 25
Sample pH Meansize | & Dev(mm) Dry Color Moist
Depth (mm) color
0 4.13 litter and humus
5 4.23 0.15 0.04 25Y7/1-7/2 | 25Y5/2
15 4.93 0.16 0.04 2.5Y6/3 2.5Y5/3
30 5.80 0.17 0.04 2.5Y6/4 2.5Y5/4
50 6.00 0.17 0.04 2.5Y6/4 2.5Y5/4
70 5.85 0.17 0.04 2.5Y7/3 2.5Y5/4
90 5.58 0.15 0.04 2.5Y7/3 2.5Y5/3
110 5.65 0.15 0.04 2.5Y7/3 2.5Y5/3
130 555 0.17 0.04 2.5Y7/2 2.5Y6/3
150 6.28 0.18 0.04 2.5Y7/2 2.5Y6/3
170 6.23 0.19 0.05 2.5Y7/2 2.5Y6/3
190 6.18 0.19 0.05 2.5Y7/2 2.5Y6/3
210 6.03 0.18 0.05 2.5Y7/2 2.5Y6/3
230 5.63 0.19 0.05 2.5Y7/2 2.5Y6/3
250 6.15 0.19 0.05 2.5Y7/2 2.5Y6/3
270 6.00 0.19 0.05 2.5Y7/2 2.5Y6/3
290 5.93 0.19 0.05 2.5Y7/2 2.5Y6/3
310 5.83 0.18 0.05 2.5Y7/2 2.5Y6/3
330 5.70 0.19 0.05 2.5Y7/2 2.5Y6/3
350 5.90 0.18 0.05 2.5Y7/2 2.5Y6/3
370 5.85 0.17 0.05 2.5Y7/2 2.5Y6/3
390 5.85 0.18 0.05 2.5Y7/2 2.5Y6/3
410 5.90 0.18 0.05 2.5Y7/2 2.5Y6/3
430 5.58 0.19 0.05 2.5Y7/2 2.5Y6/3
450 6.18 0.19 0.05 2.5Y7/2 2.5Y6/3
470 6.08 0.17 0.05 2.5Y7/2 2.5Y6/3
510 5.70 0.18 0.05 2.5Y7/2 2.5Y6/3
Core: | Date Collected: UTM Zone 10: Elevation (m):
PA1 23-Nov-96 401470 E 4815050 N 43
Sample pH Meansize | S Dev(mm) | DryColor | Moist color
Depth (mm)
10 3.85 0.04 0.00 10YR4/3 10YR3/3
40 4.23 0.05 0.01 10YR5/4 10YR4/4
80 4.85 0.08 0.01 10Y R6/4 10Y R5/4
100 5.00 0.13 0.02 10Y R6/4 10Y R5/4
130 5.15 0.18 0.04 25Y7/4 2.5Y5/4
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Core: | Date Collected: UTM Zone 10: Elevation (m):
SHS 22-Nov-96 401860 E 4815250 N 37
Sample pH Meansize | S Dev(mm) | DryColor | Moist color
Depth (mm)
35 4.88 0.04 0.00 10YR5/3 10YR4/3
65 4.80 0.04 0.00 10YR5/3 10YR4/3
2.5Y6/3
105 5.05 0.12 0.02 ome | 222 S
10Y R6/8
25Y7/6 &
155 5.05 0.19 0.05 10YR7/8 2.5Y5/6
25Y7/14& | 25Y6/4&
205 5.23 0.19 0.05 7 5YR5/8 3/4
240 5.50 0.04 0.01 25Y7/2 2.5Y5/3
25Y7/14& | 25Y5/4 &
310 558 0.08 0.01 10YR6/8 7.5YR5/8
Core: | Date Collected: UTM Zone 10: Elevation (m):
SC1 23-Nov-96 402260 E 4816060 N
Sample pH Meansize | S Dev (mm) Dry Color Moist
Depth (mm) color
25 5.20 0.09 0.01 10Y R5/4 10Y R4/4
45 5.10 0.10 0.02 10Y R6/4 10YR4/4
70 4.85 0.10 0.02 10YR5/3 10Y R4/4
90 5.40 0.11 0.02 2.5Y7/1 2.5Y5/2
115 5.23 0.31 0.06 25Y7/3 2.5Y5/4
140 5.25 0.25 0.05 2.5Y7/4 2.5Y6/4
180 5.30 0.21 0.06 2.5Y7/4 2.5Y5/4
Core: | Date Collected: UTM Zone 10: Elevation (m):
SW1 23-Nov-96 401470 E 4811770 N 25
Sample pH Meansize | & Dev (mm) Dry Color Moist
Depth (mm) color
S 5.35 0.19 0.05 25Y7/4 2.5Y5/4
35 450 0.10 0.02 10Y R5/4 10YR3/4
60 4.98 0.11 0.02 10Y R6/4 10Y R4/4
95 5.30 0.24 0.06 2.5Y7/6 2.5Y5/6
140 5.40 0.09 0.02 2.5Y7/4 2.5Y5/4
180 5.35 0.22 0.06 10YR7/8 10YR5/8
270 5.25 0.25 0.07 2.5Y7/6 2.5Y5/4
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Core: | Date Collected: UTM Zone 10: Elevation (m):
ME1 9-Dec-96 414120 E 4877280 N 12
Sample pH Meansize | & Dev (mm) Dry Color Moist
Depth (mm) color
0 5.10 leaf litter
5 5.15 0.13 0.02 10YR5/3 10YR3/3
15 5.00 0.10 0.02 10YR5/3 10YR3/3
25 5.25 0.14 0.02 10YRS5/3 10YR3/3
35 5.18 0.14 0.02 10YR5/3 10YR3/3
50 5.05 0.15 0.03 10YR5/3 10YR3/3
70 4.95 0.23 0.05 10YR6/6 10YR5/6
90 5.15 0.22 0.05 2.5Y6/4 10YR5/4
110 4.93 0.22 0.05 2.5Y6/4 2.5Y5/4
130 4.98 0.21 0.05 2.5Y7/4 2.5Y5/4
150 4.90 0.22 0.05 2.5Y7/4 2.5Y5/4
170 493 0.22 0.05 25Y7/4 2.5Y5/4
190 5.35 0.21 0.04 2.5Y7/4 2.5Y5/4
210 5.30 0.22 0.05 2.5Y7/4 2.5Y5/4
230 5.23 0.24 0.06 2.5Y7/3 2.5Y5/3
250 5.25 0.21 0.05 2.5Y7/3 2.5Y5/3
270 5.25 0.20 0.05 2.5Y7/3 2.5Y5/3
290 5.55 0.25 0.05 2.5Y7/3 2.5Y5/3
310 5.30 0.27 0.05 2.5Y7/6 2.5Y5/4
2.5Y5/6
330 5.30 0.23 0.05 2;\({ IZ’/S?S& &
5YR3/4
350 5.40 0.24 0.05 2.5Y7/6 2.5Y5/4
370 5.00 0.25 0.05 2.5Y7/6 2.5Y5/4
390 5.35 0.26 0.05 2.5Y7/4 2.5Y5/4
410 5.25 0.29 0.04 2.5Y7/4 2.5Y5/4
430 5.40 0.24 0.04 2.5Y7/3 2.5Y5/3
450 5.30 0.23 0.04 2.5Y7/3 2.5Y5/3
2.5Y5/3
470 5.45 0.13 0.02 27%\@/% /% &
' 5YR4/6
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Core: | Date Collected: UTM Zone 10: Elevation (m):
UD1 26-Nov-96 402900 E 4831310 N 37
Sample pH Meansize | & Dev (mm) Dry Color Moist
Depth (mm) color
0 5.48 litter and humus
5 4.95 0.18 0.03 litter and humus

15 4.28 0.17 0.03 10YR7/1 10YR4/1

25 4.28 0.16 0.03 10YR7/1 10YR4/1

35 4.48 0.16 0.04 10YR7/2 10YR5/2

50 4.80 0.17 0.04 10YR7/2 10YR5/2

70 5.40 0.17 0.04 25Y7/4 2.5Y5/4

90 5.85 0.20 0.05 2.5Y7/4 2.5Y5/4
110 6.00 0.17 0.04 2.5Y7/3 2.5Y5/3
130 6.18 0.18 0.05 2.5Y7/3 2.5Y5/3
150 5.83 0.16 0.04 2.5Y7/3 2.5Y5/3
170 5.83 0.15 0.04 2.5Y7/2 2.5Y5/3
190 5.95 0.18 0.05 2.5Y7/2 2.5Y5/3
230 5.85 0.22 0.05 2.5Y7/2 2.5Y5/3
250 553 0.22 0.05 2.5Y7/2 2.5Y5/3
270 5.45 0.22 0.06 2.5Y7/2 2.5Y5/3
290 5.90 0.26 0.07 2.5Y7/2 2.5Y5/3
310 6.00 0.19 0.04 2.5Y7/2 2.5Y5/3
330 5.98 0.22 0.06 2.5Y7/2 2.5Y5/3
350 5.98 0.21 0.05 2.5Y7/2 2.5Y5/3
370 5.55 0.23 0.06 2.5Y7/2 2.5Y5/3
390 6.15 0.21 0.05 2.5Y7/2 2.5Y5/3
410 5.78 0.21 0.06 2.5Y7/2 2.5Y5/3
423 5.38 0.18 0.04 2.5Y7/3 2.5Y5/3
433 5.55 0.20 0.06 2.5Y7/3 2.5Y5/3
450 5.48 0.23 0.07 2.5Y7/2 2.5Y5/3
470 5.55 0.20 0.06 2.5Y7/2 2.5Y5/3
490 5.70 0.19 0.05 2.5Y7/2 2.5Y5/3
510 5.85 0.20 0.06 2.5Y7/2 2.5Y5/3
530 6.00 0.20 0.05 2.5Y7/2 2.5Y5/3
550 6.00 0.21 0.07 2.5Y7/2 2.5Y5/3
570 5.90 0.20 0.05 2.5Y7/2 2.5Y5/3
590 6.05 0.21 0.06 2.5Y7/2 2.5Y5/3
610 5.10 0.20 0.06 2.5Y7/2 2.5Y5/3
650 5.50 0.19 0.05 2.5Y7/2 2.5Y5/3
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Core: | Date Collected: UTM Zone 10: Elevation (m):
SW?2 23-Nov-96 400860 E 4811710 N 18
Sample pH Meansize | & Dev (mm) Dry Color Moist
Depth (mm) color
20 4.60 0.10 0.02 10YR5/4 10YR3/4
40 5.10 0.27 0.06 2.5Y7/4 2.5Y5/4
70 5.20 0.27 0.06 25Y7/4 2.5Y5/4
110 5.15 0.25 0.06 25Y7/4 2.5Y5/4
150 5.05 0.22 0.06 2.5Y7/4 2.5Y5/4
200 5.20 0.25 0.04 2.5Y7/4 2.5Y5/4

137



Appendix B: GIS azimuth data

ADODO0 420000
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Sheet 2

140



3

Sheet
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Appendix C: Vibracore and solid stem auger logs and gradations

Vibracore (with grain size analyses) and solid stem auger stratigraphic

columns
. . . Mean grain | Mean grain
Core Ge(())grﬁg Elc No(rrt:)' g Ea(ftr:)ng Sizetop Size bottom
P (mm) (mm)
Immediately
SD1 behind foredune 4862442 407327 0.1223 0.1472
At the eastern edge
SD2 of vegetated 4861097 408360 0.1246 0.1220
deflation plain
At the mid-section
SD3 of the deflation 4863749 408510 0.1189 0.1251
plane
cpy | Nearthefrontof | ja00/cn | 408650 | 01335 0.2493
the deflation plane
cpp | Netherearofthe | o000 on | 40se50 | 01225 01232
deflation plane
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Cora: GP1
181 om total kength

.
v’/}/f

S

_
i
—125

5
o

o

_
.

Faint 1o sirang
cross-oedding
wi sharp and
gradational
confacts
vibration altered
stesper foresets
at botom o
core

miL-fL
subraunded

Cross-bedded
ﬁ md
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Core: GP2
75 cm total length

Homogeneous sand

friL subrounded

ﬁ Cross-bedded sand

miL subrounded
some vibration effectes

mL subrounded - subangul ar

— 75

— 100
Vibracore
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Core 501

247 cm total length
HO73ZT E
HBE2442 M

,
.
.

Vibracore
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~75 [

_1m e P e R

o

J..F
7

-
-

Very faint cross-
bedding

mL-fl
subrouned

Vibracore
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Core: 503
182 cm fotal length
40BS10 E
ABEIT 4D M

—Th

T s

Vibracore

mL-fil
subrounded
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Core: GP-2a and GP-3b

Location: 4867418 N 409357 E elevation (m): 10

Drilling Method: Geoprobe 0-8.2 m depth, 4° Solid stem auger 8.2-10.7 m depth

0 71 F77] Dunesand .
] Minor soil(7) as
ragments

1 - B

2 - 10
Remains consistent,

3 dune sand. No 11
stratification or layering
apparent.

4

LT

6 -

| Sand with some color,
not in place

T - Organic material in sample

| Loose dune sand

g -

i |

Paleosal - rich in
organics, Finer (silt & clay)
sediments on flights

150



Core: GP-4
Location: 4867576 N 408459 E elevation (m): 1
Drilling Method: 4" Solid stem auger

=+ Hoad aggregate -] Coase sand, with
“ﬁ‘ﬁé% and fill ©-.-.-| broken, rounded shell
=l | [ 7| fragments. (Beach

SEKE = 2oLl sand)

Loose sand, 9 _|
dune sand

10 —

Wood fragments

Wood fragments

Coase sand, with
.o broken, rounded shell
7 |:0w] fragments. (Beach
o007 sand)
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Core: UD-2

Location: 4831802 N 402328 E elevation (m): 3

Drilling Method: 4" Solid stem auger
— 8 _

01 = — -] Coase sand
i Clean dune ~- .| (beach sand)
_ sand B I R
— 9 . .
Transition to fine-
grained sediements
- . with clay fraction
Gray clay amount
2 10 — increases with depth
(bedrock)
3 11 —
Tightly packed
4
5 ]
6 ]
L Transition to coaser
sized grains, gradational
| contact over 0.7 meters
cwoon7| Larger sized grains with lens
g 1 L.~ of coarsergrains
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Appendix D: Well logs and interpretive stratigraphic columns
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State well . . |Elevation| Depth of | Elevation of
Aumber ‘ Address ‘Eastlng Northing (m) sand (m) | contact (m)
LANE 90241 Hwy
101, 4115114881791 | 214 0.0 214
52262
Florence
:—_::—_:D
== ——— 20 feet
===1 Clay
————1 Sandy clay
Sandstone

250" (not
to scale)
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State well

aumber Northing

‘ Address ‘Easting

Elevation| Depthof | Elevation of
(m) sand (m) | contact (m)

LANE
019232

Siudaw W. | 411364
30th &t
Florence

4871404‘ 20.6 ‘ 37.8 ‘ -17.2

Clay

Dune sand

Emﬂ ———— Sand with clay and

————— wood (paleosols)

TR | - I . ‘| Sandstone
4 125'

Sandstone
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State well Address |Easting|Northing Elevation| Depthof | Elevation of

number (m) sand (m) | contact (m)
LANE5526| City of 412496 | 4871024 144 41.7 -27.3
Florence
well field,
28th and

Willow

Dune Sand

©.'% 2] Sand with shell
:'f.é:':"; fragments (beach
sand)

L = o] 140
143
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State well . . |Elevation| Depth of | Elevation of
Aumber ‘ Address ‘Eastlng Northing (m) sand (m) | contact (m)
LANE 2384| 85339 |[412224|4867010| 59.4 28.3 31.1
GlenadaRd,
Florence
- ﬂ'
: D}Eﬂ feet
39
7.]45' == Sandy Clay
====] Clay
‘_:::::—_::—_ Claystone
102 fZzZ]
Dune Sand
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State well . . |Elevation| Depth of | Elevation of
Aumber ‘ Address ‘Eastlng Northing (m) sand (m) ‘ contact (m)
LANE 2393| 05285 [411942|4866851| 51.1 29.0 222
Harvard,
Florence
=0
i 20 feet
Dune sand
Sandy clay
2 Clay and
shale
-] Clay
] (paleosol)

460' (Not
to scale)
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Northing

State well . Elevation| Depthof | Elevation of
number ‘ Address ‘Eastlng (m) sand (m) ‘ contact (m)

LANE |83627 Clear | 412120 | 4861750 37.8 12.2 25.6
021565 | Lake Road,
Florence

28

740" === Claystone

Ef"bl‘f_n."'g ;a’h'-‘ t——

{.‘E"v_"‘-dp-ﬂd

———1 Clay and sand
]

oo g

‘_"‘i'.‘f_"-;‘v. d’N = JFT
TR :.-.:--] Clay, shale, and
@ =5 =ap e =a¢wd| sandstone mix

S
=wd g apo
{.‘IE"% "‘-dpﬂa
S
=wd g apo
{.‘IE"% "‘-dpﬂa
S
= wd g e
{.‘IE"% "‘-dpﬂa
S

=wd g apo

{.‘E"v_"‘-dp-ﬂd

1272
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State well
number

Address

Easting

Northing

(m)

Elevation

Depth of
sand (m)

Elevation of
contact (m)

DOUG 2026

Oregon
Dunes
Overlook
wdll

407589

4854029

52'

53

0
20 feet

41.2

i

48.2

Dune sand

Clay

Sand with
clay

Sandy
clay

Claystone -
sandy

-6.9
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State well
number

Elevation| Depth of

Northing (m) sand (m)

‘ Address ‘Easting

Elevation of
contact (m)

DOUG 2029 Tahkenitch | 407647
Lake

Campground

4849686

10.9 ‘ 12.8

U}ED feet

Dune sand

Pe'>nd =g gp

10 o Sy g o “——— Sandy clay

IS by

Silt and clay

Pe'>nd =g gp

fl mBgtans

g By Py e
AR, . --+| Sandstone,
Pammd=q g st clay, and
—— shale mix

10 55 aap v
oSz
i
10 55 aap v
oSz
i
10 55 aap v

S Do

penadS g i
0 259" (not
to scale)

-1.9
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State well . . |Elevation| Depth of | Elevation of
Aumber ‘ Address ‘Eastlng Northing (m) sand (m) ‘ contact (m)
DOUG 1703 598% | 408585| 4839750 | 16.1 0.0 16.1
Evergreen,
Reedsport
T;T;ﬂl
==V Hgga et
o] 35'
ﬁ Sandy Clay

—={154'

—] Clay

Claystone

| Sandstone

1260
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State well . . |Elevation| Depth of | Elevation of
Aumber ‘ Address ‘Eastlng Northing (m) sand (m) | contact (m)
DOUG 12912 | 404642 | 4830770 | 829 29.0 54.0
10060 Wildwood

Dr., N. Bend

———0
}20 feet

Claystone

Dune sand
74"
T -
- e Sand with
Claystone —— wood (paleosol)

163



State well
number

Elevation| Depth of | Elevation of
(m) | sand (m) | contact (m)

‘ Address ‘ Easting ‘ Northing ‘

12830 404573 4830622
Wildwood
Dr. N. Bend

DOUG
2979

73.9 ‘ 0.0 ‘ 73.9

= ===—] ———-——1 Clay

- Claystone

Shale

167
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State well . , Elevation| Depth of | Elevation of
number ‘ Address ‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)
DOUG 12671 404661 4830354 66.2 4.6 61.7
50103 | Wildwood

Dr. N. Bend

181°

Dune sand

Sandstone

2 Claystone

1180
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State well . , Elevation| Depth of | Elevation of
number ‘ Address ‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)
DOUG 12671 404661 4830354 66.2 4.6 61.7
50103 | Wildwood

Dr. N. Bend

181°

Dune sand

Sandstone

2 Claystone

1180
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State well

. , Elevation| Depth of | Elevation of
number ‘ Address ‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)
COOS 1438|623 Clifton| 403046 4824001 45.0 2.4 42.6
Ct. N. Bend
L g 20 feet
::—:::—_iz_i Claystone
Dune sand

_____ 200'
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State well . , Elevation| Depth of | Elevation of
number ‘ Address ‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)
CO0s237| 7791 402488 4822270 36.8 >29.0 <7.6
Wildwood
Rd. N Bend

= 0 20 foet
e ee

= 35' e

———-] Sandy clay

Dune sand

lgg!
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State well

. , Elevation| Depth of | Elevation of
number ‘ Address ‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)
COO0Ss 7723 402465 4822211 36.5 0.0 36.3
50069 | Wildwood
Dr. N. Bend

== === 20 feet

===13 Claystone

169



State well . , Elevation| Depth of | Elevation of
number ‘ Address ‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)
COO0S1004{ 7400 402629 4821573 79.2 0.6 78.6
Wildwood
Dr. N. Bend
———_— 10
e SN 20 feet
B ;7270 | Sandstone
=57
 ====5 et .
(== == ————1 Sand with
______ 75"  E== clay lenses
':;—:;—:;— Claystone
—logg
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State well . , Elevation| Depth of | Elevation of
number ‘ Addreﬁs‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)

COO0S 4641‘ 723 Stage‘ 402735 ‘ 4819699 ‘ 94.2 ‘ 3.7 90.5

Rd. N. Bend
= 0
20 feet
=112'

Claystone

Clay and sand

360" (not
to scale)

171



State well
number

. , Elevation| Depth of | Elevation of
‘ Addreﬁs‘ Easting ‘ Northing ‘ (m) wﬁjd(m) contact (m)

CO0S 1480| 228 Circle‘ 401348 ‘ 4819666 ‘ 316 ‘ >15.8 ‘ <155

Dr. N. Bend
- 20 feet

| 28"
30’

Dune sand

Clay
(paleosol)

State well
number

Elevation| Depth of |Elevation of
(m) sand (m) | contact (m)

‘ Address ‘ Easting ‘ Northing ‘

4401 401236 4817657

Charlotte
=0
S 20 feet

Ln. N. Bend
33:

38

CO0S 942

324 ‘ 31.1 1.2

Dune sand

Sandy clay

i

e ~=—= Claystone

I

1

102'
105’

Fine sand with
clay lenses
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State well . , Elevation| Depth of | Elevation of
number ‘ Address ‘ Easting ‘ Northing ‘ (m) | sand (m) | contact (m)
COO0Ss 4377 401768 4817150 9.9 >0.9 0
50990 | Wildwood
Dr. N. Bend
T Dgzu feet
i
. Dune Sand

——=—=—{ Loose Sand with
___,_ clay layers

1 100 (sand
at bottom)
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State well . , Elevation| Depth of | Elevation of
number Address | Eagting | Northing (m) | sand (m) | contact (m)

COO0S 614 | Wildmare | 397860 4811415 none 7.6 none
CG, Fs
southern
dune area
Wdll fidd
well #48

Dune Sand

Esturine Sand

- 2% Esturine sand with
shell fragments

eI R

4201"
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Appendix E: X-Ray diffraction patterns
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countsfs
5000

4500

4000

3500

3000

2500

2000

1500

1000

s00

2.0 150 1.0 350 70 B0 50 4.0 30

d-spacing (&)
Core: SP1 UTM Coordinates: 4844150 N 406080 E Depth: 150 cm



counts’s

kOO0

&000

4000

3000

2000

1000

240 150 110 =20 0 B0 5.0 4.0 3.0

d-spacing (&)
Core: IN1 UTM Coordinates: 4800020 N 396390 E Depth: 80 cm



counts's

gaoo

G000

4000

2000

230 150 1.0 80 7.0 6.0 50 4.0 3o

d-spacing (A
Core: ME1, White nodules UTM Coordinates: 4877280 N 414120 E Depth: ~300 cm



countsfs
S000

4500

4000

3500

3000

2500

2000

1500

1000

s00

240 150 1.0 380 0 B0 50 4.0 30

d-spacing (&)
Core: NW1  UTM Coordinates: 4800020 N 396390 E Depth: 80 cm



Appendix F: Microprobe images and raw chemical analyses

Graphic file nameisin the lower |eft hand corner, along with the scale. Labelsare

where the chemical analyses were taken.
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gibb-d.tif






| NW1 40a.tif



NW1 60 c.tif



Raw data

Labe Na | Mg Al S P S cl K Ca Ti Cr Mn Fe | SUM

NW1.60cm.1 | 0.02 | 0.01 | 15.95|40.81| 0.00 | 0.01 | 0.01 | 0.07 | 0.04 | 0.42 | 0.00 | 0.00 | 458 | 61.93

NW1.60cm.2 | 0.06 | 0.13 | 5.01 |3847| 0.05 | 0.18 | 0.05 | 0.12 | 0.27 | 018 | 0.00 | 0.00 | 294 | 47.45

NW1.60cm.3 | 0.07 | 0.22 | 20.33|26.30| 0.26 | 0.12 | 0.05 | 0.13 | 9.84 | 0.24 | 0.01 | 0.05 | 549 | 63.10

NW1.60cm4 | 0.17 | 1.49 | 18.86|32.08| 0.11 | 0.25 | 0.07 | 0.89 | 0.02 | 0.73 | 0.00 | 0.03 | 6.38 | 61.07

NW1.60cm.5 | 0.08 | 0.06 | 7.33 |50.72| 0.09 | 0.11 | 0.04 | 0.05 | 0.01 | 0.67 | 0.00 | 0.02 | 2.32 | 61.50

NW1.60cm.6 | 1.80 | 0.15 | 14.85|41.80| 0.08 | 0.18 | 0.06 | 0.53 | 0.04 | 0.53 | 0.00 | 0.00 | 3.41 | 63.43

NwW1.60cm.7 | 043 | 0.39 | 055 | 0.80 | 0.09 | 0.13 | 0.04 | 1.96 | 0.22 | 0.69 | 0.00 | 0.01 | 6.46 | 11.77

NW1.60cm.8 | 0.05 | 0.01 | 24.79|34.52| 0.02 | 0.00 | 0.00 | 0.00 | 0.02 | 0.10 | 0.01 | 0.01 | 5.75 | 65.26

Gibbsite.1 0.00 | 0.12 |53.82| 275 | 0.11 | 0.07 | 0.02 | 0.01 | 0.04 | 0.05 | 0.00 | 0.00 | 0.57 | 57.55

Gibbsite.2 0.00 | 0.04 |5451| 237 | 012 | 0.04 | 0.03 | 0.02 | 0.02 | 0.07 | 0.05 | 0.00 | 0.36 | 57.63

Gibbsite.3 003 | 0.16 |48.81| 818 | 0.06 | 0.02 | 0.01 | 0.20 | 0.03 | 1.30 | 0.03 | 0.04 | 8.74 | 67.61

Gibbsite.4 0.00 | 004 | 76.21| 285 | 0.06 | 0.05 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 | 0.04 | 0.53 | 79.86

Gibbsite.5 000 | 022] 715|043 | 000 | 001 | 0.01 | 0.07 | 0.02 | 0.08 | 0.02 | 0.00 | 0.56 | 8.57

Gibbsite.6 0.00 | 652 | 37.25|1559| 0.00 | 0.01 | 0.00 | 0.03 | 0.03 | 0.60 | 0.05 | 0.02 | 14.99| 75.10

Gibbsite.7 0.03 |11.44]19.79|29.53| 0.03 | 0.04 | 0.05 | 0.29 | 0.16 | 260 | 0.07 | 0.15 | 12.85| 77.03

NW1.40cm.1 | 0.13 | 0.20 | 5.26 | 51.46| 0.06 | 0.07 | 0.06 | 0.19 | 0.04 | 0.85 | 0.01 | 0.04 | 5.20 | 63.57

NW1.40cm.2 | 2.72 | 0.13 | 24.14|52.43| 0.04 | 0.04 | 0.05 | 0.22 | 2.02 | 048 | 0.02 | 0.00 | 5.82 | 88.13

Nw1.40cm.3 | 0.03 | 0.00 | 058 | 0.73 | 0.02 | 0.00 | 0.01 | 0.00 | 0.00 | 0.02 | 0.00 | 0.00 | 0.13 | 1.50




Normalized data

Label Na | Mg | Al Si P S Cl K Ca Ti Cr Mn Fe
NW1.60cm.1 | 0.02 | 0.01 | 25.76 |65.91| 0.00 | 0.02 | 0.02 | 0.12 | 0.07 | 0.68 | 0.00 | 0.00 | 7.39
NW1.60cm.2 | 0.12 | 0.28 | 10.55(81.07| 0.10 | 0.38 | 0.11 | 0.24 | 0.57 | 0.38 | 0.00 | 0.00 | 6.19
NW1.60cm.3 | 0.10 | 0.35 | 32.22|41.68| 041 | 0.19 | 0.08 | 0.21 |1559| 0.37 | 0.01 | 0.07 | 8.70
NW1.60cm4 | 0.28 | 245 | 30.88|5253| 0.18 | 0.40 | 0.11 | 145 | 0.03 | 1.20 | 0.00 | 0.05 | 10.44
NW1.60cm.5 | 0.13 | 0.10 | 11.92|8247| 0.14 | 0.19 | 0.07 | 0.07 | 0.02 | 1.08 | 0.01 | 0.04 | 3.77
NW1.60cm.6 | 2.84 | 0.24 | 23.41|65.90| 0.13 | 0.28 | 0.09 | 0.84 | 0.06 | 0.84 | 0.00 | 0.01 | 5.38
NW1.60cm.7 | 364 | 331 | 465 | 680 | 0.78 | 1.12 | 0.32 | 16.62| 1.86 | 590 | 0.00 | 0.07 | 54.92
NW1.60cm.8 | 0.07 | 0.02 | 37.98|52.89| 0.02 | 0.00 | 0.00 | 0.00 | 0.02 | 0.15 | 0.02 | 0.01 | 8.81

Gibbsite.1 0.00 | 0.20 |9352| 478 | 0.18 | 0.12 | 0.03 | 0.03 | 0.07 | 0.08 | 0.00 | 0.00 | 0.99
Gibbsite.2 001 | 0.06 |9459| 411 | 0.20 | 0.07 | 0.05 | 0.03 | 0.04 | 0.12 | 0.08 | 0.00 | 0.63
Gibbsite.3 0.04 | 0.24 | 72.20|12.10| 0.08 | 0.04 | 0.02 | 0.29 | 0.05 | 1.93 | 0.05 | 0.06 | 12.92
Gibbsite.4 0.00 | 0.06 |95.43| 356 | 0.08 | 0.06 | 0.01 | 0.03 | 0.01 | 0.04 | 0.02 | 0.05 | 0.67
Gibbsite.5 004 | 254 |18349| 504 | 0.00 | 0.09 | 0.11 | 0.83 | 0.24 | 0.90 | 0.19 | 0.04 | 6.50
Gibbsite.6 0.01 | 8.68 |49.60|20.76| 0.00 | 0.01 | 0.00 | 0.05 | 0.04 | 0.80 | 0.06 | 0.03 | 19.96
Gibbsite.7 0.03 [ 14.85|25.69(38.34| 0.04 | 0.06 | 0.06 | 0.38 | 0.21 | 3.38 | 0.09 | 0.20 | 16.68
NW1.40cm.1 | 0.20 | 0.32 | 828 [80.95| 0.09 | 0.10 | 0.09 | 0.30 | 0.06 | 1.34 | 0.02 | 0.06 | 8.18
NW1.40cm.2 | 3.09 | 0.15 | 27.40|59.49| 0.05 | 0.05 | 0.06 | 0.25 | 229 | 0.55 | 0.02 | 0.00 | 6.60
NW1.40cm.3 | 1.68 | 0.02 | 38.63|48.21| 1.00 | 0.01 | 0.67 | 0.01 | 0.01 | 1.26 | 0.01 | 0.01 | 847




Appendix G: Soil development indices

Index values, raw:

Buntley- Maximum grain size
Core Rubification Westin decrease (mm)
JN1 90 32 0.14
HB1 40 8 0.03
NA1l 10 6 0.01
NA2 20 8 0.03
NA4 40 12 0.04
GOl 60 18 0.17
EM1 120 24 0.26
NA3 70 18 0.08
RD1 10 18 0.16
NB2 30 12 0.19
LL1 55 18 0.09
UL1 50 15 0.18
HB2 0 4 0.03
CL1 20 12 0.12
VGl 50 18 0.10
VG2 50 12 0.05
MS1 53.3 10 0.03
SP1 60 18 0.14
MA1 80 18 0.24
RO1 20 12 0.14
LK1 35 8 0.08
LK2 30 8 0.04
SH1 35 16 0.15
PAl 20 12 0.13
SC1 20 12 0.22
SW1 40 24 0.15
SW2 20 24 0.17
NW1 50 12 0.17
HS1 50 12 0.13
ME1 60 18 0.19
uD1 30 8 0.09
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Index values, normalized

Maximum grain size decrease
Core | Rubification | Buntley-Westin (mm)
JN1 0.75 1.00 0.55
HB1 0.33 0.25 0.12
NA1 0.08 0.19 0.05
NA2 0.17 0.25 0.11
NA4 0.33 0.38 0.15
GOl 0.50 0.56 0.67
EM1 1.00 0.75 1.00
NA3 0.58 0.56 0.32
RD1 0.08 0.56 0.62
NB2 0.25 0.38 0.74
LL1 0.46 0.56 0.34
UL1 0.42 0.47 0.68
HB2 0.00 0.13 0.11
CL1 0.17 0.38 0.46
VGl 0.42 0.56 0.40
VG2 0.42 0.38 0.20
MS1 0.44 0.31 0.11
SP1 0.50 0.56 0.53
MA1 0.67 0.56 0.94
RO1 0.17 0.38 0.53
LK1 0.29 0.25 0.30
LK2 0.25 0.25 0.17
SH1 0.29 0.50 0.59
PAl 0.17 0.38 0.52
SC1 0.17 0.38 0.84
SwW1 0.33 0.75 0.59
SW2 0.17 0.75 0.66
ME1 0.50 0.56 0.74
uD1 0.25 0.25 0.35
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Normailzed Grain Size Decrease
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Appendix H: Detailed Thermoluminesence Results
Sample site SD1 SD201 RD1 ME1
Reference number W2773 W2774 W2775 W2776
Plateau Region (°C) 275-425 300-475 300-500 300-500
Analysis Temp. (°C) 375 375 375 375
Palaeodose (Grays) 6.0+ 0.5 26+£05 55.7+6.0 116+ 5
1.400 + 1.300 + 1.200 + 1.300 +
K Content (% by AES) 0.005 0.005 0.005 0.005
Rb (ggﬁetd()ppm 100+ 25 100+ 25 100+ 25 100+ 25
Moisture content (% by
gt 10+ 3 10+ 3 89+ 3 227+3
Spegific ﬁit'T"r'];y Bakg | 354100 | 178:06 | 199+06 | 27.1+09
Cosmic Contribution 138+ 25 141 + 25 150 + 25 126 + 25
(UGy/yr assumed)
Annual Radiation Dose | pos, o6 | 1723404 | 1693+25 | 1660+ 23
(pGylyr)
TL age (ka) 29+03 15+03 | 329+36 | 701+30
Sample site WW1 NW1 CGl1 HS1
Reference number W2327 W2328 W2329 W2330
Plateau Region (°C) 200-300 325-500 200-450 300-400
Analysis Temp. (°C) 375 374 375 375
Palacodose (Grays) 120+11 | 852+107 | 481+60 | 539+ 104
1700 + 1.500 + 1.450 + 1.300 +
K Content (% by AES) 0.005 0.005 0.005 0.005
Rb C;gr?]wetd()ppm 100+ 25 100+ 25 100+ 25 100+ 25
Moisture content (% by
gt 47+3 29+3 176+ 3 189+ 3
Spegific ﬁf}"r'];y Bakg | 345110 | 284209 | 305+09 | 289+09
Cosmic Contribution 150450 | 150450 | 150+50 | 150450
(UGy/yr assumed)
Annual Radiation Dose | o0, o | 2090450 | 1954443 | 1770+ 43
(HGy/yr)
TL age (ka) 47+04 | 372+48 | 246+31 | 305+59
Samplesite TI1-2
Reference number W2331
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Plateau Region (°C)

300-500

Analysis Temp. (°C) 375
Palaeodose (Grays) 69.9+17.6
K Content (% by AES) 1(')33851
Rb Content (ppm
assumed) 100 = 25
Moisture content (% by
weight) 39+3
Specific Activity (Bg/kg
U+Th) 309+10
Cosmic Contribution
(MGy/yr assumed) 150£30
Annual Radiation Dose 2158 + 50
(HGylyr)
TL age (ka) 324+8.2
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