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The percentage of sand generally increases with depth in the

box cores, often producing a change in sediment facies with depth and

demonstrating the transgressive nature of the sediments. Grain-size

analysis of the sand fraction of the offshore sediments reveals that

offshore sands are finer- grained and better sorted than those occur-

ring on the present beaches. The offshore sands most likely

represent relict nearshore deposits and not ancient beach sands

which would occur lower in the sediment sequence.

High concentrations of heavy minerals are found in the sand

fraction of the offshore sediments as well as in beach sands in the

area. Brief stillstands of sea level may be reflected in depths where

the offshore sands contain anomalously high percentages of heavy

minerals.

Opaque minerals, chiefly magnetite, occur in placer accumula-

tions on the present beaches and high percentages of these minerals

in the offshore sands may be indicative of submerged beach environ-

ments associated with stillstands of sea level. The magnetite may be

concentrated in sufficient quantity in the placers to produce detectable

magnetic anomalies, several of which have been recorded in the area.

Other lines of evidence used to determine the depths of

probable stillstands of sea level are bathymetric relief, the distribu-

tion of shallow water fauna in sediments from deep water, and the

distribution of rounded gravels on the shelf. A compilation of the

several lines of evidence suggests several stillstands of sea level
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associated with the Holocene transgression occurring at depths of

18, 29, 47, 71, 84, 102, and 150 meters.
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HOLOCENE SEDIMENTATION AND POTENTIAL PLACER
DEPOSITS ON THE CONTINENTAL SHELF OFF THE

ROGUE RIVER, OREGON

INTRODUCTION

The continental shelves of the world represent the link between

the true marine and terrestrial environments. During the Quaternary,

the shelves were submerged and exposed many times in response to

the periodic advances and retreats of the glaciers. The last trans-

gression of the sea began about 18,000 yrs. ago, during which time

sea level has risen about 125 m. (Curray, 1965). Fluctuations in

climate during this period caused changes in the rate of sea level

rise, or reversals, resulting in minor regressions and long-term

stillstands. The purpose of the present investigation is to locate the

positions of the stillstands of sea level on the continental shelf off

the Rogue River, Oregon and thereby outline the Holocene history of

sedimentation in this area (see Figure 1 for location).

Placer deposits occurring on the beaches along the southern

Oregon coast have been mined for gold sporadically for more than

100 yrs. Similar placers, formed during lower stands of sea level,

are thought to exist on the adjacent continental shelf. If stillstands

of sea level and the associated accumulations of beach material can

be defined on the shelf, then the economic potential of the area can be

more easily determined. At the same time, results gained from this
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study will be valuable in determining the effects and degree of post-

depositional modification of pre- existing shallow water deposits.

study will be valuable in determining the effects and degree of post-

depos itional modification of pre- existing shallow water deposits.



4

BATHYMETRY

Oregon Continental Shelf

The continental shelf off Oregon extends to depths of from 155

to 185 m.; the width varies from 17 to 65 km. , being wider in the

north than in the south; and its slope ranges from 00091 to 040T

(Byrne, 1962, 1963a, l963b). The Oregon continental shelf is

narrower, deeper, and steeper than the world average given by

Shepard (1963).

Continental Shelf Off The Rogue River

In the area of investigation (42°20'N to 42°40'N), the continental

shelf is variable in width, in depth of the shelf break, and in slope

(Figure 2). The width of the shelf ranges from 18 to 29 km. , being

widest in the central part of the area, and the depth of the shelf-

slope break occurs between depths of 140 to 180 m. The slope of the

shelf averages about 0025T and ranges from 0°17' to 00297.

The Rogue Canyon heads at a depth of 140 m., 22 km. north-

west of the mouth of the Rogue River. This canyon, and Astoria

Canyon to the north are the only submarine canyons found off the

coast of Oregon, although some smaller valleys also occur on the

southern continental slope.
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The surface features of the continental shelf off the Rogue River

are irregular. Bathymetry contours tend to meander (particularly on

the central and outer shelf) which implies sediment cover is not thick

enough to smooth out the bedrock surface. In the southern part of the

area, echo sounding records and sparker profiles depict an irregular

bottom with numerous rock outcrops. To the north, fewer rocks

crop out at the surface and the morphology tends to be smoother with

the contours sub-parallel to the present shoreline.

Five east-west profiles were constructed from the existing

bathymetry map of the area in order to ascertain if any submerged

terraces are present. The profiles north of the Rogue Canyon show

few terraces and those are not pronounced. Sedimentation has

apparently masked the relief of the terraces in this area. The fre-

quency and relief of submerged terraces increases to the south with

several well defined ones occur ring along the southernmost profile

(Figure 3), which suggests that sedimentation in this region is rela-

tively low. These terraces or benches have also been observed from

echo soundings in the area (Figure 4).

Several authors have used submerged terraces as indicators of

lower stands of sea level (Curray, 1960; Holmes and Creager, 1967;

Garrison and McMaster, 1966; Nikiforov, 1967). A compilation of

the profiles off the Rogue River indicates that terraces occur at depths

of 35, 60, 70, 85, 100, lEO, and 145 m. A range in depth of± 5 m.
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Figure 4. Echo sounding profile across the shelf south of
the Rogue River showing submerged bench
(approximate location- 42°ZZ'N 124°291W).
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should be allowed in all cases.

While it is possible that these terraces or benches may be

depositional rather than erosional, they most likely were formed

in the nearshore region during a stills tand of sea level that inter-.

rupted the general transgression.
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OCEANOGRAPHIC CONDITIONS

Winds off the coast of Oregon are seasonal, being from the

southeast and southwest in the winter and from the north and north-

west in the summer (Cooper, 1958). The winds generate waves

moving in the same general direction which results in a seasonal

reversal of the littoral drift. The magnitude and direction of littoral

drift depend upon direction of wave approach, height of the waves,

and coastal geomorphology.

Collins (1967) found that northerly subsurface currents

measured at depths of 10, 20, and 60 m. dominate flow on the central

Oregon shelf from September to June. In July, flow measured at

these same depths is to the south. Flow tends to parallel bathymetry

and the mean speeds of the subsurface currents range from 13 to

27 cm. /sec.

Littoral drift is the most important process acting to transport

sand in the very nearshore region. Seaward of the littoral zone,

where silts and clays are deposited, ocean currents are the dominant

forces transporting the suspended sediment. Since the highest river

discharge is during the winter months and the longshore as well as

subsurface currents on the central shelf are to the north during this

period, it appears that the net movement of sediment discharging

from the Rogue River is to the north. Gross and Nelson (1966) have
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also found this to be the case for sediment movement on the shelf

off the Columbia River.
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REGIONAL GEOLOGY

Rogue River Drainage

According to the Oregon State Water Resources Board (1959),

the Rogue River and its tributaries drain an area of 5, 100 sq. mi. in

southwestern Oregon and northern California (Figure 5). The annual

precipitation over the area is generally high, but varies seasonally.

This difference is strongly reflected in the mean monthly discharge

at the mouth of the Rogue River which reaches a high of 16,000 c. f. s.

in January and is lowest in September (1, 400 cf. s.) following the

summer period of low rainfall.

The amount and size of sediment discharging from the river

should be a function of the rate of flow of the river (Hjulstrom, 1939;

Postma, 1967). Insofar as the flow at the mouth of the Rogue is

higher in the winter than the summer by an order of magnitude, a

much larger volume of sediment with a greater range of grain size

should be discharged during the winter months.

It is possible that some sediment is trapped within the estuary

at the mouth of the river. Kulm and Byrne (1966) indicate that

sedimentation in estuaries is affected by river runoff, type of

estuarine system, and the direction of the wind and littoral drift.

Postma (1967) also indicates that transport mechanisms may be
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Figure 5. Rogue River drainage basin and associated
physiographic provinces. Drainage shown
in black. (after Ore gon State Water Re source s
Board, 1959, and Baldwin, 1964).
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active which tend to trap material in an estuary. The possible

entrapment of sediment within the Rogue River estuary may help to

explain the low accumulation of unconsolidated sediment found on the

continental shelf in the area (see section on seismic profiling p. 62).

Two physiographic provinces are drained by the Rogue River and

its tributaries, the Cascade Range and the Klamath Mountains (Figure

5). The Cascades are characterized by volcanic rocks and thick

sedimentary sequences of interbedded sandstones and siltstones.

The Klamath Mountains are primarily composed of metamorphic

rocks. According to Baldwin (1964), serpentinized ultrabasics and

Paleozoic and Mesozoic sedimentary rocks locally altered to schists,

phyllites, and marble are the dominant rock types. Large granitic

bodies, in some cases containing economic quantities of gold and

silver, were intruded in the area during the Late Jurassic and Early

C retaceous.

Coastal Geomorphology and Pleistocene History

The coastal features of the southern Oregon coast, particularly

the numerous elevated marine terraces, are quite pronounced and

are indicative of an emerging coastline (Griggs, 1945; Baldwin, 1964;

Palmer, 1967). Resistant headlands composed primarily of mafic

igneous rocks are common along the coast, particularly north of the

Rogue River. One of the larger promontories, Humbug Mountain,
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marks the northern boundary of the area of study. Sea stacks, often

associated with the rocky headlands, are common. Vertical sea

cliffs, with relief up to 30 m. , are found in the northern section of

the area.

The pre-Holocene history of the southern Oregon coast is

recorded in the elevated marine terraces which occur on land from

elevations of 3 to 500 m. above present sea level (Diller, 1902;

Griggs, 1945). Baldwin (1945) places the Plio- Pleistocene boundary

at the 500 m. terrace (Blue Ridge). The elevated terraces are

erosional features cut during earlier encroachments of the sea, but

probably at no time could sea level have been 500 m. above its

present position. Russell (1957) suggests that sea level would rise

approximately 65 m. if all the ice on the earth were to melt. It is

clearly evident, therefore, that the southern Oregon coast has under-

gone extensive uplift of at least 400 m. during the Quaternary.

Richards and Thurber (1964) have dated mollusk shells studied

by Addicott (1964) on the Elk River terrace situated 65 m, above sea
3 3level at Cape Blanco. Radiocarbon and Th /u dating gives a

minimum age of these shells of 33,000 yrs. and would indicate a

maximum rate of uplift of this area of 2 in. /1,000 yrs. The lower

terraces in the area dip to the south implying uplift is not uniform

along the coast.
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HOLOCENE HISTORY OF SEA LEVEL

As the glaciers began to melt at the end of the last major

glacial advance (the Wisconsin), an enormous volume of water poured

into the oceans from the continents. The result of this addition of

water to the oceans was a rise in sea level of about 125 rn. (Curray,

1960). According to Curray (1965), the general Holocene transgres-

sion began about 18,000 yrs. B. P. (before the present), and he

postulates that it has been interrupted by several minor regressions.

Curray's curve for the rise in sea level during the Holocene, which

is based on radiocarbon dates and other geologic evidence, is shown

in Figure 6. A relatively rapid rise of sea level of 10 m. /1,000 yrs.

from 18, 000 to 7,000 yrs. B. P. was followed by a slower rise

averaging 1.5 rn. /1,000 yrs. Possible fluctuations in sea level

during the past 3,000 yrs. are not indicated on Curray's curve.

Recent faunal evidence from deep sea cores (Ericsonetal.

1961; Nayudu, 1964; Emiliani, 1966; Fowler and Duncan, 1967)

indicates a significant change in climate occurred between 12, 500

and 11,000 yrs. B. P. Cullen (1967) believes that the initial rise in

sea level of the Holocene began during this period. It must, however,

be kept in mind that faunal changes recorded in deep sea sediments

imply only a change in climatic conditions, reflected in the water

temperature, or in circulation, and may not necessarily reflect a
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change in sea level.

Regardless of the conflicting evidence from the deep sea and

the continental shelf regarding the time of the beginning of sea level

rise, stillstands are known to have existed during the Holocene

(Curray, 1965; Richards and Fairbridge, 1964) and these stillstands

should occur at similar depths in all tectonically stable areas of the

world.

Using the inflection points from Curray's regression curves

shown in Figure 6, stillstands of sea level might have occurred at

depths of 18, 40, 65, 87, and 125 m. Further evidence to support

the general depths of these stillstands has been given by van Andel

and Saclis (1964) and van Andeleta].. (1967).
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SAMPLING AND ANALYTICAL PROCEDURES

Collection of Samples

Twenty-one samples were collected from the beaches north and

south of the Rogue River. Seven stations were occupied with three

samples collected at each station. The samples were taken from the

lower foreshore, upper foreshore, and backshore regions in order to

evaluate textural and mineralogical differences existing over the

beaches. All samples were taken from the upper 10 cm. of sediment.

One hundred seventy sediment samples were collected on the

continental shelf in the area of investigation (Figure 7). They include

93 surface samples and 29 cores which were sub-sampled according

to visual changes in lithology or at regular intervals where no

changes were apparent. The surface samples were collected on

cruises of the R/V Yaquina (Oregon State University) and the R/V

Cripple Creek (U. S. Bureau of Mines) using Shipek and Smith-

McIntyre grab samplers. The cores were taken with a modified

Ewing piston corer and a box corer modified after Bouma and

Marshall (1964). All sample locations are given in Appendix I.

Sediment Analyses

Textural analyses were performed on all samples using

particle settling techniques. The samples were dispersed in a
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solution of sodium hexametaphosphate (Calgon) and the sea water was

removed with millipore filters in order to defloculate any clays

present. Grain size analysis of the fine fraction (< .062 mm.) was

then carried out by the hydrometer method as outlined by the

American Society for Testing and Materials (1965). When the amount

of sample was small, the silt and clay fractions were analyzed by the

pipette method (Krumbein and Pettijohn, 1938). After the hydrometer

or pipette analyses were completed, the samples were washed through

a .062 mm. sieve and the sand fraction was analyzed using the Emery

(1938) settling tube as modified by Poole (1957).

Statistical parameters of the total sample and of the sand frac-

tion (> .062mm.) onlywere calculated using aCDC 3300 computer.

The phi mean diameter, standard deviation, and inclusive graphic

skewness were determined from equations given by Folk and Ward

(1957). Values of these parameters for the total sample are given

in Appendix II and for the sand fraction only in Appendix III.

Heavy mineral separations were run on all samples except

where gravel was the dominant size fraction. The heavy minerals of

the sand fraction were separated by centrifuging the sample for 10

minutes in tetrabromoethane (sp. gr. = 2. 96). Separation was

facilitated by partially freezing the sample in liquid nitrogen. Grain

mounts of selected samples were prepared for identification with a
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petrographic microscope. The mounting medium used was Aroclor

(refractive index = 1. 66).
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SEDIMENTOLOGY

Grain Size Distribution of Beach Sands

Grain size analyses of beach sands collected north and south of

the Rogue River indicate they are generally coarse grained, moder-

ately sorted and negatively skewed (Appendix III). The mean grain size

of the beach sands ranges from .75 to 2. 114 and averages 1. 514

There is commonly an increase in the grain size of the sands from

the backshore to the lower foreshore. Mean phi values for lower

foreshore sands average 1. l5; upper foreshore 1. 64; and back-

shore, 1. 74 . Beach sands north of the Rogue River are finer

grained and better sorted than those to the south, but are still coarse-

grained than the average for the Oregon coast (Kulmetal., 1968b).

Twenty of the twenty-one beach sands collected in the vicinity

of the Rogue are negatively skewed between -.03 and -. 047 and

average -. 194

Using the criteria for sorting values established by Folk (1966),

beach sands from the lower foreshore in the Rogue River area are

classified as moderately sorted (.71 to 1.00) whereas those on the

upper foreshore and in the backshore area are well sorted (. 35 to

50). Inman (1953) in a study of nearshore and beach sands off

southern California also found that lower foreshore samples were
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coarser and more poorly sorted than those from the upper fore-

shore.

Distribution of Offshore Sediments

24

Emery (1952) classified surface sediments from the continental

shelves off southern California into five categories: authigenic,

organic, residual, relict (deposited under pre-existing environmental

conditions and now out of equilibrium), and detrital (in equilibrium

with the present environment). The latter deposits are sometimes

referred to as recent, modern, or equilibrium sediments. The

sediments, both surface and subsurface, on the continental shelf off

the Rogue River are either relict or detrital. Authigenic,. largely

glauconite, and organic constituents comprise less than two percent

of the sediment and no residual sediments were sampled.

Surface

The distribution of surface sediment on the continental shelf

off the Rogue River is patchy (Figure 8). Sediment with more than

75 percent sand extends from the shoreline to a depth of 50 to 70 m.,

but only sand shoaler than 15 to 20 m. is considered to be in

equilibrium with the present environment.

Beyond the nearshore area of high sand content silts and clays

dominate the unconsolidated sediment. According to Curray (1965),

coarser and more poorly sorted than those from the upper fore-

shore.
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glauconite, and organic constituents comprise less than two percent

of the sediment and no residual sediments were sampled.

Surface

The distribution of surface sediment on the continental shelf

off the Rogue River is patchy (Figure 8). Sediment with more than

75 percent sand extends from the shoreline to a depth of 50 to 70 m.,

but only sand shoaler than 15 to 20 m. is considered to be in

equilibrium with the present environment.

Beyond the near shore area of high sand content silts and clays

dominate the unconsolidated sediment. According to Curray (1965),
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the recent fine- grained material discharged from rivers is either

trapped on the central shelf or bypasses the shelf break to be

deposited on the continental slope. The surface sediments found on

the central portion of the shelf off the Rogue River generally contain

25 to 75 percent sand (Figure 8). This relatively high percentage

of sand in an area where only silts and clays are currently being

deposited can be explained in two ways. The continental shelf is an

area of extremely high biologic activity and benthic organisms may

have mixed the transgressive sands deposited during lower stands

of sea level with the overlying recent fine- grained muds. On the

other hand, if organisms have not mixed the sediments, the mixing

may have occurred during the collection of the samples. Grab

samplers used in the collection of surface samples tend to homogenize

the upper 10 cm. of sediment and may not give a true representation

of the actual distribution at the sediment-water interface.

Surface sediment with an anomalously high sand content occurs

at the outer edge of the shelf in depths of from 1 50 to 180 m.

(Figure 8). Sediments containing as much as 90 percent sand are

found at the shelf break; they are relict deposits and their presence

at the surface indicates this is currently an area of low deposition or

erosion.

Bottom photographs taken on the shelf west of the mouth of

the Rogue River reveal numerous gravel deposits and rock outcrops
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(Figure 9). Rounded gravels have been collected at the surface on

the southern part of the shelf (Figure 9). These deposits were

collected at depths of 46, 48, 71, 104, 110, and 123 m. The gravels

in the shallower depths are composed of well rounded igneous and

metamorphic rocks (up to 4 cm. in diameter) and are similar both in

size and composition to those found on the present beaches at the

mouth of the Rogue River. Gravels in deeper water have been

derived from sedimentary rocks and because of their size (up to 15

cm. in diameter) and degree of roundness (Figure 9) are considered

to be relict rather than residual; they were probably formed by

abrasion in an ancient beach or fluvial environment. The presence

of the gravels at the surface also indicates a low rate of recent

sedimentation in these areas.

c

In order to accurately describe the history of sedimentation

and the distribution of sediments on the continental shelf, a three

dimensional analysis is necessary. Several box cores, averaging

about 40 cm. in length, taken in the area permit the study of

undisturbed sediment with depth. Four piston cores from one half

to two and one half meters long were also studied.

The percentage of sand in the box cores generally increases

with depth (Figure 10). The undisturbed cores indicate that the
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Figure 9. Upper: Bottom photograph showing gravels near 100 m. 
Lower: Gravel taken in same area with box corer. 
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Figure 9. Upper: Bottom photograph showing gravels near 100 m. 
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veneer of fine-grained surface sediment, where present, is

generally very thin implying a low rate of accumulation of recent

sediment on the shelf beyond the littoral zone. The increasing sand

content with depth also indicates penetration to the basal transgres-

sive sands deposited in nearshore environments during the last rise

of sea level.

Depositional Environments

As the sea transgressed over the continental shelf during the

Holocene, beach and nearshore sediments were deposited ahead of

the encroaching sea forming a blanket of transgressive sand. Still-

stands of sea level generally produce thick accumulations of this

material near the ancient strand line, if sea level remains stationary

for a long enough period of time and the sediment supply is high

enough. Once submerged, the beach ceases to be in equilibrium with

the existing environment and may undergo modification, particularly

through mixing by organisms with the fine- grained sediment

deposited over it.

Many studies have attempted to distinguish between different

sedimentary environments on the basis of textural parameters (Folk

and Ward, 1957; Mason and Folk, 1958; Friedman, 1961). Most of

the studies have been concerned with the distinction between beach,

dune, and fluvial deposits, but few have attempted to carry this type

30

veneer of fine-grained surface sediment, where present, is

generally very thin implying a low rate of accumulation of recent

sediment on the shelf beyond the littoral zone. The increasing sand

content with depth also indicates penetration to the basal transgres-

sive sands deposited in nearshore environments during the last rise

of sea level.

Depositional Environments

As the sea transgressed over the continental shelf during the

Holocene, beach and nearshore sediments were deposited ahead of

the encroaching sea forming a blanket of transgressive sand. Still-

stands of sea level generally produce thick accumulations of this

material near the ancient strand line, if sea level remains stationary

for a long enough period of time and the sediment supply is high

enough. Once submerged, the beach ceases to be in equilibrium with

the existing environment and may undergo modification, particularly

through mixing by organisms with the fine-grained sediment

deposited over it.

Many studies have attempted to distinguish between different

sedimentary environments on the basis of textural parameters (Folk

and Ward, 1957; Mason and Folk, 1958; Friedman, 1961). Most of

the studies have been concerned with the distinction between beach,

dune, and fluvial deposits, but few have attempted to carry this type



31

of study to the offshore environment. Moiola and Weiser (1968)

have evaluated previous work on environmental distinction from

textural parameters and indicate what criteria are best used in

defining the particular environments.

Some studies have attempted to distinguish between beach and

nearshore marine sediments (Inman, 1953; Shepard, 1964), but no

environmental differentiation by grain size analysis seems to be

universally applicable. To establish an environment on a statistical

basis, it is necessary to compare the parameters from different

environments in a given area since there appears to be considerable

geographic variation in sedimentary parameters.

To determine paleoenvironments of deposition and to better

outline the history of the last rise of sea level, bivariant plots of phi

mean diameter versus skewness, mean diameter versus standard

deviation, and skewness versus standard deviation were constructed

from gain size analyses of the total sample as well as of the sand

fraction only.

Analysis of the Total Sediment

Bivariant plots involving phi mean diameter, standard devia-

tion, and skewness indicate that the sediment on the continental shelf

off the Rogue River can be classified into three facies: a basal

transgressive sand facies composed of well sorted fine sand; a
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recent fine-grained mud facies of predominantly silt size material;

and an intermediate facies, believed to be a mixed assemblage of the

other two. Visual and X-ray examination of the box cores indicates

that sedimentary structures are apparently lacking in the shelf

sediments studied. The presence of mottling in some cores and the

general homogeneity of most suggest that organisms have extensively

reworked the sediment.

Phi Mean Diameter versus Skewness. A plot of Phi mean

diameter versus skewness shows that three distinct sediment facies

exist on the continental shelf off the Rogue River (Figure 11). Both

surface and subsurface samples are included in the plot. Facies I

has a mean diameter range of 5. 0 to 7. 04) with skewness values

between 0 and +. 65 and is considered to be fine-grained recent

material in equilibrium with the environment. Facies II is sediment

of an intermediate or transitional nature with mean diameter values

between 3.0 and 5. 5 and skewness always greater than +. 65

Facies III has a larger mean diameter with a smaller range of

values (3.0 to 3.74) ); skewness values range from -.2 to +. 75

The sediments defined by this region on the graph represent relict

nearshore deposits that exhibit very little mixing with the fine-

grained recent muds.

Analysis of the plot indicates a wide range of mean diameter

and skewness values exists in the offshore sediments. The breakdown
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into three distinct facies or regions on the graph demonstrates that

two separate sediment populations occur in the offshore region

(fine-grained recent muds and relict sands) and that a third sediment

type results from a mixture of these two populations. The possibility

of the mixed facies being a third distinct sediment, which is not a

mixture of the other two, is unlikely in that contemporaneous

deposition of sand, silt, and clay in these proportions is difficult to

picture in a continental shelf environment.

Phi Skewness versus Standard Deviation. A plot of skewness

against sorting produces three regions or facies similar to those

found by plotting mean diameter against skewness. Facies I again

represents recent muds skewed between 0 and +. 674 and very poorly

sorted with values between 2. 25 and 3. 404 (Figure 12). The

transitional sediment represented as facies II has skewness values

greater than +. 68 and has sorting coefficients between 1.75 and

2. 75 Facies III depicts moderately sorted sediment skewed between

-.04 and +. 75. Duplication of samples in the regions defined on the

two graphs indicates the facies are real and are defined not only by a

distinct difference in mean diameter, but also in sorting values.

Phi Mean Diameter versus Standard Deviation. A mean-sorting

plot indicates that sediments become better sorted as the mean

diameter of the sediment increases. This implies that sorting

increases as the relative proportion of transgressive sand in the
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sediment becomes greater (Figure 13). Only two regions can be

defined on this graph: Region III defines the area of the relict trans-

gressive sands and Region I-Il shows the recent fine-grained muds

as well as the intermediate facies. Sample cross correlation with

the other diagrams is very good and ninety-four percent of the

samples plotted correlate on the-three graphs.

Sediment Facies. With the sediments categorized into one of

three facies (recent muds, transgressive sands, and intermediate or

mixed sediment), an analysis with depth may be pursued to determine

the distribution of sediments on the continental shelf. Figure 14

shows the distribution in the cores of the sediment facies with depth

and across the shelf. The recent fine-grained material dominates

surface sediment on the central shelf and is underlain by the mixed

or intermediate facies. The mixed sediment is the most common on

the outer shelf which demonstrates that fine- grained material is

deposited to some degree on the outer continental shelf, but at a very

low rate. This is confirmed by the fact that the sand facies commonly

is found at the surface near the shelf edge. The muds may have been

deposited near the shelf edge during a lower stand of sea level, but

regardless of the time of deposition, accumulation has been very

low in this area. The inner shelf sediments are primarily corn-

posed of relict as well as modern sands which have not been mixed

with recent muds. Littoral drift as well as other subsurface currents
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in the nearshore area may prevent the deposition of modern silts

and clays in this region.

Analysis of the Sand Fraction Only

Grain size analyses of the sand fraction (> .062 mm.) of the

offshore sediments were made for comparison with the present-day

beach sands. This analysis is designed to filter out the recent fine-

grained sediment which is mixed with the relict transgressive sands.

Once the effects of the fine-grained material are removed, an

analysis of the sand should demonstrate what textural character-

istics of the relict beach sands have been preserved or destroyed by

post-depositional modification. Bivariant plots similar to those

used in the analysis of the total sediment were constructed for the

sand fraction only. The beach sands and sand fractions of the off-

shore sediments are plotted on the same graphs to demonstrate

similarities or differences existing between the two materials.

Phi Mean Diameter versus Skewness. A plot of phi mean

diameter versus skewness shows that beach sands are easily

distinguished from the sands occurring in the offshore region

(Figure 15). Beach sands are negatively skewed with an average mean

diameter of 1. 54 Offshore sands, on the other hand, show a wide

range of skewness values from +. 26 to -. 44 and have an average

mean diameter of about 3. 3 . There is no overlap between the two
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sand fraction only. The beach sands and sand fractions of the off-

shore sediments are plotted on the same graphs to demonstrate

similarities or differences existing between the two materials.
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distinguished from the sands occurring in the offshore region

(Figure 1 5). Beach sands are negatively skewed with an average mean

diameter of 1. 5. Offshore sands, on the other hand, show a wide

range of skewness values from +. 26 to -. 44 and have an average

mean diameter of about 3. 3 . There is no overlap between the two
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sediment types.

Phi Mean Diameter versus Standard Deviation. Beach and

offshore sands are also easily distinguished in a plot of mean

diameter against sorting (Figure 16). The offshore sediments

exhibit a sorting range of .26 to . 54 (very well sorted to well

sorted). Although the beach sands show a much greater range of

sorting, 65 percent of the beach sediments fall into the same range

of sorting as the offshore sands. On the average, however, the

sand fractions of the offshore sediments are better sorted than the

beach sands.

Phi Skewness versus Standard Deviation. Only on a plot of

skewness versus sorting (Figure 17) do the beach and offshore sands

overlap, pointing out that the most significant difference between the

two sediment types is their mean diameter. It is assumed that almost

all sands present in the offshore region were at one time included as

ancient beach or nearshore materials

The sand fractions of the off-

shore sediments may not represent beach material, but rather near-

shore sands formed during a lower stand of sea level. Furthermore,

the source of the relict sands may have been finer- grained than the

terraces and rivers presently supplying sand to the beaches, but

evidence from the examination of the heavy mineral suite (discussed

in a subsequent chapter) indicates sediment sources have remained

constant duringthe last rise of sea level.
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Discussion

The fine- grained silts and clays found on the central shelf are

recent sediment in equilibrium with the present depositional environ-

ment. They occur as a thin veneer (often less than 10 cm. thick)

overlying basal transgressive sands. In places on the central shelf

the mud veneer is absent. The apparent lack of equilibrium sedi-

ment on the shelf suggests that most of the shelf sediments are relict.

Emery (1968) states that 70 percent of the surface sediments on the

continental shelves of the world are relict and the present findings

support this observation. A relict Holocene sediment, deposited in a

different environment from which it is found today, is likely

indistinguishable from a modern (recent) sediment deposited under

similar conditions A relict sediment is distinguished from a recent

sediment when environmental disequilibrium can be demonstrated.

Bradley (1958) has defined the limit of abrasion by waves as

10 m. and Dietz (1963) considers this the depth of surf base and

indicates sand in depths greater than 10 m. to be out of equilibrium.

The depth of wave base depends on the oceanographic conditions and

would probably be closer to 20 m. for the high energy conditions

along the southern Oregon coast. Vernon (1966) found that sand is

generally not transported seaward of wave-induced surge and moves

in the direction of approaching waves which supports the idea of
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containment of equilibrium (detrital) sands within the 15 to 20 m.

contour. Ingle (1966) has demonstrated that sediment movement

immediately seaward of the breaker zone is normal to shore with the

coarser particles moving toward shore and the finer fraction remain-

ing or moving seaward.

The relict sands must have been at one time or another very

nearshore deposits and, if the sources were similar, they should dis-

play the same textural characteristics as those sediments presently

found on the beaches or in the nearshore region. To preserve a

beach or nearshore environment texturally, a stillstand of sea level

and the associated significant accumulation of the nearshore sediment

is necessary. Possible stillstands may be inferred at depths where

there is a persistent dominance of transgressive sand (Facies III) or

where the textural characteristics of the sand fraction of the offshore

sediments closely approximate those of the present beach sands.

Comparisons of the grain size distributions of the beach sands

with the sand fractions of the offshore sediments reveal that the two

sediment types are texturally distinct. As the seas transgressed

over the continental shelf during the Holocene, three sediment facies

(not to be confused with those established from plots of textural

parameters), in equilibrium with the environment, were deposited

simultaneously: a medium to coarse sand on the beaches, probably

not extending to depths much greater than two meters; a fine sand
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occurring out to the maximum depth of sand transport (1 5-20 m.);

and a central shelf mud facies (Figure 18). The two sources of

sediment on the continental shelf are the Rogue River (supplying

mainly silts and clays) and the Pleistocene terraces, which supply

nearly all the sand to the nearshore areas. Runge (1966) also found

this to be the case along the central and northern Oregon shelves.

The silts and clays derived from the river constitute a minor amount

of the total volume of sediment on the shelf.

In as much as sea level has not remained stationary on the

shelf, but has transgressed with time, the facies boundaries have

also migrated shoreward with time so that one facies transgresses

and overlaps another. In this way, all pre-existing beach sands

would beonlapped by a successive nearshore deposit which, in turn,

would be buried by a later mud facies (Figure 18). The sequence of

events is interrupted and reversed by a regression of the sea. Over

the present depth intervals in which regressions may have occurred,

anomalously thick accumulations of both beach and nearshore sands

would have been deposited and they should exhibit a higher degree of

textural preservation than a smaller amount of sediment deposited

under normal transgressive conditions.

The explanation, therefore, for the textural differences

between the present-day beach sands and the sand fraction of the

offshore sediments is that penetration with the box cores has not
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reached the coarser grained beach facies. The sand content, how-

ever, generally increases with depth in the box cores, and the beach

material probably is not far below the surface. Heavy mineral data

discussed in the following chapter supports this hypothesis.

It is possible that the sources of the relict sands on the central

and outer shelf were finer grained than those existing today, but

deeper penetration is necessary to prove that this is the case.
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MINERALOGY

Light Fraction

The light mineral constituents (sp. gr. < 2. 96) comprise from

43 to 100 percent of the sand fraction by weight and average about 87

percent. The light fraction is composed chiefly of detrital con-

stituents, the most common of which are quartz, feldspars (gen-

erally well weathered), micas, and rock fragments. Volcanic glass,

mainly pumice, is present in some sediments.

Organic matter, mostly plant fragments and animal remains,

is found in all sediments. Benthic and planktonic foraminifera as

well as radiolarians are also found in the light fraction and the rela-

tive proportions of these organisms are variable. The authigenic

mineral glauconite is present in some samples, but generally con-

stitutes less than five percent of the sand fraction in these sediments.

Heavy Minerals

In the present investigation, it was found that the concentration

of heavy minerals in the sand fraction of the offshore sediments may

be important in the delineation of submerged nearshore, high energy

environments (Figure 19). Present beaches near the Rogue River

contain high percentages of heavy minerals, particularly the dense
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opaque minerals magnetite, ilmenite, and chromite. With time, the

opaque minerals are concentrated as residual placer deposits and

high percentages of opaque minerals as well as total heavy mineral

content in the offshore sands may be indicative of relict placer

deposits.

Concentrations in the Beach Sands

The heavy mineral content of the beach sands near the Rogue

River varies from 3. 3 to 67.1 percent and averages 21. 5 percent.

The mineral concentrations are generally twice as high in the upper

foreshore and backshore regions as in the lower foreshore. The

concentration of opaque minerals in the heavy fraction is variable,

but generally high. In sample 6804-RR18, opaques constitute more

than 50 percent of the heavy minerals and more than 33 percent of the

total sediment. Heavy mineral percentages for the beach samples are

given in Appendix IV. The percentages of opaque minerals for the

beach sands were not determined with the exception of 6804.-RR18.

Concentrations in the Offshore Sediments

The concentration of heavy minerals in the offshore sediments

averages 14 percent and varies from 1 to 57 percent (Appendix IV).

Seventy-nine surface sediments from the shelf show an average

concentration of heavy minerals of 12 percent, slightly less than the
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average in the subsurface sediments The continental shelf off the

Rogue River exhibits a much higher percentage of heavy minerals in

the surface sediments than the remainder of the shelf off Oregon.

Runge (1966) found an average surface concentration of heavy

minerals on the central and northern portions of the shelf of 4. 4 per-

cent.

A large tongue-shaped area of anomalously high heavy mineral

content (defined from surface concentrations) is located off the mouth

of the Rogue River (Figure 20). The anomaly extends approximately

16 km, north of the river mouth and west to a depth of 100 m.

Maximum heavy mineral concentration in this area is 25 percent.

The fact that the anomaly projects to the north supports the hypothesis

that the net movement of sediment in the area is northward. Smaller

surface anomalies occur immediately south of the Rogue River mouth

in average depths of 15 and 20 m

Another high concentration of heavy minerals is located near

the edge of the shelf six kilometers north of the Rogue Canyon at a

depth of 150 m. Surface concentrations in this area are as high as

43 percent (6708-43).

The percentage of heavy minerals in the cores is variable,

decreasing or increasing slightly with depth in some, while remain-

ing constant in others (Figure 21), Since the heavy mineral content

is determined for the sand fraction only, the small percentage
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variations in the cores substantiates the idea of post-depositional

mixing by benthic organisms. A high concentration of heavy

minerals throughout a given core is possibly indicative of a still-

stand of sea level, whereas a high concentration in only one section

may be less indicative.

In the area of investigation, the percentage of opaque minerals

in the sediments is useful in locating possible stillstands of sea level

and the associated accumulation of beach or nearshore material.

The opaque minerals are concentrated in beach placers onshore; due

to their high specific gravity (> 5. 0) they are resistant to movement

offshore. A long period oL time is necessary to concentrate the

opaque minerals on the beaches or in the nearshore region. The

placer accumulations found on the present beaches have probably been

concentrated over a period of 3,000 yrs. as this is the length of time

that sea level has maintained its present position (Curray, 1965).

The opaque minerals show a greater degree of variability in

concentration throughout the cores than do the total heavy minerals

and are more likely to be environmentally sensitive (i. e. resistance

to movement offshore would indicate original deposition in a near-

shore region). The concentrations of the opaques with depth in the

box cores is shown in Figure 22. Percentages range from 3 to 59

percent (Appendix IV) and average 18 percent of the heavy mineral

fraction. A high concentration of opaque minerals in the cores is
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percent (Appendix IV) and average 18 percent of the heavy mineral

fraction. A high concentration of opaque minerals in the cores is
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suggestive of a submerged beach or nearshore deposit.

Heavy Mineral Suite and Sources of Sediment

Heavy mineral identification counts were completed for 26

selected samples. Results of these counts are given in Appendix V.

Both the Klamath Mountains and Cascade Range physiographic

provinces are well reflected in the heavy mineral suite (see chapter

on Regional Geology, p. 12). The heavy suite is dominated by

opaque minerals, weathered grains, and amphiboles. Eight distinct

types of amphibole were identified including four species of horn-

blende (green, brown, blue-green, and basaltic). Other major

constituents include orthopyroxenes, clinopyroxenes, and epidote.

No trends in the distribution of heavy mineral species were

observed Concentrations with depth and distance from shore are

relatively constant which indicates that there has been no major

change in sediment source during the last rise of sea level.
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FAUNAL EVIDENCE FOR SEA LEVEL CHANGES

For aminife r a

The distribution of shallow water (< 50 m.,) benthic foramini-

fera in three cores studied demonstrates that sea level has risen

since the deposition of the sediment contained in the cores. In cores

6708-34 and 6708-44 (see Figure 7), taken in water depths of 104 and

150 m. respectively, McKeel (1968) and Fowler (1967) report that

the percentages of shallow water benthic foraminifera increase with

depth. Gunther (1968) in a faunal study of core 6708-33 (104 m.)

shows that shallow water species are present throughout the core

and indicates that the core most likely represents an ancient beach.

Textural data from core 6708-33 supports this observation. The

distribution of these benthic foraminifera in the three cores points

out that the rate of sediment accumulation on the central and outer

continental shelf in the area is low.

Elphidium oreg ense and other shallow water species presently

not liing in the area, but occurring in the Pleistocene terraces along

the southern Oregon coast (Bandy, 1950), are found in cores 6708-33

and 6708-44. These species are now living in colder water in the

higher latitudes which implies the relict nature of the sediments in

the cores and indicates deposition in colder water possibly associated

with the glacial advance marking the end of the Wisconsin.
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Megafauna

Mollusk shells were found in several cores taken from the

central and outer shelf and indicate environments shoaler than those

in which they were discovered. Box cores 6708-44 and 6802-BCB,

both taken at a depth of 150 m. , contain discrete shell layers near

the bottoms of the cores (Figure 23). Rounded wood fragments con-

stitute at least 20 percent of the shell layer in 6802-BC B. Two

large gastropod shells (Figure 24) were also found in 6802-BCB and

were identified by W. 0. Addicott of the U. S. Geological Survey as

an epifauna species presently found in the littoral zone off the coast

of Alaska and currently living in depths greater than 100 m. off

Oregon. Most mollusk species found in cores 6708-44 and 6802-BCB

are similar and since the cores were taken in the same general area

at the same water depth, the shell layer is considered to be con-

tinuous. Two radiocarbon dates of 5,860 ± 150 yrs. and 9,920 ±

170 yrs. have been obtained for the mollusk shells in the two cores.

The difference in the two dates suggests that two faunal populations

may be present. The abundance of shallow water megafauna and

foraminifera in these cores coupled with textural data, heavy mineral

concentrations and the abundance of rounded wood fragments in the

cores indicates an ancient nearshore environment that was likely

associated with a stillstand of sea level.
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Figure 24. Gastropod shells (upper) and rounded wood fragments

(lower) from core 6802-BCB. See Figure 7 for location.
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(lower) from core 6802-BCB. See Figure 7 for location.
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SEISMIC PROFILING

A continuous seismic profiling survey was conducted in the

area of study in order to determine the amount of unconsolidated

sediment present on the shelf and to locate a possible submerged

channel of the Rogue River. Approximately 250 km. of track line

were made using a 5,000 joule E, G, and G sparker system (Figure

25). The system is described in detail by Mackay (1968).

With the type of profiling equipment used, an accurate deter-

minatjon of the thickness of unconsolidated sediment overburden for

the entire area is not possible. Resolution in the upper 15 m. is

extremely poor and, therefore, only sediment accumulations greater

than 1 5 m. can be determined with any degree of accuracy. Relative

amounts of sediment overburden, however, can be determined, and

sparker records show that the southern section of the area studied

lacks a significant accumulation of unconsolidated sediment. The

shelf is also narrow and steep here. To the north, on the other hand,

the amount of overburden increases, reaching a maximum of about

25 m. on the central and inner shelf near 42°30'N (see Figure 25 for

approximate location). Representative seismic profiles from the

northern and southern section of the area are shown in Figure 26

and indicate relative amounts of unconsolidated sediment overburden

in the respective areas. The relative amounts of unconsolidated

62

SEISMIC PROFILING

A continuous seismic profiling survey was conducted in the

area of study in order to determine the amount of unconsolidated

sediment present on the shelf and to locate a possible submerged

channel of the Rogue River. Approximately 250 km. of track line

were made using a 5,000 joule E, G, and G sparker system (Figure

25). The system is described in detail by Mackay (1968).

With the type of profiling equipment used, an accurate deter-

mination of the thickness of unconsolidated sediment overburden for

the erztire area is not possible. Resolution in the upper 15 m. is

extremely poor and, therefore, only sediment accumulations greater

than 15 m. can be determined with any degree of accuracy. Relative

amounts of sediment overburden, however, can be determined, and

sparker records show that the southern section of the area studied

lacks a significant accumulation of unconsolidated sediment. The

shelf is also narrow and steep here. To the north, on the other hand,

the amount of overburden increases, reaching a maximum of about

25 m. on the central and inner shelf near 42°30'N (see Figure 25 for

approximate location). Representative seismic profiles from the

northern and southern section of the area are shown in Figure 26

and indicate relative amounts of unconsolidated sediment overburden

in the respective areas. The relative amounts of unconsolidated



12447 40 30
12420

Figure Z5. Sparker track lines.

4O

63

12447 40 30
124 20

Figure 25. Sparker track lines.

40

20

63



-

2001

300-

I

a 100

200

-

300-

SP- 43

SP- 35

Figure 26. Representative seismic profiles from north and south of the Rogue
River indicating differences in unconsolidated sediment cover (see
Figure 25 for profile locations). Dashed line on upper profile shows
unconformity surface.

I

-2

-.3
t

(D

-
0

0

-1

-.4 0

5

-

2001

300-

I

a 100

200

-

300-

SP- 43

SP- 35

Figure 26. Representative seismic profiles from north and south of the Rogue
River indicating differences in unconsolidated sediment cover (see
Figure 25 for profile locations). Dashed line on upper profile shows
unconformity surface.

I

-2

-.3
t

(D

-
0

0

-1

-.4 0

5



65

sediment thicknesses in the area supports the hypothesis that the net

movement of sediment is to the north.

It is unlikely that the Rogue River did not cut a channel into

the exposed continental shelf during the last lowering of sea level,

yet sparker profiles reveal no evidence of a submerged channel. It

is evident that the channel should have filled during the transgression

of the sea, but similarly, no structure resembling a filled channel

is shown on the records. The alternative explanation is that the

channel may not have been cut deep enough (1. e. less than 15 m.) to

be resolved on the sparker records.
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MAGN ETICS

Placer deposits occur ring in the beaches in the vicinity of the

Rogue River are composed chiefly of black opaque minerals, notably

magnetite, with smaller amounts of chromite and ilmenite (Griggs,

1945). Magnetite is concentrated in sufficient quantity in these

deposits (and probably those submerged offshore) to produce detect-

able magnetic anomalies. A preliminary magnetic survey was con-

ducted over an area of the continental shelf to test this hypothesis

(Kulm et al., 1968a). While it is conceivable that anomalies detected

may not result from submerged placer bodies, but rather from

deep-seated igneous intrusions, a regional magnetic survey con-

ducted over the southern Oregon shelf (Emiliaetal.., 1968) shows

no positive anomalies in the vicinity of the Rogue River.

Approximately 60 km. of magnetic profiles were made off the

Rogue River (Figure 27). The track lines were generally oriented

normal to shore in order to accurately define possible submerged

placers which would tend to be elongate parallel to the shoreline.

The survey was conducted using a magnetometer with a sensitivity

of ± 5 gammas constructed in the Marine Geophysics Department at

Oregon State University. Results of this survey are discussed in

detail by Kulmetal. (1968a) and are described here in more general

terms.
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The total magnetic intensity values recorded along east-west

profiles are shown in Figure 28. A number of large narrow

anomalies were also recorded at a depth of 18 m. on a track line

normal to a seaward projection of the general trend of the axis

of the Rogue River (Figure 29).

Six notable magnetic anomalies (A through F), ranging in

magnitude from 10 to 300 gammas above the regional field were

detected along the track lines (Figures 28 and 29). The steep-sided

anomalies occur in water depths of 18, 37, 70, 73, and 83 m. and

the shapes of the anomalies suggest that the sources are very shallow

and narrow in dimension (Kulm et aL, 1968a). The prominant

anomaly E (Figure 28), which occurs in a water depth of 70 m. , is

of particular interest because of its magnitude. An attempt has been

made to resolve the dimensions and magnetic susceptibility of the

source of this anomaly.

Hypothetical models were constructed (Emilia, 1968) to

simulate the observed magnetic anomaly. The models were derived

on the as sumption that the anomaly is produced by placer deposits

with similar physical and magnetic properties as those found on the

present beaches. Only two dimensions of the body can be ascertained

(width and thickness) since only a single profile was made over the

areas

Kulmetal. (1968a) have shown that anomaly E could be produced
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by two placer bodies each 10 m. thick, 25 m. wide, and spaced 45 rn.

aparl (Figure 30). Depth to source calculations indicate the tops of

the bodies are at a depth of 75 m. (below sea level); depth of water

over the anomaly is 70 m. A magnetic content between 12. 6 and 20. 9

percent in the shoreward body and 7. 5 to 12. 4 in the other could

create sufficient magnetization to produce the observed anomaly.

It is also possible that a single placer body 200 m. wide and 10 m.

thick could produce the anomaly. Concentrations in the single-body

source are similar to those calculated for the two-source anomaly.

The single-source anomaly (Figure 31) proved to fit as well as that

calculated for the two-body source.

Placer accumulations onshore are concentrated in the beaches

and terraces as distinct sedimentation units ranging in thickness

from six inches to 40 ft. (Pardee, 1934; Griggs, 1945). It is not

possible to determine the distribution of magnetite in the submerged

placers and an even distribution must be assumed for the calculation

of the model parameters rather than discrete layers of opaque

minerals as is the case inthe placers occurring onshore.
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ECONOMIC CONSIDERATIONS

Evaluation of the economic mineral potential of the submerged

placers on the southern Oregon shelf is difficult with the information

now available, but subsequent detailed investigations should be able

to ascertain the economic feasibility of the area using the present

study as a foundation for future research.

Minerals of economic potential known to occur in the beaches

and terraces in the vicinity of the Rogue River are gold, chromite,

ilmenite, magnetite and platinum. Griggs (1945) studied the placer

deposits of the southern Oregon coast in detail and he describes two

types of placers in the area--a beach placer which is lenticular in

shape, thinning shoreward with ill-defined seaward boundaries, and

an offshore placer of irregular shape and variable dimensions.

Beach placers are commonly 1,000 ft. in length, 200 ft. wide, and

range in thickness from a few inches to a maximum of about 40 ft.

Clifton (1968) has described the surface distribution of gold in

sediments from the area of investigation; he feels that the concentra-

tions can be accurately determined in the parts per billion range.

Clifton reports small surface anomalies (greater than 5 ppb.) have

been found at depths of 28, 64, and 118 m. A slightly larger

anomaly (up to 100 ppb.) is located off the mouth of the Rogue in a

depth of 30 m. The anomalies are very small and could be caused
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Clifton reports small surface anomalies (greater than 5 ppb.) have

been found at depths of 28, 64, and 118 m. A slightly larger

anomaly (up to 100 ppb.) is located off the mouth of the Rogue in a

depth of 30 m. The anomalies are very small and could be caused
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by the presence of one particle of gold weighing .00001 gram in a

kilogram sample. Significant concentrations in the parts per

million range would be necessary to prove the deposits economically

feasible and even then offshore mining on the continental shelves is

currently prohibited by Oregon law.
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CONCLUSIONS

The continental shelf off the Rogue River, Oregon, readily

lends itself to a detailed investigation of the Holocene rise in sea level.

Although the history of the area is complicated by more than 400 m.

of uplift during the Quaternary, most of the tectonic activity probably

occurred prior to the last rise in sea level. Curray (1960, 1961,

1965) has demonstrated that sea level has risen about 125

m. during the last 18, 000 yrs. and has been relatively static for the

last 3,000 yrs. Changes in the rate of rise of sea level (i. e. still-

stands or minor regressions) are recorded in the sediments as well

as in the morphology of the shelf.

Profiles across the shelf constructed from the existing

bathymetry map for the area reveal several submerged terraces or

benches in the area. These terraces are likely either wave cut or

depositional and were formed during a lower stand of sea level.

They are possibly indicative of stillstands of sea level and may be

as sociated with minor regres sions.

The distribution of offshore sediments reveals areas of high

sand content occurring on the central and outer continental shelf.

These are relict transgressive deposits and their presence at the

surface implies a low rate of recent sedimentation. The distribution

of sediment in the box cores taken in the area shows that sand content
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generally increases with depth. Rounded gravels collected at the

surface in various water depths in the southern part of the area of

study substantiate the idea of low recent accumulation and, at the same

time, may designate depths of stillstands.

Grain size analyses of the offshore sediments indicate that three

sediment facies occur on the continental shelf: a basal transgressive

sand, deposited in nearshore regions during the rise of sea level; a

recent fine- grained mud facies, dominated by silt size material; and

an intermediate sediment formed by a mixture of the other two.

Benthic organisms are most likely responsible for the mixing. A

significant accumulation of Facies III sediment (nearshore sands)

should be associated with a stillstand of sea level. The possibility

of textural preservation would be greater in an area of thick accumula-

tion, and possible stillstands of sea level may be inferred at depths

where there is a persistant dominance of transgressive sand.

Textural parameters of sediments are environmentally sensi-

tive and in order to define possible stillstands in sea level, the

sand fractions of the offshore samples were analyzed separately to

compare with the textural characteristics of the beach sands.

Results of this comparison show that the offshore sands have a much

smaller average mean diameter and are generally better sorted than

the beach sands. The differences in mean diameter between beach

and offshore sands are explained in the facies relationships of a
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transgressive sediment sequence (Figure 18). A coarse grained

beach deposit is onlapped by subsequent nearshore fine sand and

central shelf mud facies after submergence. Box cores taken on the

continental shelf in the area of the Rogue River penetrated relict

nearshore facies, but did not actually reach the basal coarse-grained

beach deposits. The possibility of a finer grained source for the

relict sediments cannot be demonstrated without greater penetration

into the unconsolidated sediment on the shelf.

Concentrations of heavy minerals average 22 percent in the

beach sands and 14 percent in the sand fractions of the offshore

sediments. Anomalously high percentages of heavy minerals (par-

ticularly the dense opaque minerals) in the offshore region most

likely indicate submerged beach or nearshore depos its. Concentra-

tions of total heavy minerals in the box cores are generally uniform

with depth, while the percentages of the opaque minerals are more

variable.

A preliminary magnetic survey conducted over the area to

locate anomalies generated by subjerged placer deposits indicates

possible placer accumulations and related stillstands of sea level at

depths of 18, 37, and 70-75 m. A more detailed survey, is necessary

to verify the continuity of these anomalies.

The net movement of sediment on the continental shelf in the

vicinity of the Rogue River is northward. The highest discharge of
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the river occurs during the winter months when littoral drift and

subsurface shelf currents are to the north. Evidence to support this

observation includes the surface distribution pattern of heavy

minerals, seismic profiling, and bathymetric relief. Sparker

records indicate a much greater accumulation of unconsolidated

sediment on the northern section of the shelf, and submerged terraces

defined on the basis of bathymetric relief are less frequent and not as

pronounced north of the Rogue River.

From a combination of various types of evidence (sediment

texture, heavy and opaque mineral concentrations, distribution of

gravels, bathymetric relief, and magnetics) stillstands of sea level

associated with the Holocene transgression are postulated at depths

of 18, 29, 47, 71, 84, 102, and 150 m. The accuracy in all cases

should be taken as ± 5 m. A summary diagram representing this

compilation is shown in Figure 32.

Placer deposits similar to those on the present beaches and

in the uplifted terraces onshore probably occur in the offshore region

and the postulated stillstands should prove to be valuable guides in

future exploration for submerged placers on the continental shelf off

southern Oregon.
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APPENDIX I 

SAMPLE LOCATIONS 

OSU Sample Depth 
Number Latitude Longitude Meters 

SURFACE SAMPLES 

6505*-liz 42°38.0' 124°41.3' 178 
6505-113 42°38.0' 124°37.1' 135 
6505-114 42°38.0' 124°33.2' 110 
6505-117 42°380' 124°27.8' 55 
6505-118 42°38.0' 124°25.1' 28 
6505-119 42°35.0' 124°249' 23 
6505-120 42°35.0' 124°276' 54 
6505-121 42°35.0' 124030.3t 67 

6505-122 42°35.0' 124°33.0' 83 
6505-123 42°35.0' 124°35.7' 114 
6505-124 42°350' 124°38.4' 122 
6505-125 42°35.0 124041.lt 144 
6505-130 42°32.0' 124°42.0' 243 
6505-131 42°32.0' 124°39 3' 183 
6505-132 42°32.0' 124°36.6' 98 

6505-133 42°32.0' 124°339' 81 
6505-134 42°32.0' 124°31.1' 50 

6505-135 42°320' 124°28.5' 39 
6505-137 42°290' 124°297' 35 
6505-138 42°29.0' 124°32.4' 56 
6505-139 42°290' 124°35.2' 83 
6505-140 42°29.0' 124°37.8' 100 
6505-141 42°29.0' 124°40.5' 116 
6505-142 42°290' 124°43.2' 139 
6505-143 42°290' 124°46.0' 169 
6505-145 42°26.O' 124°45. 6' 322 
6505-146 42026.Ot l24°429' 122 
6505-147 42°26.0' 124°40.2' 105 
6505-148 42°28.0' 124°37.5' 98 
6505-149 42°26.0' 124°34.8' 78 

* First four digits of sample number indicate year and month 
collected. 

APPENDIX I 

SAMPLE LOCATIONS 

OSU Sample Depth 
Number Latitude Longitude Meters 

SURFACE SAMPLES 

6505*_liz 42°38.0' 124°41.3' 178 
6505-113 42°38.0' 124°37.1' 135 
6505-114 42°38.0' 124°33.2' 110 
6505-117 42°380' 124027.8? 55 
6505-118 42°38.0' 124°25.i' 28 
6505-119 42°35.0' 124°24.9' 23 
6505-120 42°350' 124°27.6' 54 
6505-121 42035.0? 124°30,3' 67 
6505-122 42°35.0' 124°33.O' 83 
6505-123 42°35.0' 124°35.T 114 
6505-124 42°35.0' 124°38.4' 122 
6505-125 42°35.0 124041.11 144 
6505-130 42032.0? 124°42.0' 243 
6505-131 42°32.0' 124°39.3' 183 
6505-132 42°32.0' 124°36.6' 98 
6505-133 42°32.0' 124°33.9' 81 
6505-134 42°32.0' 124°31.1' 50 
6505-135 42032.0? 124°28.5' 39 
6505-137 42°290' 124°29.7' 35 
6505-138 42029.0? 124°32.4' 56 
6505-139 42029.0I 124°35.2' 83 
6505-140 42°29.0' 124°37.8' 100 
6505-141 42°29.0' 124040.5? 116 
6505-142 42°29.0' 124043.2? 139 
6505-143 42029.0? 124°46.0' 169 
6505-145 42°26.O' 124°45.6' 322 
6505-146 42026.0? 124042.9? 122 
6505-147 42°26.0' 124°40.2' 105 
6505-148 42°28.O' 124°37.5' 98 
6505-149 42°26.0 124°34.8' 78 

* First four digits of sample number indicate year and month 
collected. 



Appendix I. Continued 

OSU Sample 
Number Latitude 

Depth 
Longitude Meters 

6505-150 42°260' 124°32.1' 62 

650 5-152 42°23.0' 124°26. 9' 22 
6505-153 42°23.0' 124°28.3' 39 
6505-155 42°23.0' 124°32.4' 86 
6505-156 42023.Ot 124°351' 103 
6505-157 42°23.0' 124°37.8' 125 
6505-168 42°20.0' 124037.6t 167 
6505-169 42°20.0' 124°34.9' 137 
6505-170 42020.0? 124°32.2' 122 
6505-172 42°20.0 124°26.8' 26 

6707-5 42024.3t 124°28.O' 31 

6707-6 42°24.7' 124°29.6' 27 
6707-7 42°26.6' 124°32.9' 67 
6707-8 42°26.9' 124°35.5' 164 
6707-9 42°26. 7' 124°38. 6t 106 

6707-10 42°26. 8' 124°40. 6' 110 
6707-11 42°27,8' 124°38.4' 102 
6707-12 42027.1? 124036.2t 80 
6707-13 42027.9t 124°33.O' 59 
6707-14 42°29.l' 124°303' 35 
6707-15 42°30.3' 124°30.2' 36 
6707-16 42°3O.7 124°34.3' 74 
6707-17 42031.81 l24°37.9' 103 
6707-18 42035.8t 124°41.3' 155 
6707-19 42°36.8' 124°37.4' 118 
6707-20 42°38.0' 124°34.2' 95 

6708-4 42°27.3' 124°34.7' 80 
6708-5 42027.2t 124°31.9' 54 
6708-6 42°26.2 124°30.7' 53 
6708-7 42°25.0' 124030.9t 55 
6708-8 42°25. 3' 124° 33.4' 68 

6708-9 42°24.3' 124°35.O' 84 
6708-10 42°24.2' 124°33.5' 73 
6708-11 42°24.3' 124032.3t 71 

6708-13 42°24.l' l24°295' 47 
6708-14 42°23.2' 124°30.8' 73 
6708-52 42037.9t 124°30.5' 76 

6708-53B 42040.Ot 124°30.l' 72 
6708-55 42°37.2' 124037.2t 120 

Appendix I. Continued 

OSU Sample 
Number Latitude Longitude 

Depth 
Meters 

6505-150 42°26.0' 124°32.l' 62 
6505-152 42°23.0' 124°26.9' 22 
6505-153 42°23.0' 124°28.3' 39 
6505-155 42°23.0' 124°32.4' 86 
6505-156 42°23.0' 124°35l' 103 
6505-157 42°23.0' 124°37. 8' 125 
6505-168 42°20.O' 124°37. 6' 167 
6505-169 42°20.0' 124°34.9' 137 
6505-170 42°20.0' 124°32.2' 122 
6505-172 42°20.0' 124°26.8' 26 

6707-5 42024.3t 124°28.0' 31 
6707-6 42°24.7' 124°29.6' 27 
6707-7 42°26.6' 124°32.9' 67 
6707-8 42°26.9' 124°35.5' 164 
6707-9 42°26.7' 124°38.6' 106 

6707-10 42°26.8' 124°40.6' 110 
6707-11 42°27.8' 124°38.4' 102 
6707-12 42°27.1' 124°36.2' 80 
6707-13 42°27.9' 124°33.0' 59 
6707-14 42°29.1' 124°30.3' 35 
6707-15 42°30.3' 124°30.2' 36 
6707-16 42°30.7' 124°34.3' 74 
6707-17 42°31.8' 124°37.9' 103 
6707-18 42°35.8' 124°41.3' 155 
6707-19 42°36.8' 124°37.4' 118 
6707-20 42°38.0' 124°34.2' 95 

6708-4 42°27.3' 124°34.7' 80 
6708-5 42°27.2' 124°31.9' 54 
6708-6 42°26.2 124°30.7' 53 
6708-7 42°25.0' 124°30.9' 55 
6708-8 42°25. 3' 124°33. 4' 68 
6708-9 42°24. 3' 124° 35.0' 84 

6708-10 42°24.2' 124°33.5' 73 
6708-11 42°24.3' 124°32.3' 71 
6708-13 42°24.1' 124°29.5' 47 
6708-14 42°23.2' 124°30.8' 73 
6708-52 42°37.9' 124°30.5' 76 

6708-53B 42°40.0' 124°30.1' 72 
6708-55 42°37.2' 124°37.2' 120 



Appendix I. Continued 

OSU Sample 
Number Latitude Longitude 

Depth 
Meters 

6708-56 420398t 124°39.7' 145 
6708-C-25 42°24.7' 124°35.8' 90 

6708-C-27 42°23.O' 124041.9t 115 
6708-C-28 420230t 124°40.6' 137 
6708-C-29 42°21.5' 124°36.O' 135 
6708-C-30 42°21.6' 124032.lt 95 
6708-C-32 42°21.8' 124°26.2' 13 
6708-C-59 42°22.5' 124°28.8' 15 
6708-C-60 42°21.4' 1240288t 9 

6708-C-61 42°20.5' 124°28.7' 15 
6708-C-68 42°22.5' j24°27.4' 9 

6708-C-71 42°20.4' 124029.9t 37 

BOX CORES 

6708-1 42°31.8 124°30.3' 45 
6708-2 420283t 124°31.9' 52 
6708-3 42°28.2' 124°34.5' 80 

6708-12 42°24 4' 124°29 8' 50 

6708-15 42°23.2' 124°33.5' 85 
6708-16 4Z0252' 124°34.8' 75 
6708-17 42°25.3' 124°32.2' 70 
6708-19 42°26.6' 124°31.9' 60 

6708-21 42026.2t 124°42.5' 122 
6708-24 42°21.2' 124°32.1' 105 
6708-20 42°21.1' 124°27.5' 27 
6708-31 42°24.2' 124°26.7' 17 
6708-32 42°22.7' 124°26.9' 22 
6708-34 42°28.4' 124038.8t 104 
6708-35 42°32.2' 124°39.1' 180 
6708-44 42°351' 124041.Ot 150 
6708-45 42°35.6' 124°39.1' 126 
6708-46 42°35.4' 124°42.3' 243 
6708-47 42°33.6' 124°38.0' 115 
6708-48 42°33.4' 124°33.3' 86 
6708-49 42°33.4' 124°28.7' 50 

6708-50 42°36.0' 124°26.7' 50 

6708-51 42039.0! 124°27.7' 50 

6708-54 42°37.2' 124°34.2' 96 
6802-BCB 42°35.1' 124°41.1' 150 

Appendix I. Continued 

OSU Sample Depth 
Number Latitude Longitude Meters 

6708-56 42°39.8' 124039.71 145 
6708-C-25 42°24.7' 124°35.8' 90 
6708-C-27 42°23,0' 12404191 115 
6708-C-28 42°23.0' 124°40.6' 137 
6708-C-29 42°21.5' 124°36.0' 135 
6708-C-30 42°21.6' 124°32.l' 95 
6708-C-32 42021.8? 124°26.2' 13 
6708-C-59 42022.5 124°28.8' 15 
6708-C-60 42°2l.4' 124028.8? 9 
6708-C-61 42°20.5' 124°28.7' 15 
6708-C-68 42°22.5 124°27.4' 9 
6708-C-71 42°2O.4' 124°29.9' 37 

BOX CORES 

6708-1 42°31.8 124°30.3' 45 
6708-2 42°28.3' 124°31.9' 52 
6708-3 42°28.2' 124°34.5' 80 

6708-12 42°24.4 124°29.8' 50 
6708-15 42°23.2' 124°33.5' 85 
6708-16 4Z°25.2' 124°34.8' 75 
6708-17 42°25.3' 124°32.2' 70 
6708-19 42°26.6' 124°31.9' 60 
6708-21 42°26.2' 124°42.5' 122 
6708-24 42°21.2' 124°32.1' 105 
6708-20 42°21.1' 124°27.5' 27 
6708-31 42°24,2' 124°26.7' 17 
6708-32 42°22.7' 124°26.9' 22 
6708-34 42°28.4 124038.81 104 
6708-35 42°32.2' 124°39.1' 180 
6708-44 42°35.1' 124041.01 150 
6708-45 42°35,6' 124°39.1' 126 
6708-46 42°35.4' 124°42.3' 243 
6708-47 42°33.6' 124°38.0' 115 
6708-48 42°33.4' 124°333' 86 
6708-49 42033.4 124°28.7' 50 
6708-50 42°36.0' 124°26.7' 50 
6708-51 42039.0? 124027.7? 50 
6708-54 42°37.2' 124°34.2' 96 

6802-BCB 42°35.1' 124°41.1' 150 



Appendix I. Continued

OSU Sample
Number Latitude Longitude

Depth
Meters

PISTON CORES

6708-20 42°26.4' 124°42.5' 118
6708-23 42°21.6' 124°33.3' 100
6708-33 42°29.8' 124°38.6' 104
6708-43 42°35.9' 124041.0? 148

Appendix I. Continued

OSU Sample
Number Latitude Longitude

Depth
Meters

PISTON CORES

6708-20 42°26.4' 124°42.5 118
6708-23 42°21.6' 124°33.3' 100
6708-33 42°29.8' 124°38.6' 104
6708-43 42°35.9 124°41.O' 148
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BEACH SAMPLES

A. North of Rogue River

1. lower foreshore
6804-RR1 6804-RR16

6804-RR4 6804-RR19

2. upper foreshore
6804-RR2 6804-RR17

6804-RR5 6804-RR2O

3. backshore
6804-RR3 6804-RR18

6804-.RR6 6804-RR21

B. South of Rogue River

1. lower foreshore
6804-RR7 6804-RR13

6804- R Ri 0

2. upper foreshore
6804-RR8 6804-RR14

6804-RR1 1

3. backshore
6804-RR9 6804-RR15

6804- R Ri 2

A. North of Rogue River

1. lower foreshore
6804- R Ri

6804- RR4

2. upper foreshore
6804-RRZ
6804-RR5

3. backshore
6804- R R 3

6804-RR6

B. South of Rogue River

1. lower foreshore
680 4-RR7
680 4-RR1O

2. upper foreshore
680 4-RR8
6804- RR11

3. backshore
6804- R R 9

6804-RR1Z

BEACH SAMPLES

680 4-RR1 6

6804-RR1 9

6804- R Ri 7

680 4-RR2O

6804- RR18
6804-RRZ1

6804-RR13

6804-RR14

6804-RR1 5
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APPENDIX II

TEXTURAL ANALYSES OF THE TOTAL SEDIMENT

OSU Sample
Number

Depth
Interval

in cores (cm) M4 cr 4)

Percent
Sand

Percent
Silt

Percent
Clay

6505 -112 --- 4.59 2.13 .80 70.8 16.4 12.8
6505-113 --- 5.70 2.52 .65 40.9 37.3 21.7
6505-114 --- 6. 31 2. 62 . 43 23.6 51. 6 24. 8

6505-116 --- 6.67 2.76 .57 10.3 62.4 27.3
6505-117 --- 3.68 1.49 .71 72.5 22.4 5.1
6505-118 --- 2.98 .37 .04 100.0 0.0 0.0
6505-119 --- 2.97 .38 .04 100.0 0.0 0.0
6505-120 --- 6.33 3.04 .67 25.7 49.5 24.8
6505 -1 21 --- 6.40 2.58 .27 23.9 52.2 23.8
6505-122 --- 5.76 2.50 .55 31.8 48.1 20.0
6505-123 --- 6.20 2.49 .38 21.7 54.2 24.2
6505-125 --- 4.49 2.06 .69 64.3 24.6 11.1
6505-130 --- 4.93 2.56 .83 62.4 20.6 17.0
6505-131 --- 6.43 2.83 .29 21.9 50.3 27.8
6505-132 --- 7.05 2.90 .12 18.0 39.9 42.1
6505 -133 --- 7.39 2.49 .22 8.4 57. 3 34.3
6505 -134 --- 3. 48 .33 -.01 93.5 6.5 0.0
6505-135 --- 3.40 .31 -.04 96.9 3.1 0.0
6505-137 --- 3.15 .52 -.21 100.0 0.0 0.0
6505-138 --- 5.52 3. 11 .38 39.6 42.4 17.9
6505-139 --- 5.05 2.50 .78 53.8 28.2 17.9
6505-140 --- 5.20 2.53 .74 54.8 26.9 18.2
6505-141 --- 6.25 2.92 .43 36.1 36.9 27.0
6505-142 --- 5.97 2.92 .65 42.9 29.9 27.2
6505-145 --- 5.40 2.33 .64 39.9 42.7 17.4
6505 -146 --- 6.53 3.23 .21 32.4 34.5 33.1
6505-147 --- 6.92 2.54 .20 12.0 53.6 34.4
6505 -148 --- 4.52 2.35 .84 61.6 23.7 14.7
6505-149 --- 3.74 1.79 .78 77.3 14.7 8.0
6505 -150 --- 5.33 3. 18 .76 50.7 26.3 22. 9

6505-152 --- 3.00 .29 -.12 100.0 0.0 0.0
6505-153 --- 3.09 1.81 .52 85.0 4.1 10.9
6505-155 -- 5.79 2.95 .38 41.3 33.7 25.0
6505-156 --- 5.41 2.32 .49 35.6 48.1 16.2
6505-157 --- 5.70 2.38 .44 34.9 44.5 20.6
6505-168 --- 6.40 2.13 .26 6.1 68.9 24.9
6505-169 --- 6.92 2.61 .32 6.5 63.9 29.5
6505-170 --- 6.62 2.47 .33 9.1 63.2 27.6
6505-172 --- 2.92 1.21 .46 93.8 .2 6.0

6708-lA 0- 8 3.50 .51 . 34 88.2 9. 3 2.5
6708-lB 8-17 3.68 .50 .28 80.6 17.7 1.7
6708-iC 17-25 3.73 .58 .30 79.5 17.7 2.7
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APPENDIX II

TEXTURAL ANALYSES OF THE TOTAL SEDIMENT

OSU Sample
Number

Depth
Interval

in cores (cm) M4 cr

Percent
Sand

Percent
Silt

Percent
Clay

6505-112 --- 4.59 2.13 .80 70.8 16.4 12.8
6505-113 --- 5.70 2.52 .65 40.9 37.3 21.7
6505-114 --- 6.31 2.62 .43 23.6 51.6 24.8
6505-116 --- 6.67 2.76 .57 10.3 62.4 27.3
6505-117 --- 3.68 1.49 .71 72.5 22.4 5.1
6505-118 --- 2.98 .37 .04 100.0 0.0 0.0
6505-119 --- 2.97 .38 .04 100.0 0.0 0.0
6505-120 --- 6.33 3.04 .67 25.7 49.5 24.8
6505-1 21 --- 6.40 2.58 .27 23.9 52.2 23.8
6505-122 --- 5.76 2.50 .55 31.8 48.1 20.0
6505-123 --- 6.20 2.49 .38 21.7 54.2 24.2
6505-125 --- 4.49 2.06 .69 64.3 24.6 11.1
6505-130 --- 4.93 2.56 .83 62.4 20.6 17.0
6505-131 --- 6.43 2.83 .29 21.9 50.3 27.8
6505-132 --- 7.05 2.90 .12 18.0 39.9 42.1
6505 -133 --- 7. 39 2.49 . 22 8. 4 57. 3 34. 3
6505-134 --- 3.48 .33 -.01 93.5 6.5 0.0
6505-135 --- 3.40 .31 -.04 96.9 3.1 0.0
6505-137 --- 3.15 .52 -.21 100.0 0.0 0.0
6505-138 --- 5.52 3.11 .38 39.6 42.4 17.9
6505-139 --- 5.05 2.50 .78 53.8 28.2 17.9
6505-140 --- 5.20 2.53 .74 54.8 26.9 18.2
6505 -141 --- 6. 25 2. 92 . 43 36. 1 36. 9 27.0
6505 -142 --- 5.97 2.92 .65 42.9 29. 9 27. 2
6505-145 --- 5.40 2.33 .64 39.9 42.7 17.4
6505 -146 --- 6.53 3.23 .21 32.4 34.5 33.1
6505-147 --- 6.92 2.54 .20 12.0 53.6 34.4
6505-148 --- 4.52 2.35 .84 61.6 23.7 14.7
6505-149 --- 3.74 1.79 .78 77.3 14.7 8.0
6505-150 --- 5.33 3.18 .76 50.7 26.3 22.9
6505-152 --- 3.00 .29 -.12 100.0 0.0 0.0
6505-153 --- 3.09 1.81 .52 85.0 4.1 10.9
6505-155 --- 5.79 2.95 .38 41.3 33.7 25.0
6505-156 --- 5.41 2.32 .49 35.6 48.1 16.2
6505-157 --- 5.70 2.38 .44 34.9 44.5 20.6
6505 -168 --- 6.40 2. 13 . 26 6. 1 68. 9 24.9
6505-169 --- 6.92 2.61 .32 6.5 63.9 29.5
6505 -1 70 --- 6.62 2. 47 .33 9.1 63. 2 27.6
6505-172 --- 2.92 1.21 .46 93.8 .2 6.0

6708-lA 0- 8 3.50 .51 . 34 88. 2 9. 3 2.5
6708-lB 8-17 3.68 .50 .28 80.6 17.7 1.7
6708-iC 17-25 3.73 .58 .30 79.5 17.7 2.7
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Appendix II. Continued

OSU Sample
Number

Depth
Interval

in cores (cm) M4 r4

Percent
Sand

Percent
Silt

Percent
Clay

6708-2A 0- 7 3.44 1.48 .73 82.7 10.4 6.9
6708-2B 7-15 3.79 1.87 .79 81.8 10.1 8.1

6708-2C 15-23 3.35 1.46 .67 82.8 9.7 7.5
6708-3A 0- 8 4.98 2.81 .68 51.5 30.6 17.9

6708-3B 8-17 4.86 2.75 .79 56.2 25.8 18.0

6708-3C 17-25 5.38 2.92 .60 49.3 28.3 22.4
6708-4 --- 4.60 2.60 .82 65.9 17.7 16.4
6708-5 --- 4. 71 2.58 .82 57. 1 26. 6 16. 3

6708-8 --- 3.95 2.10 .77 71.4 18.7 9.9
6708-9 --- 4.21 2.13 .78 69.8 17.9 12.3

6708-10 --- 4.95 2.83 .72 53.5 28.6 17.9
6708-11 5.45 2.65 .32 42.4 33.5 24.1

6708-14 --- 4.29 2.58 .83 64.9 21.6 13.5

6708-iSA 0-10 5.80 3.12 .39 45.4 29.4 25.2

6708-15B 10-20 4.25 2.44 .78 69.3 18.2 12.5

6708-1SC 20-30 3.92 2.13 .76 77.6 12.8 9.6

6708-1SD 30-40 3.99 2.15 .74 76.7 14. 1 9. 2

6708-16A 0-11 3.40 1.61 .75 82.2 11.1 6.7
6708-16B 11-22 4.42 2.54 .83 63.9 21.5 14.5

6708-16C 22-33 4. 21 2.25 .81 74.3 14.4 11. 3

6708-17A 0- 5 6.25 2.99 .06 28.7 43.1 28.2

6708-17B 5-18 4.01 2.20 .81 74.8 14.8 10.4
6708-17C 18-28 4.65 2.73 .82 62.7 20.9 16.4
6708-17D 28-33 5.31 2.90 .54 48.4 32.3 19.3
6708-19A 0-11 4.12 2.15 .82 72.6 18.2 9.2
6708-19B 11-23 3.33 1.55 .60 85.1 7.9 6.9
6708-23A 4- 6 4.76 2.23 .66 51.6 36.3 12.1

6708-23B 50-52 5.63 2.30 .46 42.9 42.4 14.7

6708-23C 75-77 4.67 2.11 .53 48.9 39.2 11.9
6708-23D 98-100 4.67 2.52 .61 52.8 34.8 12.4
6708-23E 124-126 5.04 2.35 .42 43.9 41.8 14.3

6708-23F 168-170 5.35 2.24 .39 36.0 49.0 15.0
6708-23G 200-202 4.48 2.24 .57 53.9 34.7 11.4
6708-23H 205-207 4.67 3.01 .66 52.8 36.7 10.5

6708-231 213-215 5.92 2.15 .13 20.2 62.8 17.0
6708-23J 241 -243 5.71 2.04 .18 19.3 66.6 14.1

6708-24A 0-15 6.25 2.58 .28 23.3 52.6 24.1

6708-24B 15-30 6.18 2.55 .27 28.6 47.5 23.9

6708-24C 30-4S S.73 2.4S .40 36.0 45.5 18.S

6708-30A 0-12 2.88 .32 -.02 98.2 0.0 1.8

6708-30B 12-25 2.91 .33 -.01 97.7 0.0 2.3

6708-31A 0- 7 3.26 .42 .03 96.S 0.0 3.S

6708-31B 7-iS 3.30 .S1 .10 94.6 2.7 2.7

6708-32 --- 2.97 .29 -.14 100.0 0.0 0.0
6708-33A 1- 3 3.37 1.66 .68 81.8 12.4 S.8
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Appendix II. Continued

OSU Sample
Number

Depth
Interval

in cores (cm) M cr a4

Percent
Sand

Percent
Silt

Percent
Clay

6708-2A 0- 7 3.44 1.48 .73 82.7 10.4 6.9
6708-2B 7-15 3.79 1.87 .79 81.8 10.1 8.1
6708-2C 15-23 3.35 1.46 .67 82.8 9.7 7.5
6708-3A 0- 8 4.98 2.81 .68 51.5 30.6 17.9
6708-3B 8-17 4.86 2. 75 .79 56. 2 25.8 18.0
6708-3C 17-25 5.38 2.92 .60 49.3 28.3 22.4
6708-4 --- 4.60 2.60 .82 65.9 17.7 16.4
6708-5 --- 4.71 2.58 .82 57.1 26.6 16.3
6708-8 --- 3.95 2.10 .77 71.4 18.7 9.9
6708-9 --- 4.21 2.13 .78 69.8 17.9 12.3
6708-10 --- 4.95 2.83 .72 53.5 28.6 17.9
6708-11 --- 5.45 2.65 .32 42.4 33.5 24.1
6708-14 --- 4.29 2.58 .83 64.9 21.6 13.5
6708-iSA 0-10 5.80 3.12 .39 45.4 29.4 25.2
6708-15B 10-20 4.25 2.44 .78 69.3 18.2 12.5
6708-15C 20-30 3.92 2.13 .76 77.6 12.8 9.6
6708-15D 30-40 3.99 2.15 .74 76.7 14.1 9. 2
6708-16A 0-11 3.40 1.61 .75 82.2 11.1 6.7
6708-16B 11-22 4.42 2.54 .83 63.9 21.5 14.5
6708-16C 22-33 4. 21 2.25 .81 74. 3 14.4 11. 3
6708 -17A 0- 5 6. 25 2. 99 .06 28. 7 43. 1 28. 2
6708-17B 5-18 4.01 2.20 .81 74.8 14.8 10.4
6708-17C 18-28 4.65 2. 73 .82 62. 7 20.9 16. 4
6708-17D 28-33 5.31 2.90 .54 48.4 32.3 19. 3
6708-19A 0-11 4. 12 2. 15 .82 72.6 18. 2 9. 2
6708-19B 11-23 3.33 1.55 .60 85.1 7.9 6.9
6708-23A 4- 6 4.76 2.23 .66 51.6 36.3 12.1
6708-23B 50-52 5.63 2.30 .46 42.9 42.4 14.7
6708-23C 75-77 4.67 2.11 .53 48.9 39.2 11.9
6708-23D 98-100 4.67 2.52 .61 52.8 34.8 12.4
6708-23E 124-126 5.04 2.35 .42 43.9 41.8 14.3
6708-23F 168-170 5.35 2.24 .39 36.0 49.0 15.0
6708-23G 200-202 4.48 2.24 .57 53.9 34.7 11.4
6708-23H 205-207 4.67 3.01 .66 52.8 36. 7 10.5
6708-231 213-215 5.92 2.15 .13 20.2 62.8 17.0
6708 -23J 241 -243 5.71 2.04 .18 19.3 66.6 14. 1

6708 -24A 0-15 6. 25 2.58 28 23. 3 52. 6 24. 1

6708-24B 15-30 6.18 2.55 .27 28.6 47.5 23.9
6708-24C 30-45 5.73 2.45 .40 36.0 45.5 18.5
6708-30A 0-12 2.88 .32 -.02 98.2 0.0 1.8
6708 -30B 12-25 2.91 .33 -.01 97.7 0.0 2. 3

6708-31A 0- 7 3.26 .42 .03 96.5 0.0 3.5
6708-31B 7-15 3.30 .51 .10 94.6 2.7 2.7
6708-32 --- 2.97 .29 -.14 100.0 0.0 0.0
6708-33A 1- 3 3.37 1.66 .68 81.8 12.4 5.8
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Appendix II.Continued

OSU Sample
Number

Depth
Interval

in cores (cm) M4) 0-4) Q4
Percent

Sand
Percent
Silt

Percent
Clay

6708-33B 21-23 3.72 1.81 .79 77.9 15.1 7.0
6708-33C 41-43 2.96 1.25 .45 91.1 2.1 6.8
6708-33D 61-63 3.34 1.68 .71 82.4 10.9 6.7
6708 -34A 0- 9 4.94 2.36 .75 55.0 27. 3 17. 7

6708-34B 9-18 4.57 2.38 .81 67.1 19.7 13.2
6708-34C 18-27 4. 18 2.02 .79 76. 1 14. 9 8.9
6708 -34D 27-36 4. 15 1. 89 . 79 80. 1 10. 9 9. 0

6708-34E 36-45 3.52 1.40 .63 82.0 9.8 8.2
6708-35A 0- 9 6. 15 2. 99 . 30 36.0 40.4 23. 6

6708-35B 9-16 6.73 3.71 .41 32.9 41.9 25.2
6708 -35C 16-25 6. 34 2. 63 .01 29.7 46. 3 24.0
6708 -35D 25-34 5.82 2.55 . 23 38.5 38.7 22.8
6708-35E 34-42 5.44 2.45 .51 47.9 30.5 21.6
6708-35F 42-50 4.64 2.16 .79 64.3 22.5 13.2
6708-43A 0-10 3.15 .89 .30 89.7 7.8 2.5
6708 -43B 10-20 3. 12 .69 . 36 93.8 4. 2 2. 0

6708 -43C 20-30 3. 24 . 78 . 45 89.4 7. 7 2. 9

6708-43D 30-40 3. 20 .74 .46 90.9 7.4 1.7
6708-44A 0- 5 4.03 1.87 .78 77.4 12.8 9.8
6708-44B 5-15 4.01 1.96 .78 80.1 11.0 8.9
6708-44C 15-25 3.67 1.51 .70 81.7 10.7 7.6
6708-44D 25-35 3.32 1.06 .48 86.5 8.5 5.0
6708-44E 35-40 3.28 1.08 .53 87.6 7.2 5.2
6708-45A 0-10 5.83 2.99 .59 44.8 34.6 20.6
6708-45B 10-23 5.02 2.38 .79 55.4 28.7 15. 9

6708-45C 23-34 4.72 2.27 .80 64.7 21.7 13.6
6708-45D 34-41 4.43 2.02 .79 68.7 21.9 9.4
6708-45E 41-48 4.61 2.32 .82 72.5 14.6 12.9
6708-46A 0-14 4.47 1.77 .75 69.9 21.4 8.7
6708-46B 14-30 4.56 2. 17 .81 70.3 18. 9 10.8
6708-46C 30-44 4.05 1.44 .72 76.2 16.0 7.8
6708-47A 0- 5 5.51 2.62 .60 46.8 33.9 19.3
6708-4Th 5-18 5.21 2.27 .67 49.6 31.3 19.0
6708-47C 18-30 4.65 2.45 .78 58.3 29.9 11.8
6708 -47D 30-45 4. 28 1.99 .77 69.6 21. 3 9.1
6708 -48A 0- 5 6. 75 2.94 .22 21.8 49.8 28. 3

6708-48B 5-18 5.54 2.60 .55 44. 1 38. 2 17.7
6708-48C 18-31 4.66 2.67 .74 52. 3 36.8 10. 9

6708 -48D 31-45 4. 87 1. 97 . 69 50. 9 36. 8 12. 3

6708 -49A 0-10 3.60 .85 . 39 88.9 6.6 4.5
6708-49B 10-20 3.57 .39 .19 91.9 6.1 2.0
6708-50A 0- 6 3.73 1.85 .74 78.1 12.3 9.6
6708-SOB 6-14 3.20 1.55 .58 85.1 9.2 5.7
6708-SOC 14-22 3.02 1.58 .56 86.5 7.4 6.1
6708-SOD 23-30 3.22 1.39 .62 83.9 9.7 6.4
6708-52 --- 6.93 2.75 .29 14.5 54.9 30.6
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Appendix II.Continued

OSU Sample
Number

Depth
Interval

in cores (cm) M4' 0-4)

Percent
Sand

Percent
Silt

Percent
Clay

6708-33B 21-23 3.72 1.81 .79 77.9 15.1 7.0
6708 -33C 41-43 2. 96 1. 25 45 91. 1 2. 1 6. 8
6708-33D 61-63 3.34 1.68 .71 82.4 10.9 6.7
6708 -34A 0- 9 4.94 2.36 .75 55.0 27. 3 17.7
6708-348 9-18 4.57 2.38 .81 67.1 19.7 13.2
6708-34C 18-27 4.18 2.02 .79 76.1 14.9 8.9
6708-34D 27-36 4.15 1.89 .79 80.1 10.9 9.0
6708-34E 36-45 3.52 1.40 .63 82.0 9.8 8.2
6708-35A 0- 9 6.15 2.99 .30 36.0 40.4 23.6
6708-35B 9-16 6.73 3.71 .41 32.9 41.9 25.2
6708 -35C 16-25 6. 34 2. 63 .01 29. 7 46. 3 24.0
6708-35D 25-34 5.82 2.55 .23 38.5 38.7 22.8
6708-35E 34-42 5.44 2.45 .51 47.9 30.5 21.6
6708-35F 42-50 4.64 2.16 .79 64.3 22.5 13.2
6708-43A 0-10 3.15 .89 .30 89.7 7.8 2.5
6708-43B 10-20 3.12 .69 .36 93.8 4.2 2.0
6708 -43C 20-30 3. 24 . 78 .45 89. 4 7. 7 2.9
6708 -43D 30-40 3. 20 .74 .46 90.9 7.4 1.7
6708-44A 0- 5 4.03 1.87 .78 77.4 12.8 9.8
6708-448 5-15 4.01 1.96 .78 80.1 11.0 8.9
6708-44C 15-25 3.67 1.51 .70 81.7 10.7 7.6
6708-44D 25-35 3.32 1.06 .48 86.5 8.5 5.0
6708-44E 35-40 3.28 1.08 .53 87.6 7.2 5.2
6708-45A 0-10 5.83 2.99 .59 44.8 34.6 20.6
6708-45B 10-23 5.02 2.38 .79 55.4 28.7 15.9
6708 -45C 23-34 4. 72 2. 27 .80 64. 7 21. 7 13. 6
6708-45D 34-41 4.43 2.02 .79 68.7 21.9 9.4
6708-45E 41-48 4.61 2.32 .82 72.5 14.6 12.9
6708 -46A 0-14 4.47 1. 77 .75 69. 9 21. 4 8. 7
6708 -46B 14-30 4.56 2. 17 .81 70. 3 18.9 10. 8
6708 -46C 30-44 4. 05 1. 44 . 72 76. 2 16. 0 7. 8
6708-47A 0- 5 5.51 2.62 .60 46.8 33.9 19.3
6708-47B 5-18 5.21 2.27 .67 49.6 31.3 19.0
6708-47C 18-30 4.65 2.45 .78 58.3 29.9 11.8
6708 -47D 30-45 4.28 1.99 .77 69.6 21. 3 9.1
6708 -48A 0- 5 6.75 2.94 22 21.8 49.8 28. 3
6708-48B 5-18 5.54 2.60 .55 44. 1 38.2 17.7
6708 -48C 18-31 4. 66 2.67 .74 52. 3 36. 8 10. 9
6708-48D 31-45 4.87 1.97 .69 50.9 36.8 12.3
6708 -49A 0-10 3.60 .85 . 39 88.9 6.6 4.5
6708-49B 10-20 3.57 .39 .19 91.9 6.1 2.0
6708-50A 0- 6 3.73 1.85 .74 78.1 12.3 9.6
6708-50B 6-14 3.20 1.55 .58 85.1 9.2 5.7
6708 -50C 14-22 3.02 1.58 .56 86.5 7.4 6. 1
6708-50D 23-30 3.22 1.39 .62 83.9 9.7 6.4
6708-52 --- 6.93 2.75 .29 14.5 54.9 30.6



Appendix II. Continued

OSU Sample
Number

Depth
Interval

in cores (cm) M4) 0 4) a4

Percent
Sand

Percent
Silt

Percent
Clay

6708-53B --- 5.04 2.28 .57 48.6 35.6 15.8
6708 -54A 0- 9 6. 16 2.56 . 36 24.8 54.5 20. 7

6708-54B 9-18 6.11 2.58 .37 27.0 52.1 20.9
6708-54C 18-27 6.20 3.08 .55 37.2 41.0 21.8
6708-56 --- 5.40 2.71 .76 53.5 25.9 20.6

6708-C-25 4.03 2.29 .82 75.4 13.2 11.4
6708-C-27 --- 4.07 2.89 .66 73.0 12.6 14.4
6708-C-28 --- 6.70 5.20 .79 54.5 9.7 35.8
6708-C-29 --- 7.08 2.64 .23 14.4 53.2 32.4
6708-C-30 6.21 2.94 .29 29.9 45.2 24.9
6708-C-32 --- 2.96 .34 -.02 95.3 0.0 4.7
6708-C-59 2.94 .45 .18 94.5 2.3 3.2
6708-C-60 --- 2.91 2.15 .45 90.8 2.0 7.2
6708-C-61 --- 3.06 1.58 .69 85.1 8.4 6.5
6708-C-68 --- 2.99 .33 -.01 95.4 1.7 2.9
6708-C-71 5.87 3.08 .32 43.2 32.8 24.0
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Appendix II. Continued

Depth
OSU Sample Interval Percent Percent Percent

Number in cores (cm) o4 Sand Silt Clay

6708-53B --- 5.04 2.28 .57 48.6 35.6 15.8
6708 -54A 0- 9 6.16 2.56 . 36 24.8 54.5 20. 7
6708-54B 9-18 6.11 2.58 .37 27.0 52.1 20.9
6708-54C 18-27 6.20 3.08 .55 37.2 41.0 21.8
6708-56 --- 5.40 2.71 .76 53.5 25.9 20.6

6708-C-25 --- 4.03 2.29 .82 75.4 13.2 11.4
6708 -C -27 --- 4.07 2. 89 . 66 73. 0 12. 6 14. 4
6708-C-28 --- 6.70 5.20 .79 54.5 9.7 35.8
6708-C-29 --- 7.08 2.64 .23 14.4 53. 2 32.4
6708-C-30 --- 6.21 2.94 .29 29.9 45.2 24.9
6708-C-32 --- 2.96 .34 -.02 95.3 0.0 4.7
6708-C-59 --- 2.94 .45 .18 94.5 2.3 3.2
6708-C-60 --- 2.91 2.15 .45 90.8 2.0 7.2
6708-C-61 --- 3.06 1.58 .69 85.1 8.4 6.5
6708-C-68 --- 2.99 .33 -.01 95.4 1.7 2.9
6708-C-71 --- 5.87 3.08 .32 43.2 32.8 24.0



APPENDIX III

TEXTURAL ANALYSES OF THE SAND FRACTION ONLY

OSU Sample
Number ° 4)

OSU Sample
Number M

6708-iA 3.41 .29 -.03 6708-17A 2.85 .42 .14
6708-lB 3.50 .30 -.10 6708-17B 2.84 .37 .26
6708-ic 3.55 .31 -.13 6708-17C 2.90 .38 .02
6708-2A 2.96 .29 -.05 6708-17D 294 .40 -.03
6708-2.B 2.94 .31 -.07 6708-19A 3.10 .34 .10
6708-2C 2q99 .37 .09 6708-19B 3.16 .34 .05
6708-3A 2.88 . 37 .15 6708-24A 3.40 . 50 -.44
6708-3B 2.92 .35 .09 6708-24B 3.50 .38 -.26
6708-3C 2.93 .33 .13 6708-24C 3.50 .35 -.20
6708-4 2,87 .37 .05 6708-30A 2.87 .30 -.05
6708-5 2.95 .27 .16 6708-30B 2.90 .32 -.06
6708-8 281 .37 .10 6708-31A 3.24 .39 -.00
6708-9 3.00 .37 .07 6708-31B 3.26 .43 -.01
6708-10 2q92 .39 .17 6708-32 2.97 .29 -.14
6708-11 2.86 .46 .06 6708-33A 3.10 .33 .14
6708-14 2.70 .32 -.18 6708-33B 3.01 .32 .11
6708-iSA 2.95 .47 .13 6708-33C 2.01 .28 -02
6708-15B 2.90 .44 .19 6708-33D 3.03 .29 .08
6708-15C 2.92 .47 .12 670834A 3.16 .35 -.05
6708-15D 295 .49 .01 670834B 3.17 .34 -.05
6708-16A 2.82 .31 -.05 6708-34C 3.17 .35 -.10
6708-16B 2.85 .29 .07 6708-34D 3.36 .33 -.12
6708-16C 2.96 .34 -.17 6708-34E 3.13 .39 -.16

APPENDIX III

TEXTURAL ANALYSES OF THE SAND FRACTION ONLY

OSU Sample
Number Md? ad?

OSU Sample
Number Md? cr ad?

6708-lA 3.41 .29 -.03 6708-17A 2.85 .42 .14
6708-lB 3.50 .30 -.10 6708-17B 2.84 .37 .26
6708-iC 3.55 .31 -.13 6708-17C 2.90 .38 .02
6708-2A 2.96 .29 -.05 6708-17D 2.94 .40 -.03
6708-2B 2.94 .31 -.07 6708-19A 3.10 .34 .10
6708-2C 2.99 .37 .09 6708-19B 3.16 .34 .05
6708-3A 2.88 .37 .15 6708-24A 3.40 .50 -.44
6708-3B 2.92 .35 .09 6708-24B 3.50 .38 -.26
6708-3C 2.93 .33 .13 6708-24C 3.50 .35 -.20
6708-4 2.87 .37 .05 6708-30A 2.87 .30 -.05
6708-5 2.95 .27 .16 6708-30B 2.90 .32 -.06
6708-8 2.81 .37 .10 6708-31A 3.24 .39 -.00
6708-9 3.00 .37 .07 6708-31B 3.26 .43 -.01
6708-10 2.92 .39 .17 6708-32 2.97 .29 -.14
6708-11 2.86 .46 .06 6708-33A 3.10 .33 .14
6708-14 2.70 .32 -.18 6708-33B 3.01 .32 .11
6708-15A 2.95 .47 .13 6708-33C 2.01 .28 -02
6708-15B 2.90 .44 .19 6708-33D 3.03 .29 .08
6708-15C 2.92 .47 .12 6708-34A 3.16 .35 -.05
6708-15D 2.95 .49 .01 6708-34B 3.17 .34 -.05
6708-16A 2.82 .31 -.05 6708-34C 3.17 .35 -.10
6708-16B 2.85 .29 .07 6708-34D 3.36 .33 -.12
6708-16C 2.96 .34 -.17 6708-34E 3.13 .39 -.16



Appendix III. Continued

OSU Sample
Number M4

6708- 35A
6708-35B
6708-35C
6708- 35D
6708-35E
6708-35F
6708- 43A
6708 -4 3B
6708- 43C
6708-43D
6708- 44A
670 8-44B
6708- 44C
6708- 44D
6708- 44E
6708-45A
6708-45B
6708- 45C
6708-45D
670 8-45E
6708-4 6A
6708-46B
6708 -4 6C
6708-47A
6708-47 B

3.23
3. 31
3. 33
3.23
3.26
3.20
3.09
3.08
3.15
3.12
3.22
3.20
3.22
3.16
3. 1 5
3.46
3.48
3.48
3.47
3.47
342
3. 52
3.43
3.43
3.41

o a4

OSU Sample
Number M o a4

.37 .07 6708-47C 3.43 .32 -.07

.39 -.04 6708-47D 3.38 .32 -.04

.36 .02 6708-48A 3.47 .34 -.14

.38 .05 6708-48B 3.49 .32 -.14

.33 .12 6708-48C 349 .32 -.09

.35 .05 6708-48D 3.46 .30 -.02

.39 -.22 6708-49A 3.54 .28 -.11

.31 -.05 6708-49B 3.52 .26 -.09
.31 -.01 6708-50A 2.97 .39 .10
.33 .07 6708-SOB 2.99 .38 .11
.33 .05 6708-SOC 2.87 .36 .05
.34 -.04 6708-SOD 295 .38 .13
.34 -.01 6708-52 3.60 .37 -.54
.36 -.08 6708-53B 3.24 .53 -.09
.34 .02 6708-54A 3.59 .31 -.21
.36 -.04 6708-54B 3S9 .29 -.17
.30 -.10 6708-54C 3.61 .32 -.36
.32 -.11 6708-56 3.47 .38 -.30
.31 -.12
.31 -.13 6708-C-25 2.87 .33 .03
.34 -.11 6708-C-27 2.54 .71 -.33
.30 -.13 6708-C-28 2.66 .64 -.25
.31 -.11 6708-C-29 3.56 .30 -.15

33 -.07 6708-C- 30 3.24 .43 .04
-.03 6708-C-32 2.94 .30 -.13.33

Appendix III. Continued

OSU Sample
Number Mb

6708-35A
6708- 35B
6708- 3 SC
6708- 35D
6708- 35E
6708- 35F
6708- 43A
670 8-43B
6708- 43C
6708-43D
6708-44A
6708-44B
6708-44C
6708- 44D
670 8-44E
6708-45A
6708 -45B
6708- 45C
6708 -45D
6708-45E
6708- 46A
6708- 46B
6708 -4 6C
6708 -47A
6708-47B

3.23
3. 31
3. 33
3.23
3.26
3.20
3.09
3.08
3.15
3. 12
3.22
3.20
3.22
3.16
3.15
3.46
3.48
3.48
3.47
3.47
3.42
3. 52
3.43
3.43
3.41

o wj
OSU Sample

Number Md? o- ad?

37 .07 6708-47C 3.43 . 32 -.07
.39 -.04 6708-47D 3.38 .32 -.04
.36 .02 6708-48A 3.47 .34 -.14
.38 .05 6708-48B 3.49 .32 -.14
.33 .12 6708-48C 3.49 3
.35 .05 6708-48D 3.46 . 30 -.02
.39 -.22 6708-49A 3.54 .28 -.11
.31 -.05 6708-49B 3.52 .26 -.09
.31 -.01 6708-50A 2.97 .39 .10
.33 .07 6708-50B 2.99 .38 .11
.33 .05 6708-50C 2.87 .36 .05
.34 -.04 6708-SOD 2.95 .38 .13
.34 -.01 6708-52 3.60 .37 -.54
.36 -.08 6708-53B 3.24 .53 -.09
.34 .02 67O8-54A 3.59 .31 -.21
.36 -.04 6708-54B 359 .29 -.17
.30 -.10 6708-54C 3.61 .32 -.36
.32 -.11 6708-56 3.47 .38 -.30
.31 -.12
.31 -.13 6708-C-25 2.87 .33 .03
.34 -.11 6708-C-27 2.54 .71 -.33
.30 -.13 6708-C-28 2.66 .64 -.25
.31 -.11 6708-C-29 3.56 .30 -.15
.33 -.07 6708-C-30 3.24 .43 .04
.33 -.03 6708-C-32 2.94 .30 -.13



Appendix III. Continued

OSU Sample OSU Sample
Number M cr a4 Number M

6708-C-59 2.92 .26 -.19 *6804_RR9 1.74 .49 -.26
6708-C-60 2.87 .26 -.11 *6804_RR1O .81 .71 .23
6708-C-61 2.79 .26 -.07 *6804-RR11 1. 58 . 51 -.36
6708-C-71 2.85 .32 .14 *6804_RR12 1.99 .27 -.03

*6804_RR13 .10 1. 39 -.32
*6804-RR]. 1.11 . 62 -.19 *6804_RR14 1. 54 . 51 -.35
*6804_RR2 1.46 .40 -.29 *6804...RR15 1.81 .40 -.23
*6804-RR3 1.47 55 -. 38 *6804-RR]. 6 1.92 .48 -.08
*6804-RR4 1.37 .54 -.20 *6804_RR17 211 .29 -.06
*6804_RR5 2.02 .41 -.13 *6804_RR18 1.99 .29 -.12
*6804-RR6 1.74 .38 -.14 *6804_RR19 .75 l05 -.47
*6804_RR7 1.09 .84 -.33 *6804_RR2O 1.11 .61 -.29
*6804-RR8 1.64 .47 -.30 *6804_RR2]. 1.38 .58 -.38

'a-

'Beach sample

Appendix III. Continued

OSU Sample OSU Sample
Number M Number M u4i

6708-C-59 2.92 .26 -.19 *6804_RR9 1.74 .49 -.26
6708-C-60 2.87 .26 -.11 *6804_RR1O .81 .71 .23
6708-C-61 2.79 .26 -.07 *6804-RR11 1. 58 . 51 -. 36
6708-C-71 2.85 . 32 .14 *6804_RR1Z 1.99 .27 -.03

*6804_RR13 .10 1.39 -.32
*6804_RR]. 1.11 . 62 -.19 *6804_RR14 1.54 . 51 -.35
*6804_RRZ 1.46 40 -. 29 *6804_RR]. 5 1.81 . 40 -.23
*6804_RR3 1.47 .55 -.38 *6804-RR16 1.92 .48 -.08
*6804-RR4 1. 37 . 54 -.20 *6804_RR17 2.11 .29 -.06
*6804_RR5 2.02 .41 -.13 *6804_RR18 1.99 .29 -.12
*6804_RR6 1.74 .38 -.14 *6804_RR].9 .75 1.05 -.47
*6804_RR7 1.09 .84 -. 33 *6804_RRZO 1. 11 . 61 -.29
*6804-RR8 1.64 .47 -.30 *6804_RR21 1.38 .58 -.38

*Beach sample



APPENDIX IV

HEAVY MINERAL PERCENTAGES OF THE SAND FRACTION AND PERCENT OPAQUE
MINERALS OF HEAVY MINERAL FRACTION

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6505-112 10.8
6505-117 4.0
6505-118 6,9
6505-119 8.5
6505-125 8.7
6505-130 11.2 8.5
6505-131 9.3 7.1
6505-134 14.2 28.2
6505-135 10.4 11.5
6505-137 7.4 16.7
6505-139 8.4 3.8
6505-140 8.1
6505-142 8.7 13.1
6505-148 8.7 9.5
6505-149 22.1
6505-150 10.0 42.5
6505-152 16.8
6505-153 10.0 9.5
6505-155 9.2 28.9
6505-168 6.4 13.4
6505-170 4. 6 16.7
6505-172 32.7 55.2

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6707-5 189
6707-7 22. 6
6707-8 12.1
6707-11 7.2
6707-12 13.4
6707-13 25.2
6707-14 13.1
6707-15 11.4
6707-16 6.7
6707-17 7.9
6707-18 17.1
6707-19 6.8
6707-20 5.2

6708-lA 10.5 7.4
6708-lB 7.8 17.1
6708-1C 6.6 17.8
6708-2A 15.2 26.1
6708-2B 11,1 19.2
6708-2C 11.8 20.6
6708-3A 10.1 14.8
6708-3B 12.6 16.1

APPENDIX IV

HEAVY MINERAL PERCENTAGES OF THE SAND FRACTION AND PERCENT OPAQUE
MINERALS OF HEAVY MINERAL FRACTION

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6505-112 10.8
6505-117 4.0
6505-118 6,9
6505-119 8.5
6505-125 8.7
6505-130 11.2 8.5
6505-131 9.3 7.1
6505-134 14.2 28.2
6505-135 10.4 11.5
6505-137 7.4 16.7
6505-139 8.4 3.8
6505-140 8.1
6505-142 8.7 13.1
6505-148 8.7 9.5
6505-149 22.1
6505-150 20.0 42.5
6505-152 16.8
6505-153 10.0 9. 5
6505-155 9.2 28.9
6505-168 6.4 13.4
6505-170 4.6 16.7
6505-172 32.7 55.2

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6707-5 18.9
6707-7 22. 6
6707-8 12.1
6707-11 7.2
6707-12 13.4
6707-13 25.2
6707-14 13.1
6707-15 11.4
6707-16 6.7
6707-17 7.9
6707-18 17.1
6707-19 6.8
6707-20 5.2

6708-lA 10.5 7.4
6708-lB 7.8 17.1
6708-iC 6.6 17.8
6708-2A 15.2 26.1
6708-2B 11.1 19.2
6708-2C 11.8 20.6
6708-3A 10.1 14.8
6708-3B 12.6 16.1



Appendix IV. Continued

OSU Sample Percent Heavy Percent Opaque OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals Number Minerals Minerals

6708-3C 11.2 24.3 6708-23D 5.4 13.4
6708-4 9.9 --- 6708-23E 4.2 9.9
6708-5 17.6 --- 6708-23F 3,0 7.1
6708-8 20.9 --- 6708-23G 5.9 14.2
6708-9 15.4 --- 6708-23H 5.6 13.9
6708-10 20.6 --- 6708-231 1.2 15.0
6708-11 19.4 --- 6708-23J 1.1 13.2
6708-13 18.4 --- 67o8-24A 8.3 19.7
6708-14 12.1 --- 6708-24B 8. 5 10.0
6708-ISA 12.1 23.0 6708-24C 7.4 12.8
6708-15B 18.9 36.4 6708-30A 25.4 26.0
6708-15C 17.0 45.6 6708-30B 20.4 28.8
6708-15D 17.1 21.4 6708-31A 21.7 14.5
6708-16A 20.7 20.2 6708-31B 11.2 11.3
6708-16B 17.5 22.5 6708-32 18.8
6708-.16C 13.5 17.0 6708-33A 9.1 6.3
6708-17A 22.4 21.4 6708-33B 12.7 9.7
6708-17B 24.0 35.0 6708-33C 13.0 12.6
6708-17C 25.5 44.3 6708-33D 12.2 13.6
6708-17D 22.5 38.1 6708-34A 6.2 13.6
6708-19A 18.6 38.7 6708-34B 3,9 15.3
6708-19B 18.6 22.8 6708-34C 5.5 19.7
6708-23A 8.6 16.1 6708-34D 5.8 13.1
6708-23B 7.5 18.9 6708-34E 7. 6 17.6
6708-23C 6.7 9.8 6708-.35A 7.6 5.5 Q

Q

Appendix IV. Continued

OSU Sample Percent Heavy Percent Opaque OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals Number Minerals Minerals

6708-3C 11.2 24.3 6708-23D 5.4 13.4
6708-4 9.9 --- 6708-23E 4.2 9,9
6708-5 17.6 --- 6708-23F 3,0 7.1
6708-8 20.9 --- 6708-23G 5.9 14.2
6708-9 15.4 --- 6708-23H 5. 6 13. 9
6708-10 20.6 --- 6708-231 1.2 15.0
6708-11 19.4 --- 6708-23J 1.1 13.2
6708-13 18.4 --- 6708-24A 8.3 19.7
6708-14 12.1 --- 6708-24B 8. 5 10.0
6708-15A 12.1 23.0 6708-24C 7.4 12.8
6708-15B 18.9 36.4 6708-30A 25.4 26.0
6708-15C 17.0 45.6 6708-30B 20.4 28.8
6708-15D 17.1 21.4 6708-31A 21.7 14.5
6708-16A 20.7 20.2 6708-31B 11.2 11.3
6708-16B 17.5 22.5 6708-32 18.8
6708-16C 13.5 17.0 6708-33A 9.1 6.3
6708-17A 22.4 21.4 6708-33B 12.7 9.7
6708-17B 24.0 35.0 6708-33C 13.0 12.6
6708-17C 25.5 44.3 6708-33D 12.2 13.6
6708-17D 22.5 38.1 6708-34A 6.2 13. 6
6708-19A 18.6 38.7 6708-34B 3.9 15.3
6708-19B 18.6 22.8 6708-34C 5.5 19.7
6708-23A 8.6 16.1 6708-34D 5.8 13.1
6708-23B 7. 5 18.9 6708-34E 7. 6 17. 6
6708-23C 6.7 9.8 6708-35A 7. 6 5. 5 Q

0



Appendix IV. Continued

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6708-35B 7.1 22,7
6708-35C 7.2 12,8
6708-35D 8.3 9.1
6708-35E 7.6 18.4
6708-35F 8.1 10.1
6708-43A 43. 4 59. 2
6708-43B 56.5 32.0
6708-43C 43.8 30.6
6708-43D 40.2 26.5
6708-44A 9.7 12.9
6708-44B 9.6 15.0
6708-44C 11.7 16.6
6708-44D 14.2 16.1
6708-44E 33.5 21.2
6708-45A 7.1 7.4
6708-45B 7.7 12.9
6708-45C 7.8 7. 1
6708-45D 6.6 19.0
6708-45E 6.7 8.4
6708-46A 6.8 3.2
6708-46B 6.1 9.0
6708-46C 5.4 8.8
6708-.47A 7.1 17.7
6708-47B 7.0 19.0
6708-47C 8.9 12.5

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6708-47D 5.7 17.1
6708-48A 6.4 9.9
6708-48B 7.6 10.7
6708-48C 7.1 7.7
6708-48D 7.3 21.0
6708-49A 7.2 16.9
6708-49B 7.2 31.9
6708-50A 1.6
6708-SOB 1.7
6708-SOC 1. 5
6708-SOD 1. 5
6708-52 3.7
6708-53B 6.8
6708-54A 5.0 11.4
6708-54B 5.9 13.2
6708-54C 4.5 7.5
6708-56 7.9

6708-C-25 16.3
6708-C-27 4. 6
6708-C-28 6.2
6708-C-29 6.9
6708-C-30 10. 1
6708-C-59 13.2
6708-C-60 12.0 0

Appendix IV. Continued

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6708-35B 7.1 22.7
6708-35C 7.2 12.8
67'08-35D 8.3 9.1
6708-35E 7.6 18.4
6708-35F 8.1 10.1
6708-43A 43.4 59.2
6708-43B 56.5 32.0
6708-43C 43. 8 30. 6
6708-43D 40.2 26.5
6708-44A 9.7 12.9
6708-44B 9.6 15.0
6708-44C 11.7 16.6
6708-44D 14.2 16.1
6708-44E 33.5 21.2
6708-45A 7.1 7.4
6708-45B 7.7 12.9
6708-45C 7.8 7.1
6708-45D 6.6 19.0
6708-45E 6.7 8.4
6708-46A 6.8 3.2
6708-46B 6.1 9.0
6708-46C 5.4 8.8
6708-47A 7.1 17.7
6708-47B 7.0 19.0
6708-47C 8.9 12.5

OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals

6708-47D 5.7 17.1
6708-48A 6.4 9.9
6708-48B 7.6 10.7
6708-48C 7.1 7.7
6708-48D 7.3 21.0
6708-49A 7. 2 16. 9
6708-49B 7.2 31.9
6708-SOA 1.6
6708-SOB 1.7
6708-SOC 1.5
6708-SOD 1.5
6708-52 3.7
6708-53B 6.8
6708-54A 5.0 11.4
6708-54B 5.9 13.2
6708-54C 4.5 7.5
6708-56 7.9

6708-C-25 16.3
6708-C-27 4. 6
6708-C-28 6.2
6708-C-29 6.9
6708-C-30 10.1
67O8-C-59 13.2
67O8-C-60 12.0 0

I-.



Appendix IV. Continued

OSU Sample Percent Heavy Percent Opaque OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals Number Minerals Minerals

6708-C-61 9.6 --- *O4_RR1O 7.8
6708-C-71 5.7 *6804_RR11 20.2

*6804_RR12 19.2
*6804RR1 9.1 *Q4_RR13 16.9
*6804_RR2 17. 5 *6804_RR14 25.9
*6804_RR3 6.8 --- *6804-RR15 22.9
*6804...RR4 14.7 --- *6804_RR16 7.,1
*6804...RR5 39.7 --- *O4_RRl7 36.7
*6804_RR6 35.4 --- *O4_RRl8 67.1
*6804_RR7 17.8 *O4_RR19 7.7
*6804..RR8 42. 5 -- - *Q4_RR2O 3. 5 - --
*6804_RR9 30.4 --- *6804_RR21 3.3

Beach sample

0
N)

Appendix IV. Continued

OSU Sample Percent Heavy Percent Opaque OSU Sample Percent Heavy Percent Opaque
Number Minerals Minerals Number Minerals Minerals

6708-C-61 9.6 --- *O4_RRlQ 7,8
6708-C-71 5.7 --- *O4_RR11 20.2

*6804_RR1Z 19.2
*6804...RR1 9. 1 --- *6804_RRI 3 16. 9 - - -

*6804...RRZ 17. 5 --- *6804_RR14 25. 9
*6804_RR3 6.8 --- *Q4_RR15 22.9
*6804...RR4 14.7 --- *6804_RR16 7.1
*6804..RR5 39.7 --- *O4_RRl7 36.7
*6804_RR6 35. 4 --- *O4.RR18 67. 1 - - -

*6804_RR7 17.8 *O4_RRl9 7.7
*6804_RR8 42. 5 -- - *Q4_RR2O 3. 5 - --
*6804_RR9 30.4 --- *O4_RR21 3.3

Beach sample

0
N)



APPENDIX V

PERCENTAGES OF HEAVY MINERAL SPECIES IN SELECTED SAMPLES

GreenHornblrrrde 11.8 8.0 6.9 8.3 9.0 4.7 12.3 8.6 7.1 6.3 4.0 4.4 6.3 4.8 11.7 8.7 7.8 14.4 8.0 9.2 4.6 6.3 12.7 8.6 8.5 6.6
Brawn llornblenrle 5.4 2.8 6.9 6.4 6.0 6.2 4.1 4.8 6.69.8 1.8 1.3 3.4 1.4 3.3 5.0 4.2 5.5 2.7 3.4 4.6 2.3 2.9 2.2 3.3 3.7
Blae-greerrHornblende 13.3 7.5 6.4 2.5 4.0 10.7 5.1 2.4 9.8 3.9 2.2 4.9 6.7 4.3 1.9 4.1 4.2 6.0 4.4 5.4 3.7 2.3 4.4 6.5 3.3 5.2
Basaltic Hornblende -- .9 1.0 .5 .5 .5 -- .5 1.8 .5 .5 -- .5 .4 -------------------- .5
Actiaalitc-Trrmolire 12.3 16.4 8.4 5.4 6.0 8.5 13.4 11.5 13.3 11.3 16.1 5.4 2.5 12.1 15.9 11.0 11.1 10.5 17.3 14.7 9.8 18.3 12.2 9.7 6.6 16.1
Diopsde-Arsgite 11.8 7.5 3.0 4.4 7.5 9.0 8.8 11.5 10.9 5.8 9.9 5.4 6.3 10.6 7.9 7.7 8.8 9.5 8.4 8.8 9.2 10.7 4.9 8.1 11.8 9.5
Hypersthcne 6.9 .9 6.9 12.7 8.3 6.2 2.3 4.3 5.2 3.9 5.8 6.3 8.7 3.9 4.2 2.8 2.9 3.0 9.1 S.9 7.4 8.0 5.3 8.1 8.0 4.3
Enstat,te 1.0 .9 .5 1.5 1.0 1.4 .5 .5 .5 1.8 1.5 1.3 1.0 1.4 1.3 .9 2.3 .4 2.0 1.9.. 5 .5 .5 .5 1.4
Epidote 1.5 2.8 3.1 3.4 2.0 2.8 3.7 3.8 2.4 2.5 2.7 5.4 2.9 4.3 2.8 3.2 1.9 2.0 .9 3.4 2.8 1.4 2.4 3.2 3.8 1.9
Zoiorr-Clinozorsite .5 2.8 2.0 3.4 1.3 1.4 2.3 1.9 2.4 3.4 2.2 1.0 1.4 .5 3.3 3.2 1.9 1.5 1.8 3.9 1.4 2.3 1.5 1.1 2.4 2.4
OHvrrre 4.4 2.8 1.5 2.0 2.0 2.8 2.8 1.0 1.4 2.3 4.0 2.0 1.4 3.0 .5 1.4 3.2 2.5 4.0 .5 5.5 5.6 3.9 ---- 7.1 1.9
Andalusire 2.0 .9 1.0 ---- .5 --- 1.4 -------- 1.3 1.8 ---- .5 -------- 1.0 ---- .5 1.8 1.5 1.4 1.0 .5 .5 1.4
Sillimanire .5 ------------------------ .5 -------- .4 ---------------- .5 .5 .5 .4 .5 ---- .5 -------- .5
Kyanite 2.0 1.5 1.0 1.4 1.4 2.4 -------- .4 .5 .5 .5 .9 1.4 1.4 1.0 1.3 1.5 .5 .5 2.0 1.6 1.4
Garner 1.3 .9 .5 .5 .5 1.0 .5 .5 ------------ 1.3 1.0 1.0 1.4 1.8 ---- .3 ---- .5 .3 1.0 1.1 1.4
Zircon .5 .5 .5 .5 .5 .9 .5 ------------------------ .5 .5 1.0 1.4 .9 1.0 .5 .9 .5

Apatite-------------------------------------------------------- .3 -------- .5 ------------------------ .5
Glass 7) ---- .5 1.0 1.0 1.5 1.8 1.0 1.4 4.9 ------------ .5 .9 .5 .4 ------------------------ 1.9

Glancophane---------------- .5 -------- .5 -------- .9 ------------ .5 ---------------- 1.0 -------- .s

Anrhophyllite ---------------- .5 ------------ .9 ---------------- .5 1.4 -------- 1.0 .5 .5 .5 ------------ .5MonastIc---- .5 1.0 .5 .5 .3 -------- .5 ---------------------------------------------------- .sTopaz------------------------------------ 1.5

Opaqsses 7.4 17.8 26.1 20.6 23.0 21.4 16.1 13.4 14.2 13.2 19.7 26.0 28.8 9.7 13.6 19.7 17.6 5.5 12.8 10.1 12.9 15.0 16.6 16.1 21.2 11.4
WnathnredGraius 16.7 19.2 16.3 20.1 20.0 16.1 17.1 23.9 19.4 17.2 16.6 30.4 22.9 36.7 20.1 20.6 23.0 24.8 27.0 20.1 24.2 16.9 24.4 22.5 12.7 28.0
RochPragorents 2.5 3.8 4.4 3.4 4.5 2.8 4.6 5.3 6.6 10.3 5.4 3.9 4.3 4.3 6.1 3.7 5.6 3.5 1.8 6.4 5.5 5.2 2.4 7.5 3.3 3.3
Other 3.5 - 1.0 1.3 1.0 3.3 1.4 2.4 1.9 2.0 1.8 2.5 1.2 1.0 1.9 2.3 2.3 .3 2.2 2.5 .9 .5 1.0 2.1 .9 1.0

I-u
Q
1J)

APPENDIX V

PERCENTAGES OF HEAVY MINERAL SPECIES IN SELECTED SAMPLES

0 0 '0 0 0 '0 0 0000 0000 '0 '0 50 '0 '0 0 50

GreenHorobirode 11.8 8.0 6.9 8.3 9.0 4.7 12.0 8.6 7.1 6.3 4.0 4.4 6.3 4.8 11.7 8.7 7.8 14.4 8.0 9.2 4.6 6.5 12.7 8.6 8.5 6.6
Brwn11orcb1ens1e 5.4 2.8 6.9 6.4 6.0 6.2 4.1 4.8 6.69.8 1.8 1.5 3.4 1.4 3.3 5.0 4.2 5.5 2.7 5.4 4.6 2.5 2.9 2.2 3.5 3.7
BlsrogreenHornblende 13.3 7.5 6.4 2.5 4.0 10.7 5.1 2.4 9.8 3.9 2.2 4.9 6.7 4.3 1.9 4.1 4.2 6.0 4.4 5.4 3.7 2.3 4.4 6.5 3.3 5.2
Basaltic Hornblende ---- .9 1.0 .5 .5 .5 .5 ---- 1.8 -- .5 -------- .5 .5 .4 -------------------- .5
Actistolito-Tremolire 12.3 16.4 8.4 5.4 6.0 8.5 13.4 11.5 13.3 11.3 16.1 5.4 2.5 12.1 15.9 11.0 11.1 10.5 17.3 14.7 9.8 18.3 12.2 9.7 6.6 16.1
Diopssde-Assgite 11.8 7.5 3.0 4.4 7.5 9.0 8.8 11.5 10.9 5.8 9.9 5.4 6.3 10.6 7.9 7.7 8.8 9.5 8.4 8.8 9.2 10.7 4.9 8.1 11.8 9.5
Hypersthooe 6.9 .9 6.9 12.7 8.3 6.2 2.3 4.3 5.2 3.9 5.8 6.3 8.7 3.9 4.2 2.8 2.3 5.0 3.1 5.9 7.4 8.0 5.3 8.1 8.0 4.3
Etotstn 1.0 .9 .5 1.5 1.0 1.4 .5 .S .5 1.8 1.5 HO 1.0 1.4 1.5 .9 2.5 .4 2.0 1.9.. 5 .5 .5 .5 1.4
Epidote 1.5 2.8 3,5 3.4 2.0 2.8 3.7 3.8 2.4 2.5 2.7 5.4 2.9 4.3 2.8 3.2 1.9 2.0 .9 3.4 2.8 1.4 2.4 3.2 3.8 1.9
Zoisrrlinororsitc .5 2.8 2.0 0.4 1.3 5.4 2.5 1.9 2.4 5.4 2.2 1.0 2.4 .5 3.3 3.2 1.9 1.5 1.8 5.9 1.4 2.3 1.5 1.1 2.4 2.4
Olsvtne 4.4 2.8 1.5 2.0 2.0 2.8 2.8 1.0 1.4 2.5 4.0 2.0 1.4 3.0 .5 1.4 3.2 2.5 4.0 .5 5.5 5.6 3.9 ---- 7.1 1.9
Andalusite 2.5 .9 1.0 ---- .5 ---- 1.4 -------- 1.5 1.8 - .5 -------- 1.0 ---- .5 1.8 1.5 ---- 1.4 1.0 .5 .5 1.4
Sillimanire .5 ------------------------ .5 .4 ---------------- .5 .5 .5 .4 .5 .5 -------- .5
Kyacite 2.0 1.5 1.0 1.4 1.4 2.4 -------- .4 .5 .5 .S .9 1.4 1.4 1.0 1.3 1.5 .5 .5 2.0 1.6 1.4
Garner 1.5 .9 .5 .5 .5 1.0 .5 .5 ------------ 1.5 1.0 1.0 1.4 1.8 ---- .5 ---- .5 .5 ---- 1.0 1.1 1.4
Zircon .5 .5 .5 .5 .5 .9 .5 ------------------------ .5 .5 1.0 1.4 .9 1.0 .5 .9 .5
Apatite-------------------------------------------------------- .5 -------- .5 ------------------------ .5
Glass(S) ---- .5 5.0 1.0 1.5 ---- 1.8 1.0 1.4 4.9 ------------ .5 .9 ---- .5 .4 ------------------------ 1.9
Glancopbane---------------- .5 -------- .5 -------- .9 ------------ .5 ---------------- 1.0 -------- .5
Anshophyllite ---------------- .5 ------------ .9 ---------------- .5 1.4 -------- 1.0 ---- .5 .5 .5 ------------ .5
Morsazrte -' .5 1.0 .5 .5 .5 -------- .5 ---------------------------------------------------- .5Topaz------------------------------------ 1.5 -------------------------------------------------------- .9
Opaqsses 7.4 17.8 26.1 20.6 23.0 21.4 16.1 13.4 14.2 13.2 19.7 26.0 28.8 9.7 13.6 19.7 17.6 5.5 12.8 10.1 12.9 18.0 16.6 16.1 21.2 11.4
WeathrredGraisrs 16.7 19.2 16.3 20.1 20.0 16.1 17.1 23.9 19.4 17.2 16.6 35.4 22.9 36.7 20.1 20.6 25.0 24.8 27.0 20.1 24.2 16.9 24.4 22.5 12.7 28.0
RoclrFragorents 2.5 3.8 4.4 3.4 4.5 2.8 4.6 5.3 6.6 10.3 5.4 3.9 4.3 4.3 6.1 3.7 5.6 3.5 1.8 6.4 5.5 5.2 2.4 7.5 3.3 3.3
Other 3.5 ---- 1.0 1.5 1.0 3.3 1.4 2.4 1.9 2.0 1.8 2.5 1.2 1.0 1.9 2.3 2.3 .5 2.2 2.5 .9 .5 1.0 2.1 .9 1.0

I-.
C




