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HIERARCHICAL ANALYSIS OF VARIANCE OF SHELF-SEDI-
MENT TEXTURE

Several geologic inferences are made from studies of
the geographic distributions of sediment-texture vari-
ables. Evaluation of such distributions requires that in-
formation on the total within-station variability Dbe
available.

To cbtain information on the relative magnitudes of
the within-station and among-station variabilities, an
extensive sampling program was undertaken on the
continental shelf of Washington. Sampling was done in
a stratified-multistage scheme on traverses placed by a
systematic random system along the coast; 450 stations
were occupied. Duplicate samples were taken at each
station and duplicate analyses were made on each sam-
ple. Compete analyses are available for 130 stations.
This sampling design leads directly to a three-level, hi-
erarchical analysis of variance. In this analysis, the -
ratios of the mean square among stations to that
within stations are measures of the reliability of distri-
butions. Nine textural variables were measured in ecach
of the analyses. Values of the ratios differed greatly
among the variables. Table I indicates the F-ratios for
the nine variables analyzed. Each ratio is based on 129
and 130 degrees of freedom.

Table L. F-Ratios for Nine Values Analyzed

Variable Fro i
Percent sand 27.65
Percent silt 22.54

Percent clay 1.71

Sand/mud ratio 15.54
Median phi size 17.74
Mean phi size 7.86
Sorting 5.58
Skewness 9.93
Kurtosis 4.70
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HeAVY MINERALS ON CONTINENTAL SHELF OF NORTH-
ERN BERING SEA

Much of the Chirikov basin floor, which is carpeted
with relict sand, has more heavy minerals than Norton
Sound where modern fine-grained sediments dominate.
In addition, the western section of the Chirikov basin
is broadly divisible into two areas with relatively high
concentrations of heavy minerals, separated by an area
of low heavy-mineral content that trends approxi-
mately northwest-southeast. The northern areas seems
to be richer in garnet (especially the pink type), epi-
dote, and chloritoid. Staurolite, though present in
small amounts, is consistently present in higher pro-
portions in these sediments than in the sediments
of the southern area. The northern sediments prob-
ably were derived either directly or indirectly from
the metamorphic and other rocks of Seward Penin-
sula, whereas the provenance for the southern sedi-
ments is in the rocks of St. Lawrence Island. Com-
pared with Chirikov basin, the heavy minerals of many
of the deeper areas of Norton Sound consist of moie
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ortho- and clinopyroxene and lesser amounts of garnet,
and are relatively more rounded and suggest a Yukon
River scurce. The Yukon River sediment apparently
has encroached on areas of the extreme eastern section
of the Chirikov basin. The heavy minerals of the sedi-
ments of shallower and nearshore areas of Norton
Sound differ from those of the deeper areas and indi-
cate derivation from nearby land sources.
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PrOCESSES AFFECTING DISTRIBUTION AND DISPERSAL OF
SuseeNprd Marirk IN Cotumnia RiVER FEFFLUENT
SysiEm
The sources of the suspended particulate matter de-

rived from the summer mixing of Columbia River and

ocean waters are river-borne particles, phytoplankton
growing in the ocean near the river, and resuspended
particles. The Columbia River contributes most of the
particulate (> 0.454: matter (8 to 40 mg/1) which
consists of lithogenous particles (8595 percent) and
biogenous particles—primarily freshwater phytoplank-
ton with lesser amounts of detritus. Biogenous matter,
primarily phytoplankton and detritus (< 3 mg 1),
constitutes the bulk of the particles found in the
ocean. Resuspended particles, mainly lithogenous, are
contributed locally into the water column near the
river mouth by strong tidal and hydraulic currents.
Positive vertical gradients in particle concentrations

are maintained in the low-salinity surface layers near
the river mouth by vertical water movements (2> 1
m/dav) and by the relatively greater turbulence of
the low-salinity surface layers. The upward component
of the water movements is sufficient to retain litho-
genous matter (< 4x) und most biogenous matter in
the surface layers while transported seaward (10° to
10t m/day). Concentrations and modal particle di-
ameters (10 to 30;) of rver-borne lithogenous par-
ticles, which differ with the rate of river discharge, de-
crease seaward by progressive mixing with ocean
waters with less suspended matter (<2 I mg/1) and by
settling of the 17> 4;1) suspended load.
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SAND TRANSPORI IN REGION OF SHOALING WAVES

The transportation of sediment by passing waves in
the offshore zone has been investigated using ScuBa
equipment in the sea olf southern California. It has
been found that the total grain-size population exposed
on a sandy bottom, and not selective size grades, is
moved by wave-generated oscillatory currents. Thresh-
old velocities for the transport of sand by individual
surges are largely a function of ripple mark relief. The
relation between the quantity of sediment placed in
motion and surge energy is arithmetic. Even under tur-
bulent conditions almost all sand transportation is
within a few inches of the seu floor. The concentration
of sand decreases logarithmically above the bottom.
The suspension of sandy sediment depends on current
strength and ripple-mark  dimensions.  Although  the
sediments may be moved preferentially in certain di-
rections, ripple marks are stationary and do not mi-
grate along the sea floor.

The oscillating currents caused by a wave regime are
not regular but have a spectrum of velocities. Where
the scaward pulses are longer in duration, the highest
velocities mav be associated with either onshore or



