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LOCAL VARIABILITY IN MARINE SEDIMENTS

ABSTRACT

This investigation was undertaken in order to dstermine
the variability in particle size dietri’:mtipn over small horizontal
distances in a section across central Puget Sound. Sampling was
accomplished by means of a device which simultaneously obtained three
gores, spaced in a triangular patiern, one foot apart.

The degree of variability found indicates that defining
of sediments in this, or similar regions, by use of isolines based
on statistical parameters from individual cores may be misleading.
Apparently, the local variability decreases with increasing depth on
the slopes and is at a2 minimum on the nearly flat bottom betwee;m the
slopes. The greatest disorepancies between the closely spaced cores
occur in samples with median diameters in the smaller sand sizes.
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LOCAL VARIABILITY IN MARGIE SEDIMENTS

INTRCIUCTION

The sampling probiem invelved in obtaining any natuvral sample
is cften exceedingly complex and has received much consideration in the
literature. In the orocess of obtaining zny one sediment sample by mesns
of a coring tube or other sawpling device. only an exceedingly minute

portion of the sea bottom is ssmpled. In a strict sense any single

sample 1s merely representative of the sxact spot sampled. Unless the

process of sampling contimies systematically in this and adjzcent areas;

radis]. extrapolation from the sample 1s subject to great error, with
any single sanpie boing representative of only itself. The introduction

of this limitetion on problens of sedimentation or sedimentary environs

mental studies, whether vhey be physical, chemical, or bilological, pre-

sents a serious handicap. In order %o proceed with any sedimentary

research it is necessary te know the limitations of the samples obtained

and to understand; at least to some degree, the existing local variations

and the probabilities for such veriations.

The purpose of thisc paper is to briefly present some of the
initial results conceraing a problem of sampling.marine sediments in the
region of Puget Soumnnd, in the State of Washingtou. The information to
date consists of the daba from a particle size anaiysis of the bobtom
sediments obtained along an cast-west traverse of Pugel Sound, about

12 miles north of the cibty of Seattle.
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partially dromed by the sea. It is one of the deepest sali water
basins in the United States. The mid-channel botbtom area exceeds 900
feet in depth in some locaiivies. Depths of 600 or more feet below
gea level are vsually encowntered in the channel rortions of the Sound.
Except for logcel areas, the shore slopes and underwaber slopes are
steep; inclines of 25 degrees are cCommon.
The ,topdgraphy of the Puget Somcl area is doe primsrily to
glacial action by a obe of the Cordillerian ice sheet. The shore line
s bordered by deposits of clay, sand, gravel and till, reminiscent of
the glacial conbrol. These glacir-derived sediments often form shore
line cliffs 200 or more feeb high.
Glecial till is a prominent source of sediments in Puget
Sound and may become a part of the marine sedwment in various ways.
(1) The slopes may be. in part comnosed of glacial deposits in sibtu.
(2) The erosion of cliffs and boa hos will also be a supply of glacial
sediments. (3) The streams are imposed on glacidl 3ill and will trans-
port this material o the mavine environment. (L) Slumping of the cliffs,
which.are composed of glacial de!)osits, will add to the marine sediments.
Chemically and mechsnically 1=rea.'bheréd naterial fro'n the base~
ment zh'gcks of the Cascade and Olympic Hountains contributes to the sedi~
ments as they are ca:cg"ied to the Sound by the numerous streams and rivers.
Voleanics, from direct dust-falls end from inland erosion s Drobably

account for some sediment supply in the Sound,

-
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(Figure 11T gives the location of these samples.! The sampling of
approvivately 18 to 20 lecations in the wid-channel and on the near

ghore slopes is plarnea Jor thel near future.

The wartical sechioning of the corer in the manner just des-
crived yleldad weil over <00 irdivilual samples. Bach sample was anae
lyzed for varbicle size by sbancard metheds, The material rosrser than
1/16 mm, in dismeter was sieved mechanieally, serarabing it into standard
fractions, The materisl “inmev than 1/16 mm., previously separated from
the sample by wet sisving throngh 3 1/1€ am. sieve, was submitted to a
oinette analysis Yor size determination. This latter methol is based
upon Stokes Lawy that is uporn the settling velocities of spheres of a
given radius sascvendsd in & fluid of owown viscosity.

Since this study dzals with the variation in the vesulbts obtained
in the size analysis of adjacent core sswmples It is essential to know the
analysis error. The standard sethod briefly described above satisfies
this condition in allewing an imparbial daplicate analysis of the same
sample te ce run under essentially sbandard lzboratory conditions. When
the reproducibiliity of the results are known, it is possible to differ=.
entiate beiween inconsistencies due to analysis and the actual variation
beiween samples,

mplicate analysis of 20 samnles indicaved that the analysis
erroi’ was very small, with an average reprcdncidbility for any one size
determination of £ 0.2 percent. There wss very little divergence from
this averase, with only about 20 percent exceeding the average by a
factor of 2. The orobabilities are thus in favor of actual sample varis-
tion accountin,; for psrcentage differences betwaen adjacent samples which

exceed ¥ O.h percent.

wlpes



INITTAL EESULTS

In order {5 present a summation of the results obtained, the
cast-uest traverse of the Sound has been divided into three general
areas, The eastern and western slope area from sea level dowmn to about
500 feel below sea lavel represents one division, The lower portion
of both slopes, from about 500 feet below sea level to the base of the
slopes and adjacent channel areas, represents the second division. The
last division is the mid-channel region.

Table I prasents some of the differences in grade size percen-
tages between the samples from the three cores obtained simultaneously
at one location. The percent differences shown are thus indicative of
variations in particle size distribution from samples only 1 foot apart.

Very often the data from sediment size analysis are reported
in terms of major fractions; such as sand-silt-clay ratios. Coarse,
medium and fine classifications are often used where coarse material in-
cludes coarse sanés and larger, medium materisl represents a composite
of medium and fine sands and the fine matter is a summation of the amounts
of 8ilt and clay. Using such a coarse-medium-fine differentiation for
the sediments in this study, the varlations in frequency percent between
categories of any two adjacent samples is markedly increased. The
slope area presents a maximum variztion of 33 percent for both the medium
and fine fractions. The base of the slopes show a maximum variation be-
tween adjacent samples of 18 percent for the medium and fine fractiom.
The maximuna variation for the mid-channel is 10 percent in the medium
and fine ranges. Thec average variation between the same categories of

adjacent samples, using this type of classification, is also significantly

-5



TABLE I

Differences in Grade 3ize Percentages

‘ Slope Fasz of Slops Mid-channel
Sige ¥ax. Min. Aver. Max. Min. Aver, Max. Min., Aver.
(o) % 3 z g2 A. £ y S

u 101 1 - e e 3011

5:2 711 1 1 1 1 101

2-1 101 1 i 101 1 101

1-1/2 11 3 G T | 11 1
1/2-1/k 18 1 b 1 1% 1 101
1he1/6 13 1 b 5 1 2 1 1 1
YSafi6 20 1 S 0 1k 6 1 3

|

T
1

|
hese are approximaticns bassd on Lpe analysis cf cores from 36 of the
40 locetions.
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inareased.  The slope ares Las en average variabion of 10 to 12 parcent,
Th2 base of the sloves ¢ porcent, and vhe mid-channel region Y percent. °
Sediments are often described and/or classified ascording Go

soabisbical characteristics such zs nodes median and guarcile deviztion.

o

In wview of this a few examples of the similarities and differences in

Lhese Tactors between immediabely adjacent.samples shali be presenbed.

Figure IV, graphically prasents the data from two sample lo-
cations, Sample 6Ll is located on the east =lope ab stout 560 feet below
see lewel. Semple 1P2 is from the west slopz, approximately 600 feet be-
Low sea level, The first sample presents an exceptionally good match
beviween the thres adjacent cores. The modes are the same, while {Lhe maxi-
num di fferences between the median diameters is very small; only 0.CL6 mm.
Tae goefficient of sorting, i.e. the log of the geomebric quartile devia-
Lion (lo fa/bq }: which is indicative of the sorting of the sample;
2iffars 1 by & factor of 1.23. They are 211 normally sorted sediments rang-
ing from & sorting cocefiicient of 0.426 to 0.528.

Visual inspection of 1P2 (Rigure IV), shows two fairly well
mstcned bimodsl curves. The cumlative curves also approximate one another.
The median diameters differ by 0.29 nm.; both are poorly sorted with coeffi~
sients of 1.088 and 1.1C0.

Sample 7ML (Figure V) is located on the west glope ab a depth
of ghout 600 feet, The frequency curves for the three zdjacent cores are
similar; hewever core A tas a mode bebween 0.125 :nd 0.065mm., while cores
B and C have their modes between 0,065 and 0.031 rm. The median dlameters

The approximate variations given hesre are the averages of the numerical
differences in the parceat of each :nd=v1ﬂua~ cabcgorya For example: Core
Ve B0 pareent fine s“nﬁ- Cere B = 20 pereent fine sand u“.'va;1a51on in
ne ©inz sand is thus 20 pereant.

e
e



sre o3zantisally the same, with only 2z 9.03 wmm, Jifference. The most strik-

“eabture is shown in the wurerical value for the sortingg 0,139 for core

bRy

o

£ and 0385 for core B, They differ by a factor of 2.87, yet they all re-
yresent good sorting. £11 three cores are generally comparable,
’ Sample 3P3 (Figure V) shows some diverpence between the three
adjacent cores, There is a 10 percent gifference in the frequency of the
rajor modes. Cores A and B nave modes between 0.5 and 0.25 mm. while core
% nas a mede betwean 0,125 and 0,062%5 mm. This represents a difference of
wo standard grads sizeeg, The median diameters have a maximum difference
2f 0.3h mm., or wary by » factor of 3.10. Sorting is essentially normal in
a1l thres cores with coefficients ranging from 0,431 to 0,597,
3ample 5.2 (Figare VI) from the'east slope at 2 water depth of
P90 feet shows a markedl vispal differsnce. Core A is bimodal while Core B
s aminodals The median diameters and the zoefficients of sorting differ:
ny fastors of 1.8 and 1,32 respectively. Lore & is pcorly‘sorted and core
i is normally sorted. |
Sample 1PL (PFigure VI) taker from the east slope at a Jepth of
uppréximately 50C fect shows & strikin variation betwean aljacent cores.

Gore B is definitely unimodal, with the mode uetween 0.5 and 0,25 mm. Core

Z is slightly bimodal with the major mcde btetween 16 snd 8 mm. The median

4]

diamsters differ by a fastor of 1.8; the ccefficients of softing by a factor
of 1.68. Both are poorly sorted,

The horizental wariation of' the mediszn diameters of the particles
at pﬁrticular depths in the cores is shown in Figufe ViI, Sample P6 shows
a goéd relationship with depth hetween the median diameters of the three
adjacent cores. The remaining samples present varying legrees of divergence

in ohe median diameters-

B



SUMMA DY AND COMCLISIONS

3ince the Puget Sound sediments are a compeosite of many sources,
Cae sediment system is a complsx one. Many of the sampling difficulties
>robably arise due to the glacial deposité, especially from those in situ
znd those added by the sizmping of the shore bluffs.

From the analysis obtained thus far, it appears that the local
cariebility increases up ths sleope and that maximim variations commonly
:chr on the nrper sleps rezicns; in areas of about 200 to 300 foot water
Zapth. The sdogree of reliance for the data of any cne core sample, in

sarms of horizonbal extranolation, decreases as the water depnth decreases.

Differences vetwsen adjacent éamples mean veryllittle in them-
sellvez; but Ly a contimation of systematic sampling and analysis, coupled
Aivh an enaiysis of variance as a statistical treatment of the data; varia-
Lion @may be olzeed cu a quantitative basis. I is quite possible that
:7inibe horizontal and vertical trends in local variations may be defined.
focontbinuation of this study may also assist in the determination of "Yin
;itu" zlacial devosits, if sampling is carried out on the adjacent land
iﬁ known glecial sediments.

Marked variaticns in the character.of the sediments will affect
iha statvistical values used to classify the sediments. The defining of

the sediments in this or similar regions, by use of isolines or other con-



This generat method of sampling is not limited to the deter-
diaation of lenal wvariability in rhysieal characteristics of sediments,
T sadimentaiy chem:st may find such a study applicable as an introduc=
wacy investigation of any area. The sedimentary bacteriologist and the
aeu~ggologist, paleo-ecologist or paleontologist studying the foraminifera
and diétom distribution ir. sediments may consider this or some similar

aeenod uszful =& a preliminary investigation.
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FIGURE 3, Upper half of figure shows sampling locations and bottom contours, Each location
indicated was sampled by use of the triple coring device. Lower half of figure is
a profile of the sampling area.
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