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LOCAL V.~RIABn,ITY IN MARINE SEDIMENTS

ABSTRAOT

This investigation was unde~aken in ordBr to determine

the variability in particle size distribution over ~ll horizontal

distances in a section across central Puget Sound. Sampling was

accomplished bY' means of a device lo1hich simultaneously obtained three

cores, spaced in a triangular pattern, one foot aparto

The degree of variability found indicates that dstining

of sediments in this J or simUar regions J by use ot isolines based

on statistical parameters from individual cores may be misleading"

Apparently, the local variabilitr decreases with increasing depth on
•

the slopes and is at a minimum on the nearly' flat bottom between the

slopes. The greatest disorepancia~ between the closely' spaced cores

occur in samples 101ith median diameters in the smaller sand aizeso
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The sampling problem invc.lved in obtaining any natural sample

is of'con exceedingl:r c:omplex and has I'(~cei~red mu:ch consideration in the

literature 0 In the process of' obtaining' i::ny one sedi.rnent sample by meGne:

of a coring tube or othel~ sampling de'vice:: only a.n exceedinglJr minute

portion of' the ,sea bottom is sB.mpled.Q In a st,rict sense any single

sample is merelY' representative of the exaot spot sampled~ Unless the

process of sampling corrti.nu9s system~rGical1y in thi.s and adj::~cent areas~

ra.dial extrapola'tioll from the sample is subjeG'C, 'co great el~r()r~ with

any single sample '!?oing representative of only itself., The introduction

of this limitation on. problerrJ.S of sedimenha'Gion or sed5.mentary environ"','

,mental studtes;; whether ·i.-,he~/· be ph,ysical:i chemical,:. or biologica1:J prea •

sents a serious handicap) In order -to proceed with a.ny sedimentary

t 16sea.roh :it is neoeusar'Jr "CO knO'W' 'the l:uili'hations of 'che samples obtained

,and to underst,and.) at least i.o some degree;l the existing local variations

and the pl"obabilitios for such 'variations (~

The pUl'lpoGe of t,hi::~ paper is to b~:'iefly present some of the

·initial resuJ:t.s conuerni?:lg a problem of' st:lJTlpling marine sediments in the

region of' Paget, SOlln.d j ill the State of "tr.Tashingtolli:l The information to

date consists of thl3 da.ta i'rom a pal\'t,i(~le S:LZ0 analysis of the bottom

sediments obtuia."1ed along an east..·w(:;st, tra'(Terse of Pt.~get Sound, about

12 miles north of t"1€ ci~~y of' Seattle:,

","_J'Io-.
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partiall~l clrmn1ed by 'iiha 80a. I'~ j.s 0110 of "the deepes'(i sal"u '"fr:ra:'Ger

basins in the- United States. 1'11e mid-channel bot·tiom area exceeds 900

feet, in dep-c,h :l.n somo localities. Dap'(,hs of 600 or more feet belO1i

sea. level a.re u.sua.ll~r enCOtU1'c,el"'sd in 'tihe charm.el po~ttions 01 'che Sound.

Except for lopal areas, 'lihe shore 810:088 an.d U11derr·ra'}.jer slopes are

steep; inclines of 2~; degrees are COlilffiOllD

The ,topography of the Puge"{j SOlli"'1d area is due primarily 'GO

glac:i.al aO'ijion by a ;.obe of the Cordillerian ice sheet.. The shore liL,e

is bOIJdered by d.epos:i.:iis of clay, sand, gra.vel and till, reminiscent of'

'Ghe glacial control. These glac:E.r-deri"iled. sediments often form shore

line cliffs 200 or mc)re fGet high 0

Glacial till is a. prominent, S01.U'ce or sedi,men'~s ill P11get

Sound and iPE.y becon~ a p::U"'b of.' 'i.ihe rna-rille sed}.nlent :Ln various 1~ays 0

(1) The slopes ma.y bG. in part. composed of glacial deposits :in situ.

(2)" The erosion of cliff's and beaches t'lill also be a supply of. glacial

sed:i.ments ~ ( 3) The t3trea.ms are imposed r;>n glacial ·till and 1'lill trans-

po:t~ this material to 'bile marine environment. (4) Slumping of 'the cliffs,

vrhicl?- are ,composed o:r glacial debosits, 't~ill add, to 'lihe marine sedimen~~s.

m.ent l'(}cks of the CaGcade and Olympic Nountains contributes to the sedi...

~ents as they are ca,:r1'1ied 'to the Sound by the numerous strea.ms ~nd riveTS.

Volcanics, from dil"'el~t dust-falls and i'r9f1l inland eros:ton, .?X'obably

account, for some sediment, supply in the Sound.
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·t.t'l!~ei::'l cc:r-~~ spaced :tr.. ~, tr~- 'i~'g~i::ar t:o:i c.tJe T"n~1 1 fot;t. ~ Da:':"t. (FtgurG i:r), '!'he

~mnles ':0:;: t?fI-ery SUbfie'.41.;.Fflt l..i em" -;.r: ,i€l)th l·rer.e (:btaineo, for analys~.s"

I

;;dme 60 locatior.'!S ::m ; •. tra ot("::':"Sf: ,::.cr'(:EiS '.ItVl,f?t f)ound ha ITe been sa;J1plE.(1 !, making. I' ~

.:l~1a.;labll~ f::,T COltJI'lc..ly,'i:jo'/· tn..:: :IClt~ ,.)t,t'2ined Trom t.he Cl.!lalysis 'of 180 c·.~:ra.:J"
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(Figure III gi1res the location of these 'samplBs t' ) 'fhe sampli.ng of

a:pprox.imately 18 to 20 locations in t,he mid~..·channel and nn th(~ necLr

shore slopes is pla:cnerl :"or. thel near future.:>

T'h~ 'l/3rli.c9.1. secrti.rmi.ng of the (;or(~~ in the. manner just 008=

r:-er,';lratlng it L'11:.o standard

fr-actions" Th~ llat.er-ial~·~:.~et'· than. 1/16 mrn,,» previousl:r separated from

the sample hr "(Iret 5:i:~ving th.~oq.gh a 1/16 rillTt" sietre $I was submitted to a

-vipet,te 8.'OHlysis for si2ie d?t.ernri.naticm, This latter metho:i is based

UP!)~1. Stokes 'Lal;J; tha'c is upon tJ!.e ssttling velooi·tiee of spheres of a

S:Lncl;~ this st.u~;· d8P.J..:.:, ~ri'th the 'Var:i.a'tion in the l tesults obta.ined

in the si.ze 8Ilal;vsis of adjacent. core sam.ples ::t is essential to know the

a.na1.ysis er'ror:- The sta.nck1.rd method b.riefl~r Ml.:'cribed above satisfies

this condition in allct>ling an 1Jt1p9.J:··t.ial dnpl:tcate anp..lysis of the same

sample tiC oe run n.nder essentia.lly standard If.'.boratory c;onditions" l"olhen

th~ reprodu.cibtlity· of t.he results are kllovJn.9 it is possible to diffel·"".

entiate betvJeen tncon.siste.l1Ciies dua to analysis and tht:: actual var"tat.ion

betlY'een sanr~les 0

Duplicate analy-sis of 20 samples i.ndica·~ed that the analysts

errOl) itras "o'ery small D with an a~i"eragc reprodllc:.ibtlity for anyone size

determination of ! 0 0 2 parcent= 'l'here was v·ery little divergence from

this avera~e~ with only about 20 percent exceeding the average by a

factor of 2 C' Th(~ 9robabilities are thus in favor of actual sa.mple varia-

tion accountin,.; for percentage differences betli"3en 'adjacent samples which

exceed ! o~h per-cento
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INITIAL RESULTS

In order t:> present a summation of -che results obtained, the

east-west traverse of the Sound has been divided into three general

areas. The eastern .md western slope area from sea level down to about

500 ree'~ belOl~ sea l·~vel represents one division. The 10l~er portion

of both slopes J from about ,00 feet, below sea level to the base of 'the

slopes and adjacent channel areas, represents the second divisioDo The

last divisio? is the mid-channel region.

Table I pri3sents some of the differences in grade size p~rcen­

tages between the samples from 'che three cores obtained simuJ:lianeously

at one location. Th13 percen-~ differences shown are thus indicative of

variations in particle size distribution from samples only 1 foot aparto

Very often the data. from sediment size analysis are reported

in terms of major fr.3,ctions; such as sand-silt-clay ratios. Coarse"

medium and fine clas3ifications are often used 't'1here coarse material in­

cludes coarse sands and larger, medium material represents a composite

of medium and fine sands ana. the fine matter is a summation of the amounts

of silt and clay. U:3ing such a coarse-mediurn-fine differentiation for

the sediments in -hhi:3 study, the variations in frequency percent betw--een

categories of any tWl) adjacent samples is markedly increased. The

slope area presents <3. maximum variation of 33 percent fOI' both the medium

and fine fractions.. The base of the slopes shotor a maximum variation be­

tweGn adjacent sampl(~s of 18 percent for the medium and fine fraction.

The maximum variation for the mid-channel is 10 percent in the medium

and fine ranges. Th(;) average variation between the same categories of

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

-5-



TABLE I

Dif'ferences ttl. C1X":1.de 3ize Peroentages.

Slops Ba.8E: of Slope Mid-charmel
Size ~1axo i1ino Avert) Haxn Hln~ Avero Max" MinI) Avero

!.mml~_. ,J: It _-L ~ % % % % %e _.-L_....

i', I 1 1 J 1 1l'

4=2 2 1 "'l 1 1 1 1 1 1.L

2:-;1 1 1 1 1 1 1 1 1 1

1·~1/2 1 1 "'! 3 1. 1 1 1 1_\.

1/? "? /1 18 1 h ]. "1 "? 1 1 1/._=J. 4 oJ.

1/4'~1/B 13 1 U 5 l 2 1 1 1

lj8=1/J.6 20 1 " 10 1 4 6 1 .3?

I

'I

The'se are approximations ba~ed on t,:CJ.E aT~l;1sis of ~ores from 36 of the
60 lc-ca"t.ions 0



:Ll~.::~.::·.33.sed" 'the sl~~)e ar'E't;'. hn.s a,~1 avor;~ge va:ciat,ion of 10 to 12 p3I'Cerrc, ,:.\

'~l·~c..~ base of tb.e slopes 6- p(:::r~ent.:: and ';:,he mid-channel !'egi.on 4 percento 11
Sedi:ment,8 are ofiiOll de:.::crj.bed and/or class~.fied ;:t~co:;"ding tiO

:3 'GG.'tist,inaJ. nharacteristics such as nlod(~5 med:Lan and. quar-G:lle clevie.tion"

In v101'1 of ·this a fm~ exarltples of ij!lG EJimilaritien a:o.d di:~ferences in

~'ig'..lre rJ.i gra.phically pr;;sents thE: data from ·t,HO sample 10-

ea·cj.ons... Sample 611 is located on t"he 13ast slope at about, 560 feet, beloE'l

s~;a lC:firel u Sc.mple lP2 is i".rom 'Ghe tJesi~ slop€·.'i upproxima'tely 600 feet bed

,!-.)IJJ sea level,) The first sample prEH3en-cs an exceptionally good match

h~twciel1 thE: iihree adjacen.t cores~ 'lllle modes are t.he same) while '(,be maxi....

mum di lferGl1ces betvleen the f(I.edian cl:i.aneters is very' small; only Oc046 lm'nu

'l'":1,e ao,~ff'icient of sorting) i:.e '. the log of the geomeJliric quartile de1Tla-

tion (J.og/ ~1'Q37Ql"")~ 't'1hich :is indicative of the sorting of -the samples

6.1f£91·3 by B. fact,or' of 1;: 23.., They ctre all norlnal1y sorted sediments rang­

i'cg f:i."om a sort:L7J.g coefficient of OJ~28 to 0",528(;

Visual inspec·t,iol1 of 11'2 (Figure IV):J shows 'Cto10 fairly '«1ell

~n2.t~'hed b:1.modal curves, The cUll'"...llat:ive curves also approximate one a~'lo·~her ..

'.rhe :lledian diameters diffel" by O¢29 finn .. ; both are poorly sorted l~ith coerfi"'

Sample 11-11 (F~.g-ure V) :i.s located on the ~rest slope at a. dep·th

of fl.·bout ,500 feet. The f.requency CU1'V0S for the t,:nree F..dj~.tCent cores are

13 and C hav'e ·c.heir modes bet'~!een OIi 06, and Oli 031 !mllL. The nledian diameters

J./ :I~he approxiJiJate -v~lriat/i.ons gi'ilen here are ·the averages of' the numorical
d~Lff0rences in the p'3.Y.'cent of each ind:L'\ridual categoI'~-~ }ror example: Core
~\ ., ;,~O p3Y'oe',1't: fins sand; Cere B "'. 20 percent ~(·tlle sand; the -lTaria'iiion ill
the :t':Ln3 sand is thus 20 p9~:'cent"
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,::r(~ ·~ss~ntia,lly the 3ame~ with nnl;y' a 0003 Tram o differeneeo 'fhe ~ost strik­

:!l:..g ·:'eati.tre is shown in the nllwerical value fc)r the sorting; 00139 for core

~'. ;..~,nd Oc 385 for core Bo They jitfer by ~ factor of 2 0 87.\) yet they all re-

';..resunt good sorting (l All three cores are genorally comparable 0

Samplft 3P3 (Figure V) shOW's some di'Tergence between the three

edjabent cores o rrhare is a 10 percent difference in t,he .frequency of the

T!9.,ior modeso Cores A dr.d B ha1re modes betvleen 005 and 0025 romo tJhfie core

~~ }-1<:15 a mod{~ be-r,t-reen 001.2.5 and 000625 mmo This represents a d.i.fference of

·~wo standard c;rade S22:eS 0 ThE mediandi8meters ha've a maximum difference

·:,f O~3}.f ramo SJ or var;-f bJ ~ factor of 3ol0n Sorting is ,essentially normal in

all tbree cores with c;oeffiC!ients ranging fr.om 0,,431 to 0.,5970

:3ample 5;,.12 (I":1.rr."1r€ iTI) i'.(~om thf~ east, slope atJ a water depth of

',:)0 feet sho:.-is f.i mark6~'i ·visu.al diff(~x··er~ceo Core 1\ is bimodal whUe Core B

i.3 :.u·..if~Oda.l 0 ;fhe media.n diamet€!'s and the -::O{~~f'i_cie~t,s of sorting, j.'Lffer·

;);\,T filct.ors of 1~8 and 1032 respectbrelyn '~ore f, is [fJorly sorted and core

i.; is nCornlaJ.l~r sortedn

Sample lPl (FigurF.:~ VI) ta:1-'.:er~ from the east slope at a jepth of

:.l.pe..t~'}ximately 5tX, feet shows 2 stl"'i.ki.n.':' 'variation betwe,~n adjacent cores~

(:;jre8 is definitely' uni:nodal, '\'lith the mode botween 0('\5 an.d 0025 mmn Core

~: is sl ;_ghtly' bi..modal wi-eh the major mode hett",een 16 and 8 mIno 'The median

dia:.w3ters differ by" a f'a·Jtor of 1,,8~ the cCJeff:1.cients of 'sorting b;t a factor

of 1,~68e Both are poorly soned",

The hori.zont,al 'f,rariation of the med1:;.n d.iameters of t.he particles

at prtrticular depths in ·t,he Gores is gh<Y..ni 1.n Figure VII" Sa!llole P6 shews

a good relationship lfi.th depth t)etw'een the median :.!iarneters of the three

adjacent. coreso' 'file rem3.ining samples present '~]'aryin:~ 'iegrees of divergence

in 'the median diameters-,
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~urJI!1J\ :~;.Y !\ND COj'lCLUSIONS
._--"--.. t ~

:3in(;8 the Pu.get S:)i..l.i1.d sediments are a composite of' many sources,p

: Ll~: sed:ima!~rl: system is a (.o~nplex one 0 Many of the sampling difficulties

.J::ooabl:r :lrise Que tel t.he glaGial deposits ~ espeoially from those in situ

.~~1j those addec: by the sl:J'mp-ing of the shore bluffsc

From the an2.1fsi.'3 obtained thus far i it appears that the local

:a:ciabi1.it.y hlCT'SaS8 E.; u.p thE: slope and that maximum variations commonly

__ dcur on t.hf; IX!=per slope l-eg-Lcns ~ in areas of about 200 to 300 foot "later

rrh:3 :-k:l-Srae of r~:lianoe for '~he data of anyone core sample j) in

of h~l"'i.z·:.:,nt~al £xt.rar'olat ion~ decreases' as the water ':Jepth ~creasesc

also fPin'::T~nt f1'0iTI the data, obtained that the ~reatest discrepanci.es

:1:3 !c,1"7e(~D 6{lj tHO adja.cerrli samales usually occur in the smaller diamete:;a

DiffcY'ences bet.-~·~3en ad,jacent samples mean v'ery little in them-

s<3-1'iJes;; but b~r a~on·(,in1J..a~~ion of systemati.c sampling and analysis» coupled

;i-L'c,h a::l e.nal:y"8~.s of variance as a statist'teal '~reatment of the data~ varia-

:lon ;il·ay be nl2.ced on a quantitative basis ~ It; is Cluite possible that

'bfini'i:'{3 horizontal and v'cr-tical trends i.n 19cal variations may be definedo

.f: \~ontinuat.:Lon of th~.G st.udy may also ass 1st in the determination of tlin

::j:bll! glaci.al cle'posit.n;i 1.1'" sampling is carried out on the adjacent la,nd

Ivlal~l~ed var:·.uticns in the character of the sediillents will affect

:((H3 stat.i.st.i.cal valuos u~ed to classi.fy the seqimentso The defi.ning of

,(.he sediment,s j.n this or similar regions 3 by use of isolines or other con-

\i"e::'1-i;i~J.. reeans based I)n tt:.ese statistical values: may be erroneous or at

(·1~
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1·bj.~ g8neral me-';tjhod of sam.pling is. not limited to the deter-

;j:':.l~rG:l.o:.l of l(;;:-.~ll ,rar·iabiJ.ity in nhysical characteri.st tos of sediments"

r.'.IL~ s·3dimen·~~aj"'.Y· chem:'st Tfiny find such a study applicable as an introduc=

'.~:J!.~'.j' j.nvestiga'i';i.on 01" any areal) The sedimentary ?acteriologist and the

~·J.E:()",eCJ:!.ogist~ paleo..,'eco!ogist or paleontologist studying the foraminifera
4-

9..l)d di~:li;om d:ist.ribU'cion in sediments may consider this or some si-milar

'.llt:rthc>d. useful as· a preliminary investigation"
I

'·10'"
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nQUU 30 Upper halt ot figure sbovs sampl1Dg locations and bottom oontours. Each location
indicated was 8ampled b7 use of the triple coring deviae. Lower halt ot t1pre is
a profile of the sampl1Dg area.
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OD the east slope at S60 foot depth) lP2 18 located on the vest elope at a depth of
600 feet. Both sample. show good correspondenoe between adjacent oores.



• \~

"..- ­
f!""
t,

I
I

I

MEDIAN DIAMETER

A - Of0

B - 0 10

C - 001

I
~ UMULATIVE ':URVE (7MI)

'01

1
FREQUENCY POLYGON ' I

I A

( 7M t ) ,~ ,,..\ :
" \ \l:,,

10

30 FREQUENCY POL'(GON (3P3) CUMULATIVE CURVE (3P3)

COlli A­

CORI • --­
CORIO········ .

.'
•.•....

........

MEDIAN DIAIII[TEA

A - 0.500
8- 0.100
C- 0.180

20

40

lao

.. eo

.002 .ooos

10

'"10

nOURB s. Si....tZ'8quenc7 polygons and cumulative curves tor locatioD. 7Ml and -3P3. 7J1l 18 located
on the vest slope at SOO toot depthJ 3P3 1s located OD the east slope at 160 teet.
The bel1Drdng of divergenoe between adjacent samples caD be observed.
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FIOURB 6. Sue-frequenC7 polygons 8Dd cumulative curves tor locations SL2 and IPl. SL2 is located
on the east slope at a depth of SOO feetJ lPl is located on the east slope at Soo foot
depth0 Marked variations between adjacent cores can be observed. .
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'Iom 7. Comparilon of partiale 11.e median diameter with depth in core tor adjacent cores
from tour different looatioDs. sample P6 ShOW8 good correspondence between ad­
jacent CONS at all -depths. Sample P3 (note change in scale between 10 and lS em.)
shows good correspondence bet.een adjacent CONS OD the surface with threefold
difterences between 00re8 at 10 and 20 em. depths. Samples L6 and M7 show inter­
mediate divergences with depth.
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