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ABSTRACT

The 2-fold purpose of this swdy is to calibrate a

Rapid Sediment Analyzer and to use i" to aid in the dctez-

mina ion of the genesis of sediment on the inner continen-

tal shelf between Cape Henry and Cape Hatteras. Rapid

Sediment Analyzer calibration was conducted by comparison

of sieving and settling results of similar sands.

The study area was divided into sediment provinces

by both a qualitati ~e proc dure (grain size and topography)

and a quantitatively proceduze (fac'z-vectoz analysis).

qualitative province= oze beach and surf, upper shore

ace, lower shore face,. sea floor, and rminal shoals.

The berm fines from each terminal cape toward =ha centrally

located Poise Cape .&i'-: an anomalous„ coarse soci:oz in the

area of. Nags Head. This berm pattern is '=i ough" to be pari:-

ly inherited from the Eleistoc ne substrate and pa: ly due

to the modern hydraulic regime.

Seaward of =h bz a~ra he shore ac fines southward

pr obao ly through increase 0:Jinnowing 0 f tines 3 s wave height

inc" ases. In general, the wave-driven fractionation

processes on the shore face aze very officiant since all

measured parameters vary systematically with depth.



On the sea f" oor a sou"h and centrally located

coarse sand is thought to be an unburied Pleistocene

deposition. From Cape Henry to False Cape, he sca rloox's

coarse and well sort d and is pzobably due to a former

hydraulic regim- and land mass.

The northern terminal shoal off Cape Henry consists

of medium-g"ained sand, and the southoxn tezminal shoal

(diamond Shoals) consists of fine, well-sorted sand. Zn

both cases the modern hydraulic regime is considered to

be "he cause of deposition.



r~r:11ODUCTZOH

Purpose of Study

Tha purpose of this study is to invcsiigate rhe

genesis of sediment on rhe innax conrinental shelf of

Virginia and Hozil-.az x ilorth Carolina.

Tha generally accepied model of Holocene continen-

tal shelf sediman a ion is the ''mery (1 3 b7 i 13 b ~) ~

This modal desc-.ibas tice continental shelves as having

been exposed to subaerial (fluvial) sedimentation .'uring

the &lisconsin low siaxid of .'='.i saa. As il e ica caps malt-

ed,sealev 1 rose "cross ha Atlantic coniinenial shelf
from about 15,0C3 years ago to ihe pzesenr. The re urning
saa rc lorxcd:.1a con' xencal i . lf bo'om "o form a Holocene

Q sg essxve sand six e ~ Tile 'llowing ciiazac'zxs ics
aza b lie xed to indicate the relict natura of this -and

shee '=: coarse an-]/or of hetezogineous size, iron-staining,
solut ion pitting (..mazy, 13':.), and anomalous -ossils such

as elepl;ants "ee=h (t&lxi'cmoze,,et al., 19~7), arid oyster shells
(Mezzi3.1, e - al., 13d ') . Z«e bottom on tha shore face, land-

ward of tha " lier. sand, is believed o consist o saaward-

fining modezxi sand in equilibrium with the px'eseni-day



Fi.-ux'e 1. Transeccs zlin," which @zan iles zni se'ivan

sarnles have been collected.
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hydraulic regime.

This study ac=cmp s to det rml.ne if the relic'= and

modern sand facies really exist on the iwacz continental

shelf as postulated and i:o dec .zmine their genesis on the

basis of a regional grain-size reconnaissance.

Location of Studv

lhe study. area chosen was the Cape Henry to Cape

Hatteras shoreline and 2$an seaward (Fig. 1) . This area

was ace& ssible and io also rep-esentative of the M.ddle

Atlani:ic Bight, in 'hat it contains an adjacent bay mouth,

a mainland stretch of beach, a spit - barrier island system,

and an offshore ridge and swale topography.

Aporoach

FIELu MECHGBS

Sample net.--Sediment specimens of "pproximat ly

liter size &ere collect"d from a series of transects

(Fig. 1) . Eleven trans'cts, normal to shore were sampled

every 2J "m from Cape IIenzy o Cape Hatt=zas. The beach

berm was sampled every i km.

Sampling of tI e tzansects began at the berm and

extended seaward at 2 m depth increments until horizontal

dist ance incremexu s became as large as 1 lan. The 1 km



Figure 2. (Above) I~ooJs Hole eype Rapid So~inane

Analyzer (Senehos Cr rp.) .

Figur &: 3 ~ (Hslcv) Tr nseces ehrough eh'irginia an~

Horeh Carolina coasts, from Oaks, 1964.
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sampling increment was then contfmued until 2 consecutive

coarse sand samples of hc type generally considered "relict'ad

been collected. If an acceptable sample had not been

obtained after 4 such intervals of 1 km, the interval was

increased exponentially (2 km, 4 km, etc.). If the desired

type of sediment was not obtained after a "otal distance

from shore o" 2i !err, he transect was discontinued.

Offshore specimens rrere obtained by dhipek sampler

from the R/7 Alba'-ross, a 6B ft. coastal rawler. Specimens,

however, at the initial 2 m dept!r were obtained by diver,

snd those from the berm w: re obtain d by hand from a beach

buggy. Berm specirn ns we'e collected in a LO cm diameter

stove pipe sunk 7 cm into the sand.

Havipation ~ Zr ense t intervals (pig. I) were

ird.tially det'rmLu d by vehicle odorrr ".er rreasu ament of

loca ious previously selec-eh by rrmp. Individual stations

within the trans cts were de'=ermLned by radar, bathyr 'try

(Raytheon Dr pth Bouncer) „ horizontal sextant angles, and

dead reckoning.

LABORAZOL'Y 1"2TH'. 'he

laboratory procedure consisted of Rapid Bediment

Analyzer (Fig. 2) deterrxLnations of the grain-size dlstrlbu-



Fi&mrs 4 ~ 'uarvrnary Zzamwork u'?:u Vir'"inia

Norrh Carolina cuasr.
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tions of specimens from each ma)or transect and all berm

stations. The Rapid Sediment Analyzer was used because it
is a relatively behavioristic method of analysis, and

because it is much more rapid in operation than sieving.

The nialysis procedure is discussed fully in the section on

Rapid Sediment Analyzer calibration. The settling sethod

of grain size determination is behavioristic in that within

limits it makes use of the same hydraulic processes as

those encountered in nature.

le~ional Setting

LATE &UATERNARY "1'4ATIGRAPHY

!

Pleistocene 'baseman ."--'1'he sand ridge and mud flat
complex of .he Sandbrilga Formation deposited by a retreat-
ing marginal sea of probable la e Pleistocene age immedl-

ately underlies the Holoc .ne beach and lagoonal deposits
of the Virginian Coas . (Oaks aad Coch, 1SS3; Oaks, 19b4;

see Figure 3 and 4 "his pape ) . A scuba dive in a swale

off of False Cape r vealed 13 cm of coarse, shelly sand

overlaying a stiff clay -entatively correlated with the

Sandbridge Formation (D. Swift, personal communication) .

The Holocene Sand heat.--ln 3 instances cores taken



with a hydraulic cozing system in the northern part of
I

the study area appear to have n arly penetrated to this

surface. They consist of 20 cm to lm of sand that appears

to fine upward. In 2 cases there is a coarse shelly gravel

at the bases of the cores and in the third case a coarse

coquina (D. Swif , personal communication) .

The tl ickness of the basal layer is unknown since

it was sufficiently coax'se to stop the coxer . Large clay

fragments presumably e "oded from the Sandbridge Formation

were found near the base of 2 of the cores. The sequence

cored is p" sumably the Holocen transgressive sand sheet.

Powers and Kinsman (1333, p. 229) have rcpo"ted recovering

37 similar cores up to 1 m long ~ust to the no th of this

study area off the mouth of Chesapeake Bay.

Geomorphology.--The shoreline of the study arcs

(Fig. 1 and 4) consists of a mainland beach sector (Cape

Henry to Sandbridge), a spi (Currituck Spit), and a

barrier island (Hatteras Island).

Curx'i"uck Spit may be either a coast-parallel,

distally pxogza 31ng spit (Pishex, 1955, 1967; Piexce and

Colquhoun, personal cosxnunication) or a detached mainland

beach (Hoyt, 1937) . Probably a headland existed formerly in



the viciniiy or Oregon Inlet. Fisher (personal communication)

refers to such a formation as Bodie Island Headland. Fierce

and Colquhoun (personal communication) have found buried

soil profiles on Currituck Spit and Hatteras Island in the

vicinity of this hypothetical headland. Fisher (19b5,

19B7) has found consecutive, parallel, relict beach ridges

trendiug diagonally across the barrier along practically
the entire length of Hatteras Island. He interprets this
as indicating "hc original formation of Hatteras Island as

a southerly prograding Spit from the hypothetical Bodie

Island Headland. Such diagonal beach ridges are absent

on Currituc» Spit.

The shoreline of the entire area probably dates

from the late Holocene reduction in rate of sea level rise
when most modern barrier sys"erne were initiated (Curray,

19~4, p. 181) . i;ccording to Curray this reduction ~

occurred between 7,000 and 4,000 years ago.

Historical records show that with few exceptions

the entire ocean shoreline from Cape Henry to the North

Carolina li= ( ~lclnlt. of False Cap-) has exhibited con-

tinuous recession since the earliest surveys of record in
1050 (J. Felt'on, unpublished manuscript, Norfolk Corps of

Engineers) . More recently Langfelder et al.(1963, pp. 73-30)
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hss demonstx'ared, by means of photogx'ammetric and wave

refraction methods tha'rosion is dominant along the

entire ocean shoreline of North Carolina.

111 the submax'ine province of the study axes, the

bottom profiles (Fig. 5) indicate that at most transects

2 well"defined geosorphic provinces are present. The near-

ly planar shore face has a gradient or 0 m/km down to an

approximate water depth of 14 m. Seaward of the shore face

an undulating shelf floor slopes seawaxd at 1 m/km. Such

sharply angulated pro iles seem to be characteristic of

eroding shorelines (Zenkovich, 1967, p. 205)'.

The sea floor exhibits a ridge and swale topography

with relief up to 7 m (Uchupi, 196 ', p. C17; see C& GS chart

1109) . At Palse Cape =nd i.imble Shoals, r'dge systems associ-

ated with this topography tie to the shore face zt depths of

5 to 15 meters. These ridges parallel the beach ridges of

the Sandbridg.- Fox'marion and have bi=en considered relict

beach ridges (Sanders, 13 3) . Piore lil~ily, however, they

are form d and r"intai:.e3 y t2 modern iiydraulic regime.

!

They nave moved inl"nd ai=ce 1'2 {Avignone, personal commu-

nication), and the shore face has cut deeply into the Sand-

bridge Forjsation (Oaks, 1964, Fig. 25). Presumably this

has xesulted in che destruction oi any Pleistocene relief.



Fi~re o. ~vsell;lie ~r.au.
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WAVES

Swells reaching the coast between Cape Henry and Cape

Hatteras are predominantly from the southeastern quadrant

duxing the summ;.r and the nox'theastexn quadrant during the

wintex (Fig. 0) . On an annual basis, however, swells are

predominantly from the northeast. Of them, 9 percent are

1 to ft. high, ~x percent are S to 12 ft. nigh, and 3 per-

cent aru ov r 12 ft. Calm prevails 19 percen- of 'c time

(Beach Erosion and Hurricane Study U. G. Army Corps of

Engineers Norfols I}istri , Unpublished Report) . The data

from w".'h "he swr 11 di gr.".m wa made we '" ob ained from ships

oper'ating between sho" and an average distance o - 5 (5AO Icm)

offs.loz ~ .

In the vicinity of the entrance to Chesapeak Bay,

for all seasons, the swells are predominantly from the east-

northeast. Zhe most f cquently zeco "dcd wave h ight is
0.75 m. Calm or s'.& 'is of less tacan 15 cm in height pre-

vails 31.7 percent o =".'ie (Coastal Engineering &research

Center, Tech. K:mo. IIo. 55) .



Fi~~re 7. (L ==) Lo:i~shore -i, t on the Cspe Henry-

Cape Hatter,s "st

Fi~wre (i=':. ) Flow chs t 2i r sample preparation.
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LITTORAL DRIFT

The littoral drift (F&g. 7), is primarily northwazd

between Cape Henry and Cape Hatteras (Longfelder, et al., 1963,

p. 80; Eunch, 1939, p. 13) . Apparently ti e preponderance of

light swells which are from a southerly and easterly direc-

tion have the 'eciding effect in rhe. direction of drift.
In addition., just south of Cape Henry, Harrison, et al. (1964)

have noted a clockwise eddy. Such an eddy would contzi.bute

to the northe"ly littoz"1 flow in this portion of th= study

area.

The . id:s along this outer coast are semidiurnal,

and m:an tidal range varies from Z.G feet at Oregon Inlet
to 3.8 feet at Fals= Cap , Curzituck Beach Light, Cape

Hatteras, and Hatt'ras Inlet. Tabl I pz -sents tidal
amplitudes and tidal currents a various locations along

the outer coast from Cape H -.nzy to Cape Ha. taros.

SEMI-FERMAT.HT CURRENTS

Hontidal water motion in the portion of the continental

shelf involved in this study is the ne" result of many

variables.
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Table I. Various tidal values at selected locations

in the tost area

Naxinum Currents

Flood Ebb

Location

Tidal Range Dirac- Ave. Dirc"= Ave.
(ft) tion Vel. tion Vel.

a@an ".pring (deg) (!:t) (deg) (kt)

Virginia Heac'n
False Cape
Curli«uc~Ã Boacn Light".
Kitty Harris (Ocean)
Oregon Inlet
Cape Ha"tcras
Hatteras In: Gt,

3.4 4.1 355 1.1 165 0.3
3.S 4.3
3.0 4.3
3 2 3 d
2.0 2.4
3.5 4.3
3. - 4.3 305 2.1 150 2.0
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Surface currents.--Harrison e'l., (19S7) defined an

inshore surface eddy system Just south of Cape Hatteras.

This eddy is due to the combination of an inflow of surface

waters toward the mouth of Chesapeake Bay together with part

of the bay outflow. &d.lier (1992) found what appeared to

be a strong flow of suxface water from offshore which

impinged on the beaches near Curri"uck Beach Light. South

of Oregsn Inlet there was a strong flow in a southerly

direction close to shore.

Density-driven ci. culatiou.--Biglow and Sears (1935)

allude to indrafts of IM.gh salinity bottom water onto the

shelf as indicated by salinity profiles taken acx'oss the

shelf. This bottom water floes landward o replace that en-

trained by th s=awaro moving surface diluted by river run-

off * Hwcover) of s'' abed drif "..rs (Harrison, et al., 19b7)

released off the Chesapea(e Bight indicated shoreward drift

of bottom wacer which was oric» ed, at tines, toward

Chesapeake Bay tI:ough generally in a southwesterly direction.
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RAPID SEDIMENT ANALYZER CALIBRATION

Introduction

The Rapid Sedio~nt, Analyzer (RSA) is an instrument

which can be used to determine the range of fall velocities

of samples of sand. (Keigler et al., 1960; Schlee, 1906)

(Fig. 1) . fhe differential fall velocities of the various

sized grains of a sediment distribution may then be con-

verted to grain sizes. '1'hi.s syst'm measures these fall

velocities by means of pressure changes produced in a water

coluszi due to the settling of sediment through a specific

distance (100 cm) .

REASO'NS FOR USING ZHE RSA

The two most import ant factors favoring the use

of 'the RSA o've'r sieves are the increased speed with which

the RSA =an conduct analysis (Emery, 1'&33, p. 105) and the

fact that it is a behavioristic method. (Sengupta and

Veenstra, 196~, p. 03) . The sieving procedure lacks both

of these qualities. According to Schlee (1966, p. 407),

s steady worker can conduct from 40 to 09 analyses per day

\ '.4 if the samples are weighed and ready. I was able to do
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approxiruately 50 per day wi h samples weighed and xeady.

::iW Sieving, on the other. hand, is conducted at the much slower

!

."'-'ate of 20 to 25 per day. As for the gx'eater suitability

of the determination of. grain size based on settling veloc-

ity compax'ed to sieving, this settling approach is behavior-

istic, taking into considexation factoxs such as particle

density, concentxation, water temperature, shape and

roundness which determine size segregation in nature

(Sengupta and Veenstra, 19od, p. S3; Schlee, 19gb, p. 407;

giegier et al., 19o0, p. 495). Sieve determined diameters

are based on intermediatr grain diame"ers (Sahu, 1905,

p. 250), or some xunction oi intermediate diameter as

determined by shape (Ludwick and Henderson, 19SS) .

'..SA Descriotion

9ESCRIPTIOH GF ijRVICE

The RSA used for. this study, was purchased from

Benthos Inc., of Falmou h, Nasa. It consists (Fig. 2',

prlcarily of a vertical, transparent, plastic tube 12.7 cm

in diamete- and sligh ly over 1 meter in length which is

filled with water. A sandy sediment sample weighing between
"i

2 ga and 10 gm is quicjxly arid uniformly released at the

surface of the water column by a mechanism operated by a



~ Chand lever. Near che bottom of tiie se'ling tube and 100 cm

below the suzface of the water is an electrical, pressure
i..',)' transducer. This transducer has water inlets on both sides

and compares the water pressux'e of the settling tube with

that of a water-filled reference column of the saoe heigl=t

but to which no sediment has been added.

With the release of sediment into the settling tube,

. a pressure increase is registered by che transducer. As

grains of different size settle past the transducer port

(large particles first and small ones lasr) pressuxe as

sensed by t?e transducer is xeduced by a proportional

amount.

The signal from ''2e transducer operates an XY re-

corder so tha" " settlixig cuxve is drawn with voltage as the

ordinate and time as "h-- abscissa. Zhls curve is a function

of grain size disczibu'=ion.

LIHITA'ZION"-

Behavioristic LlQtation.--fhe Rapid Sedirent Analyzer

provides a behaviozistic measurcm-nt or sand size frequency

distributions. This behavior, however, is that of. suspended

load, while most natural sands have accumulated mainly as

traction load. Unfortunately no satisfactoxy conversion



ezists between the characteristics of suspended aud traction

sedinant (Sriggs and Niddleton, 19S5, p. 13; Brush, 19b5,

p. 24) . Nevertheless, size analysis by setrllng does better

land itself to the assessmenc of transpoxtational qualities

of tbe sediment than does sieve analysis (kuenen, 19id, p.

829). However, sieving is by custom the standard procedure

for determining grain size distribution, and settling

results are difficult to compare with it.

Truncation of th: i)istribution.--Particle size suit-

able for size determination by settling is almost entirely

confined to the sand range as indicarea by the following

llmLts CIA to 2mm (Schlce q 19SS y p 4vd) y 4'3u lower limit

(Kiegler et al., 19~0, p. 492), 50u lowex iM.c (Kuenen,

19ud, p. v'17), and G2v, to lmx; (Pools &c al., 1951, pp. 7, 3)

(This is because la "ger pa"-icles sec le too rapidly for

accurate analysis, and smaller particles settle too slowly).

Therefore, the set=ling distributions of many specimens are

necessax'ily txuncated on one or both ends.

Role of Shape Ln Grain Size Determination.--Sengupta

and Veenstra (19bd) found shape to oe very important in

grain size determinations. Diameters determined by sieving
jp and settling compaxed much more favorably for well rounded
./Ih '.,



grains than for elonga=e grains. The grain's inteznediatc
diameter or sou= function of it, is measured in sieving

while the long diameter controls settling deterzdnations.

Apparently, an elongate grain will frequently bounce up-

right and therefore pass through a sieve opening whose

oblique measure is close to the grain 's intermediate

diaseter. Vihen settling, however, this same grain assn'=s a

horizontal or oblique configuration iheruby allowing the

long diameter to control descent rate and resulting
diameter d~ ezmination.

Poole (1937, p. 4~3) found =hat usually settling
diameter was coarser . han sieve diameter. His explanacion

for I his was thl facl I hat the diagonal width of the sieve
mesh allows larger than expected grain sizes to pass. Thr

grains are evaluated, however, at their normal siev~ sixes.
Ludwick and H-ndorson (19oo) have pointed out that the value
of this erzoz will vary with d«grain's departure from

sphericity. Sengupta and Veenstra (19od, p. d4) state that
grains wi:h intermediat: diamet~zs of 1.4 tiur=s the normal

sieve opening can pass thz'ough. However, cumulative curves

plotted from sievin and settlin data b Schlee 1966 Tableg g y (
'.-;";,;.. 2) of 5 Cape Cod beach sands show coarser sieve distributions

than settling distributions oi '=t«same specimens in 3 of
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the cases.

Mater-Sade:nt Interaction.--Accordixxg to Kuenen

(196S, pp. 317, ~30), two aspects of water-sedimen» inter-

action that may have an adverse effect on grain-size

analysis are settling conviction and hindered settling

Settling conviction is the irregular, upward or do:mward

movement within the settling tube of clouds of sedisent

of varying densities fozw=d by diifereaxtial dispersion of

sediment. The heavier clouds axxd their entrained water

will sink at a greater sp ed than the fall velocity of

individual grains. As a result of tais, lighter clouds

are forced to rise. A marginal case of settling convection

is the "vertical density current" of Bradley (19u5) in

which plankton or volcanic ash introduced close to the

surfac- of a lake reached the bottom vapidly in high

density suspension clouds. Such a vczti.cal tubidity

current develops during SSA analysis, and may result in

sedimentatlon dixvters syst»Lxatically coarser than equiv-

alent sieve diawtezs.

Hindexed settli;xg is manifested by particles that

settle G diameters oz less from each other (Kuenen, 1963,

p. 317) . getardation oz their settling occurs because of
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the upward Liow of water around neig'hbozing gxains {NcNown

and Lin, 1952) .

Hindered se tling occurs in all settling suspensions.

Settling conviction occurs only in differentially dispex'sed

susp=nsions, wi1eze its effects ax'e dominant over hi12dered

settling, resulting in ix1czeased fall velocities.
Ludwick {personal conxxu;1ication, 19:9) has noted

that a turbulent e -feet was produced or4 a dye particle
stream of potassium pezmangance who 1 a particle of sax4d

settled pas'c at a distance of 2 particle diameters or

less ~ From this i4e co;1clu Jed that water-seditent inter-
action does not occur u11less '1e particles aze ailing at
2 diameters or less apart. Ideally, therefore, sediment

introduced i11to the SSA should be in sufficiently small

quan i y such th .t the grains will settle at least 2

diame. era:ZOm ~aCh Other. TitS haS 41Ot bee11 pOSSible

during thLs study due o t:1e sensitivity tl4reshold of the

recordez.

In'-ezactiox of Size CJaas~s ~
- Sci4loe {19'&2 p ~ 44~39)

found that fall Lra of a sediment withi11 a si44gl- class
is longer wi1en thLs class is the fin4.:st class of a multiple

class system than when it falls alone and even longer tilan
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when thc class is the coarsix par" of a multiple class

system. Cooice (1969, p. 7-'1) has noted that in a grain

size mixture smaller particles are entrained by the. larger

particles and accelerated downward by as xxxch as 15 per-

cent ov'r their normal fall velocities.

Sediment-Cvlinder Interaction.--~Jail effect (Krumbein

and Petti]ohm, 1933, pp. 9d, 99) is the resistance experi-

enced by a particle which is se'-tling near and parallel

to a wail. fhis concept was fuxtner elaborate d by Arnold

(1911) who found that settling velocity according to Stokes'aw
is not appreciably eff cted until the radius of the

paxticl - equals 107. of the radius of the settling cylinder.

Since viscosity of tki settling flui i is involved here,

and particles whose ve'cities conform -o the impact formula

are eve 1 less ef fec ed by f luid viscosi. ies than are those

whose velocities coxform to Sto'ces'aw, one would assure tha:-

wall effect would be even less of a problem in the, larger

grain size range concerned with in this study (settling
tube 127 mm in diaxx= er, grains 9.34 mm to 'Zu in kiametor).

Miscellaneous General Limits "iona.--Smoo:=k. particles

fall faster than rough on s (giegler et al., 19~6, p. 495),

xeprcducibility vf settling dis"ribution is poorer for tk e



coarse than fD: Ie fiIIE: ond of a settling distribution'l ~

t
(Pools et al., 13Sl, p. 1), i«creased teIapczatuze causes

decreased viscosity and increased settling velocity (&IOHown

and Lin, 1052, p.411), well sorted Sand settles Ignore rapidly

than poorly sozted salld (Schlee, 1930, p. 403) .

LizIitatio«s Specific to the Ecuipmnt Used.--'Zhe

pressure transducer (Pig. 2) incorporated in the IQA used

in this project had a hystexesis of T 0.1% oz" full pzessuxe

excursion.. Due to atteL!pts to increase 't e sensitivity of

the XSA in order to analyze szIaller than racoIaz -need sedisient

sazIpios, ':ys .Orcsis was i«czeas~d to - 2/. Therefore, tne

pressure differential sigilal sent Zzoxl the transducer to the

XY r cordez lags behind the actual effect of the transducer

diffeze«tial pressure to t1.- ext.-nt of 2%.

Ol oc, siolls, ti.c. Settling cuzv s produced by the

XY recorder did «ot return .o ti.e base lire.. Out of 20S

saxlples zun, 32/. "OIIained abcvo, 2% fell below, and S %

zeturiled ' «e base li«e, Phe 'e 'Ire 3 explanatio«G for

thos~ variatiolls: tza Is 'uce ~ drixt, 'Iys eri-si8 and slow-

settlillg sil= alld clay. Drift test curves were zun .

1
IIysteresis is the lagging of a physical effect

OD a body behixdi the cause of the effeet ~
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immediately before and aft-x eve "y analysis and the indicated

-.":i&.. drift error thereby coop«:nsated fox. Hysteresis and silt
h'--

and clay errors were cotpensated by ad„'usting the height
«

of the curves'ase lines to 49 point on the settling

curves.

Coziparison oz Sieve and Settlins. N« thods,--Several

of the writers cited above (Sengupta and Veeiistra, 19bd,

p. 97; Schlee, 195~u, p. li3 ') have concluded that the conver-

sion of settling tl««ie tc sedirxntation diazeter and

comparison with the cozzesponding siecle diazetcz is oft«.n3

unsatisfactory in th«. case of natural sands b~cause variations

of fall velocity du to waxer-sediment interaction, shape,

specific gravity, and other systetiatic ezrox's cannot be

satis actozally ta««-n into accou.it. For tl is reason, they

eel that cot«pa iao:i betwe& u these 2 types of Sozczxiinations

should ilo't b6 LIQde) aixd set ling velocity st ould ins "ead be

2.Scdimr nta"i«n diaxx.tez is the diaxetez of a sphere of
the sm- specific gzavit; aiid "he saon teziainal, unifoz«a
scttli.ig velocity as "he give«i particle in zh«; sano sediusn-
tati«n fluid (St. E;«ithony Pally Hydraulic ~laboratory, 1957,
p. 11).

3
Si«:vc diacx;tez is the length of the side of the

smallest square opening through which the given particle
will pass (St. Anthony Falls Hydraulic Laboratory, 1957,
p. 11) .



used as a n w grain parax«ter. I have, however, attenpted

such a co~arison between analyses of samples via calibrated

sieves and a ko-Top, and analysis of the sate samples in the

RSA. Ny results, presented on following pages, shrew that

the c(x'pariao»» is indeed difficult.

Sieve Calibration

Sieve calibration was conducted with a Mcroscope

calibrated by stage x»icrooxter. The aicroscope's 10K

xLd.croHeter oculor scale was fou »d 'to equal 14l ~ 5u pe

division with the 1QX ob»ective and S7.14u per division

with che 40czn ub]acti z=.. Oa all but 2 of the 21 quarter 4

sieves used in this study (-1.Q tP to 4.04), 100 xicroscopic

nnasurereu s of t«ah, widths were vade (-1.09 and -0.759

sic.ros had too x w t» sL» to port»it 1GQ xx=.asurex»ants) . This

consisred of t» aeasurc;Lx;nt of perpendicular distances

between the edges of parallel, adjacent wires. In this way

a row of warp and a row of shoot interspaces were measured

approximately across tl« center ox each sieve. Table II

shows tho loans and standard deviations of warp and shoot

1»»terspac&s for &=a "i» uf tLe sieves. In view of these

.ndings the sieves were considered to be acceptable.



Table II. ¹ans and srandard deviacions of discances bccween
warp and filling wires of eac«of ch: quarcur phi

sieves be"ween -1.00 phi and .4.00 phi.

Warp

Nord.na1
size (nn) Phi size x(~) o (cl3)

Shcor

X(l3LI) otal)

.- 2.00
1.651
1.41
1.19
1.00

-1.GC
.75
.50
.25
.00

2.04 .07
1.69 .03
1.42 .02
1.23 .01
1.02, 02

2.02 .02
1 ~ o9 ~ 03
1.40 .03
1.19 .02
1.00 .03

Linear
size (N) ~R oX)l

d41
707
595
500
420
350
297
250
177
210
149
125
105

74
U2

.25
+ 30

73
.';1.00
.';1. 25
-.'-1. 50
»1.75
-;.2. GC
.'.-2. 25
»2. 50
'.-2, 73

-',-3. 00
I 3 25
-»3. 30
-:-3. 75

u43.56
53». '4
92. 50

'I /3&*
423.12

:1 ~ 3U
29" 79
250.7.
179.12
211.74
13'3.7.'2U

21
1"7.35

77.72
l.

20. 66
46.56
10. 52
14 ~:- 3
0.57
7.2'0.29

2
5.14
9.52
3,62
6. "7
4.23
2 ~ oo
4.09

355.27
725.39
»+5
4 '9.62
415. I
265.31
309.33
230

'UC, 1&
214. 24
151.1S
132.07
110.26
91.45
77.;4
"5. 2

27.22
32.50
20.74
9.43

lb.01
9.92
9.01
6. 15
3.49
4.36
4.42
2.7J
o.03
5,22
3.56
5.39
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ESA Calibration Against Sic&os

CALIBjtATION SPECIMEN SELECTION

For eiie purposo of RSA calibzseion I chose a speciavn

of each of eho 3 basic so3$ enne typos found in ehu study

sroa. Thsss wore: 1) beach sands which woxc;: coarse

+ and aodoraecly scree:d, 2) n.arshor~ sands which wore fine

snd wall sorted, and 3) offsi.oxo sands which wars coax'sc

and poorly sor ad. Ths particular typo spc.-clxnns soloceod

were as follows: 1-Bc;-ach-1 (L=-ach), 1-G-1 (x~arsh rs)

and 1-0-3 (offshore) .

CALIBiMTION SPECINEN P ZPARATION

Srp=civsn prcpara ion consisted of sovsral seeps

(Pig. ~) 3asignsd:=o zoci 3 fo" i"ach spi.clean saxip .- total
initial wsight, weigh: of fraction loss than 0 I, weight

of carbonaew iraceicn, and w-ic he of silt and clay fraction.

Splits werc conducted by rxans of sample:. spli -tsz. Neighing

was conduc'=cd by triplo bean balai:co. Dispersion of silt
and clay was uf octo I by traai2xune wit h Aye sodiuei

hsxaneeaphosphaeo fox approxiexaecly 18 houzs. Seirxing was

conducted by electric blsnder for 2 ann. prior to wet

sieving. Bscalcific tion was conducted by 3.7/ HCl ercaeGx.ne
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until all CO2 foxuatiun c=ased. Dxying was conducted in

an electric, laboratory oxen a- 100 C for approximately 24

hours.

SIEVE Al'lALYSIS OF CALIBRATION SPECIOUS

From each of the 3 above-mentioned calibzaticn

specimens, 5 splits of approximately 30 gm each were

obtained. Splits wox'e then sieved at 1/4 {If intervals

from -0.75 to 4 foz 15 min. on either a Soil Test cx

Ro-Tup sieve shalcex. Initial sicvings were conducted

on the Scil Test sieve shalc~r, but mechanical failure

necessitated cocipletion on zhe Ro-Tap. Fx'acticns woxe

then weighed "o 3 decimal places on a Nettler balance.
s In order to compare the Scil Tes" shalcc- used

with th- more stan'a.. = .lo-Top, splits uf the sano oar pie

were used, and the results ccmpared. Ti.e comparison uf

size distzibution cx-;ans cf 3 sand aplits siu rcd on both

shakers ia seen in Tab'II . The folluwing coc~rison

pzoceduzc was us 1d: 3 spli s of a fine grained sand from

the lower shcxe face;coze sieved at 0.5 8 intervals from

0.0 g to 4 4 on each shalcc.z foz varying periods of tiu'.

{30 min., 20 min., 15 min., and 10 min.) and the resulting
I

size distributions cor.pared statistically by Student's t
I
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f4',

method. lie probability that the 2 shakers produce the

32

ssoe results was found to be 43/. Since any value over 20%%d

indicates insigLLificant dif ferences (Folk, 1903, p. 62),

the 2 shakers were considered tv produce the sane sieving

results (personal coat unication, Dill, 1969) .

'; Table IZZ. Comparison of III size distribution r sns obtained
by sieving on Ro-Top and Soil Test shakers
(Dill, personal corxmnication, 1909).

Tice (min)

30

Solit Ro-Top

3.43

Soil Test

3. 42

30

30

20

3.35

3.39

3.40

3 3M

3 ~ 3 EJ

3. 3&

20

20 3 3& 3.37

15 3.37 3.40

15

15

3.33

3.33

3.40

3.40

10 3.33 3.40

10 3.40 3. 37

3.37 3.40
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RSA ANALYSES OF CALIBRATION SPECIMENS

RSA splits of 3 gm were made from each of the

reconstituted sieve samples (beach, nearshore, and off-

shore) . Sample size of 3 gm was selected because it
produced adequate settling curve elevation yet remained

at the low end of the RSA manufacturer 's recommended sample

size range of 2 gm to 10 gm. In each case the sediment

samples were dispersed by hand as widely and evenly as

possible on the introduction mechanism (Fig. 2) in an

attempt to keep vex'tical density currents (Bradley, 1965)

to 8 sd.nil51m ~

In order to eliud.nate any settling differences due

to temperature fluctuations, settling tube water was

maintained at 22.3 C to 22.5 C for all analyses.

INTERPRETATION OF RSA CURVES

The overlay zmthod by Schlee (1966) was chosen to

evaluate RSA size distribution curves. This method consists
of placing over the settling curve a transparent, time-

size overlay upon which is drawn, at intervals along the

abscissa, vertical lines whose positions ax'e functions of

the fall times of particles of various sizes and therefore



Fibre 9. NoJXHod Scale~ overlay.
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repxesentative of their 8 sizes.

Schlee determined fall velocities of various phi

sizes by first sieving naturally occurring sand speciale
and then dropping them chrough the RSA. By lmowing the

sieved weight pexcentage, the fall times and therefore

velocities of the ma)or size classes of the sediment types

were read from the settling curves. Schlee s fall velocities

were used in this study, but the actual locations of the

8 lines had to be modified slightly to conform to my differ-

ent time base speeds as well as the need for quarter {ll

measurements (Fig. 9) .

The overlay modification was base ~ cn experlmontatlon

with the various time base speeds available on ny instrument

and the 3 basic types cf sediment in this study. It was

found most practical to operate the recorder time base at

0.5 cn/sec for 35 sec an 'hereafter ai 0.05 cn/sec during

ihe recording of settling curves. The locations of the

vextical 0 lines on the modified ov-.xlay had ro conform

io these velncitiis. The new locations of those lines

were determined by multiplying the settling tines on

Schlee's overlay by my base speeds. Thi qaarier 0 intervals

wex'e detexmined mathematically by raking the square root of

the products of the millimeter distance from the zero point



Piglre 1V ~ Typical Hagi-3 Se ii~nt .'analyzer settling

curve witt: zx; ~iSie 'c'nil.e uv rlay suyeriz;,.use '.



C

-learn r an acr crc

c ~ .c cc alc atc l

a cr ~ . / l.l'r 4n

r ncc/rac
(Scen/rrc)

0 Cn &!Jrc
(r.rrc cc/src)

S sr -Tsar rcscCay
(ubcirg area cscicr, iecc)



Fi~re 11. (noove) Envelopes of si.evin~ an serrlin
calibration curves.

Figure 12. (Below) Longiw~.'anal profiles of nodal

ltazaecer ab bern, 12 u &epoch, an-' lm fron shure.
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p-'o the x'espective 9 boundaries. A typical settling curve

with the modified overlay in the pxoper position fox'nalysis

is shown in Iigure 10. Cumulative percentages ax'e read off

the curve at the junction cf the curve ard the vertical {ll

size lines by a Gex'bex'ariable scale which divides the
kl

maximum deflected disi ance Gf the recorder pen into 100

equal paxts. The cumulative pexcents of each 5 size is

thereby determined by counting the number of scale incre-

ments from the cux've 's base line to these junctions.

f,cj

STATISTICAL EVALUATION

Various statistical parameters or the calibration

specimens were computed in order tc make quantitative

compaxiscns (Table IV) . N an, median, standard deviation,

s'kawness, and '.curtosis w.-r - determined for sieve and settling

data by the grapid.c method of Folic (19CrJ, p. 45-46) with

values obtained from the average cumulative curve values

in Figure 11. Nodes were determined by the method of

Spiegel (13S1, p. 47-40) .

As seen in Table IV, the 2 coarse sands (beach and

offshore) Trave coarser means by sieve analysis than by RSA.

The reverse is true with the fine sand specimen (nearshore).
5

This sieving versus settling xelationship is graphically



illustrated in Figure 11 where both methods of size analysis

produce cumulative curves with siMlar slopes but displaced

horizontally from each othor.

Table IV. Bta"istical information on calibration specimens.

Beach
(coarse,

moderately
sorted)

Nearshore
(fine,
well
sorted)

Offshore
(coarse,
poorly
sorted)

SieVe
size

di,stri-
buti( n

Rd4
size

distri
bution

SieVe
si,ze

distri-
bution

RBA sieve
size size

distri.- di.stri-
bution. bution

RSA
size

distri-
bution

1.41
1.79 1.70 3.27 2.99 1.70 2.02

mean 1.41

std dev ~ ' 83

median 1.42

skewness +0.01

kurtosis 0.99

0.52

1.72

-0.02

1.22

3.33 3.20 1.30 1.71

0.28 0.24 Q.Gi 0.52

-43.12 -;-0.35 -0.27 -0. 27

l. 07 0. 89 1. 18 1.42

3.31 3.13 1.43 1.82
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Comoarison of Sievina and Settling Results

The differences in size distribution obtained by

sieving and settling analysis are particularly noted by

comparing the test. specimens'ieving and settling

cumulative curve envelopes (Fig. Il) . It will readily

be seen that the curve slopes in each specimen's couplet

is siMlar. The ma)ox difference, however, lies in the

fact that each specimen's respective set of curve envelopes

are displaced laterally one from the other. Such a vari-

ation in size distribution by the 2 methods is probably

inherent in th-. Scble- (1366) method of interpretation

of the RSA curve as used in this stuJy. Various other

potential influences, 2 owever were investigated.

A microscopic count (30X) o mica and heavy minexals

was conducted on every sieve fraction of each specimen, and

averages w're obtained (Table V). A split of each sieve

size was placed on a glass slide, and both quartz and heavy

mineral particles were counted in 3 widely spaced microscope

fields. FielJs were selected w2J.ch contain-3 approximately

190 gm each. An ocular with cross hairs diviJing the field

into quadrants was used to facilitate counting. The flat,

low density mica grains settle more slowly than quartz of

the same sieve size. Size analysis of a sample containing



41

Table V. Comparison if mica an~ heavy r&neral content
of rhe 3 calibration specimens.

Beach
(1-A-1)

8earshore
(1-G-1)

Offshore
(1-0-3)

-0.75
-0.50
-0. 75

0.00

0.25

0.50
0.75

1.25

1.50

mica('K) heavies(X) mica(X) heavies(X) ad.ca(7) heaviesV)

0

1.0

1.75 0

.2.00

2.25 0

2.50

2.75

3.00 1

3.25 2

3.50 2

3.75

4.00 0

Average 0.5

7.0

4.0

10

10

5.7

10

5.4

10

23

20

20

11.1

10

15

7.4

10

10

10

13



mica, therefore, would be expected to result in a finer
'

settling distribution than a sieving distribution. Heavy

mineral grains due to their high density produce the opposite

effect (Emery, 1938, p. 111) . The highest average mica

content (7.4X) is seen to be in the offshore specitmn and

the highest heavy mineral content (11.1/) is in the near-

shore specimen. The beach specimen contains the lowest

quantities of both mica and heavies. No precise statement

can be made as to the extent to which these 2 extreme grain

type effect their respective distribution and cumulative

curves. It i.s, however, interesting to note that the high-

est content of heavy minerals is found in the only specimen

(nearshore) whose settling curve is coarser than its com-

panion sieve curve.

Tabl VI which shows pe"centage variati.on between
4nominal an-.'easured sieve screen openings indicates that

17 of the 21 calibrated sieves (dl/) have warp and shoot

interspaces 0.2/ to 6.3% larger chan their respective nominal

screen sizes. Brackets to the right indicate the sieve size

ranges included in 2 stan='ard deviations of each calibration

The nord.nal opening is the rated sieve opening
(Poole, 1957, p. 461).
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Table VI. Percent varis& ion between nominal and measured
sieve scree&&n openings with sieve size ranges
indicated by brackets and average percent
variations in parenthesis.

lvariations from Sieve size ranges
nominal screen size included in 2

standard deviations

Nominal sieve
size warp shoot

-F 00

-0.75
. 'f

-0. 50

-0.25
O.OQ

2. QOmm

l. 65uxn

1.4lrzn

l. 19mm

1.CGmm

2 ~ 0

0.7

3.4

1.0

-0.7

-0.8
O.G

0. 25

0. 50

0.75

1.00

1.25

1.50

1.75

84 1~

707'

95p

SCQ~350',3
1 *5

C. 4

1.7

-1. 0

-Q.l

1.8 -2.1
+v e
P A
o~ P'

+ Vh

a4 0
iO

2.00

2.25
2.50
2 'J
3.00

, 4.00

250'77p

210'49@

125'05px

eel
74@

62',21.2

2.7
3 '
5.0

-0.2

2.0
1.4
1.0
5.0
3.9
5.2
0 3

&J

+ e

W e
e4 K~o

~f0
J
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specimen's average sieve distribution. Avezage percent

variations from nominal screen sizes are in parentheses

beside the respective braci~ts: beach, 1.1%%d larger;
nearshore, 3.4'1, largez; snd offshoze, 1.1'l. larger. These

sieve sise increases over those indicat& d by the manufac-

turer would all be expected to promote coarser settling
'istributions than sieve distributions. As with the heavy

mineral counts above, the extreme value (3.4/ lazger)

involves the nearshore specimen which is the only one of

the 3 calibration specimens showing a settling distribution
coarser than its cozyanion sieve distribution.

Settling convection and hindered settling (Kuenen,

1963) play roles in this conflicting sieving versus settling
situation. Settling convection with its tendency to increase

settling velocity, particularly with fine, well sorted

sediments (liuenen, 19SS, p. 'll) would explain to some

extent the coarse settling distribution of the nearshoro

speciren (Fig. 11) compared to its sieving distribution.

It does not explain, however, "'-.e reverse relationship of

the sieving versus settling 'istributions in the beach and

offshore specimens. Possibly my modification of Schlee 's

overlay (Fig. 9, 10) over compensates for the expected

coarsing effect on sise distribution of settling over sieving



(Poole, 19S7; Schlee, 190') .

On the basis of computations by the writer, the

particles of offshoxe specimen (coarsest mean grain size

by sieve as seen in Table IV) will initially fall, if
regularly spaced, at a distance apart of 3.5 average grain

4 A.ametezs. The particles of the nearshoxe specimen with

the finest mean gx'ain size by sieve would fall at a distance

apart of 0.1 diameter. The distance between falling particles

of the beach specimen would be between those of the neaz-

shore and offshore specimens at 3.2 diameters. Vater-

sediment interaction is possible, therefore, in all 3

calibration specimens if Kuenen's cxiterion of 5 diameters

apart or less is a dhezod to.

Since sieves allow the passage of pazticles whose

intermediate diameters are 40 percent larger '=ban the

nominal sieve size, all 3 calibration specimens woul'e
+ expected to shcw coarser settlln than sieviug curves. Again,

only the neazshox'e speciten zeflects such an occurrence.

In a llitlon cu the above zentiined influences Gn

grain settling velocity there is a possibility that 3

consistent vox'iatiou in grain shape exists among these

calibration specimens. Such variations could have a con-

siderable effect on settling velocities and hence apparent
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e.'ettling distx'ibutions (Ziegler et al., 1960, p. 495;

~

~

~ ~Sengupta and Veenatra, 1968, p. 03; Schlee, 1966, p. 407).

Due to the xtensive nature of a shape determi.nation, this

analysis was not undertaken.

Table VII. Confidence lied.ts.

Beach
specimen

Nearshore
specimen

Offshore
specimen

Sieve RSA Sieve RSA Sieve RBA

Og

N

1.41 1.73

0.55 0.52

19 13

3.33 3. 20

0.28 0.24

17 7

1.30 1.73

.65 .52

20 10

1.59 1.03 2. 17

".975

~ 99

2 ~ 75

'2.44

The means of the sieve and settling size distributions

of each of the 3 calibration specimens were compared by the

2-tailed Student's t tc st (Table VII). No significant

difference could be found baleen the respective sieve and

settling distributions of the beach and nearshox'e specimens

at the 95'I level of significance,and the offshox'e specimen

the 99% level of alai flcance.



General

All results are based on RSA grain size distxibution

determinations of 205 seditmnr specitens obtained from the

sample net from Cape Henry tu Cape Hatteras (Fig.l).
In this chapter, the relationship of grain size to

Pf,'opogx'aphy is described, and samples have been relegated

to various provinces by 2 llfferent procedures. A qual-

itative procedure is bas d on grain size and topography

and a quantitative p ocedure is base 1 on factor vector

analysis. Further exarXnatlc,n of the sediment types has

been conducted by means of scatter plots of. various sta-

tistical paraLaters kcyc=d 'to foci ox'ector analysis,

"ualitative Evaluation of Se]leant Tvocs

No:ial 3iax!et r vs. bathvc~trv.--The relationship

between xodal ~leyte and bathymetry is seen in Figure 5.

Nodal diaxeter was selected fur this comparison because it
~~&;,'s considered to be most x'epx'esentative of sediment size:

it is unaffected d by truncation in the laboratory due to



Figure 13. (poove) Topographic map of study area (Y

discance be~its n 0 ations Al.thin 'transects are exag-

gerzte 3 cczq&ared to X distances).

Figure lb. (Below) Nodal diameter isople-n map.
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RSA 'limitations, and it i.s sensitive to the history of bed-

load transpox't.

Longitudinal modal diameter orofiles.--The 4 long-

ltudinal profiles in Figure 12 are size distribution modes

of specimns along the berm, 12 m depth, and 4 hm distance

from shore. The berm profile is plotted with original

values and also in a 3 point ruuzxing average to eliminate

small scale variations.

Regional overview.--Thi.s consists of a topographic

map (Fig. 13) and a modal diameter map (Fig. 14) . The Y

distance between stations within the transects in both

figures are exaggerated compared to the X distance between

transects. This distortion of ph) sical fact is conducted

to present a clear:r picture of grain size variation in

the highly elongate study axea.

SUBJECTIVE ASSESSMENT OF A~L DATA

The consi «aration of diagx arne ci'ted suggests that

the data may be grouped into a series of sediment provinces

on the basis of grain size and topogxaphy (Fig. 13, 14)

as follows:

A. Coarse sand of beach and surf zone.
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8. Fine, seaward fining sand of upper shoreface..

C. Heterogeneous sands o lower shorefacl.

D. Heterogeneous sands of the sea floor.

E. 'Zine sand of terminal. shoals.

Factor-vector Analvsls of Sediment Tvoes

TECHNIQUE

Factor-vector analysis was used to assess the data

quantitatively. This procedure is a statistical approach

which defines each sample, of up o 21 quarter phi weight

percents, as a vector in a 21 dimensional space (Imbrle

and Van Andel, 1904; Klovan, 1965) . Tne procedux'e takes all
possible cor&lnatlons of vectors 2 at a time an'ssesses
the degree of parallelism. Every vector then is resolved

into components cn four orthogonal axes; thus each sample

is described ln terms of 4 hypothetical end numbers. Since

an infinite number of l.-fold axial sets may be defined for

the system, a varimax procedure is used to detertd.ne which

set of "hooretical end numbers (ax -s) result in the least

amount of mixing (lowest entropy).

Factor loading values may range from -1 to -1.

Samples were assigned to 4 factorial classes on the basis of

which of the sample 's four factor loadings had an absolute



Figxre 15. (.Shove) Curulativn curvn envclopos

for tin 0 factorial so4iuent classy-:s.

Figurc 1G. (Scloxv) 3catt r plot o=. ~o4al grain

si"a vs. depth of sa4iwnt on tha shorsfac,=-.
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Figure 17. Scatter plot of zx.an,.-rain size vs.

skewDQss of sand on sttoreface
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Pl~use 18. S"e= ez plei uf sample deeph vs. pezceizi

fiue 0 L sho'ieface ~
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Fi~re 19. (Above) Scatter plot of sample depth

vs. percent carbonate cn shoreface.

Figxr 20. (Below) Scatter plot of mean ~rain size

vs. standard deviatiur uf sand on shcreface.
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Figure 2l. Scsttor plot of IQBsn '&rsln slz8 vs.

skesmess of. ssad on sea floor.



55

S EA FLOOR

0 p

4 4
4

0
4

a
a f'e

D ~
DD 4

~ o%

g 0

~ t
0

0

2
UJ 0

4
4

0
0

0
40

4 0

FACTORI-
0 0

0
0

0

4 0

-2 -I.5 -I 0 O. 5
SKEWNESS



Piedra 22. 3catrar plo- of m~~an grain size vs.

sian 'hard deviation un sos flour (circled points

cocm frora eopugrsphic highs) .
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Fi~re 23. Scatter plot oi nodal n~rain size diaster
vs. p.-rcent fines for tno entire study are:a.
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Ft,ure 2b. Scarcer ploi ef mortal .«rain slse vs.

percent caroonai for "i.e entire sru.i~J area.
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value in excess of 0.5. The values were not normalized because

the program used did noi provide for this transformation.

Hence a factor loading of 0.5 for a given theoretical end

member does not necessarily mean that the end member comprises

50 percent of the sample.

MTURE AND DISTRIBUTIOH OF FACTOR SEDINEMT TYPES

Cumulative curves.--Cur@lative curve envelopes for

the 4 iactorial sediment classes are seen in Figure 15.

Factor members and their corresponding spools are shown

in this figure. The same factor symbols are lao used in

other figu"es pertaining to factor-vector analysis.

Scat er nlois.--Phi moment parameters and other

petrographic parameters associated with the. factor sediment

types are presented in the follmslng scatter plots: sediment

types for the shoreface (Fig. 16-20), sediment typos of the

sea floor (Fig. 21, 22), and figures cotbining both areas

(Fig. 23, 24).

Factor 1.--The three elongate se ments of. the

cumulative curve envelope for factor 1 sands indicate 3

lognormal subpopulations: a coarse subpopulation laid

down by rolling, a subpopulation deposited by saltation,



Fi"ux'e 2S. (A'Jove) Dis|:zibueion of individual

facdoY sec1iccen+ tF'pcs,

Fi~uze 25. (Below) Coc;;posife nap of sedirun~

factor'Fpes,
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and a fine subpopulation deposited from suspension (Visher,

1969) ~ The suspension load in 'this and ot Ter factox

envelopes are not evident because lines indicative of these

loads ax'e almost vertical--almost as well sorted as

saltation load.

SeJiments in this factor group are the finest of

the factor sedlrents and have a mode of 2.33 to 3.57. They

occur mainly on the lower shoreface and on Diamond Shoals

(Fig. 25, 26), are well sorted, fine-skewed, and are rel-

atively rich in fines and carbonate material (Table UIII).

Factor 2.--Sedix'-nts with this endmember consist of

3 lognormal subpopulations pxoduced by rolling, saltation,

and, to a very slight extent suspension (Visher 1969) .

These specirens are fine to medium grained and are found

on the bern, in the su-f rene, and on portions of the sea

floox and Caps Henry Shoal (Pig. 25, 26) . Their modes

are 1.71 8 to 2.69 9, they are moderately well sorted, and

most of them are fine-s'cewe3. They contain a moderate

amount of carbonate and fines (Table UIII).

Factor 3.--These sediments axe composed of rolling

and saltation populations and exceedingly small suspension

populations (Vesher, 1969). They are found on the berm,



Table VIII

.w".a-";,

Ranges of parameters found in factor-vector scatter plots.

parameters

mode {I)

Factors
2

2.88 to 3.57 1.71 eo 2.69 2.42 eo 2.97 0.25 to 1.64

standard deviation (8) 0.21 -- 0.61 0.25 -- 0.86 0.23 -- 0.70 0.65 -- 1.10

sean (P)

skgwne s s

percent fine

percent carbonate

0.6 -- 17.6 0.0 -- 5.1

0.5 -- 4.5 0.1 -- 3.8

0.8 -- 8.6

0.1. -- 4.5

0.8 -- 9.5

0.3 -- 9.0

1.53 eo 3.48 1.20 eo 2.47 2.20 eo 2.97 0.05 eo 1.39

-1.91 eo 0.54 -1.38 to 0.57 -1.33 eo 0.52 -0.35 eo 0.52

Traction load:

Ave. range (O)
Ave. we. %

0.63 to 2.32 0.16 to 1.43 0.85 to 1.47 -0.85 to 1.30
1 25 5 59

Saltation load:
Ave. range (9)
Ave we. %

2. 32 eo 2. 62
11

1.43 to 2.42 1.47 eo 2.53 1,30 eo 2.02
57 47 29

Suspension load:
Ave. range (8)
Ave. wt. %

3.62 eo 3.99
88

2.42 eo 3.51 2.53 eo 3.82 2.02 eo 3.26
18 48 12
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in the surf zona, upper shoreface, and in various sasll
I deposits on the lower shoreface, sea floor and Dianond

Shoals (Fig. 25, 26) . Their grain sizes vary fry fine
I i.

fs,
to very fine with a modal diaraater of 2.42 9 to 2.97 g.

They are well sorted, and nest are postively skewed. They

contain zmderate amounts of carbonate and fines (Table VIII).

Factor 4 '-This endaeaber consists prinarily of a

rolling subpopulation, a moderate saltating subpopulation,

and an cxtreraeiy stLall suspension subpopulation (Visher,

1969) . Faccor 4 sands are the coarsest of the 4 fac"or

types and with a nodal grain diameter of 0.25 9 to 1.64 H.

It is found in s7 "- 11 patches on the sea floor (Fig. 25,'26),

is moderately well sorted, is positively skeweJ, and

is moderately rich in carbonate and fines (Table VIII).
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CONCLUSIONS

Regional Sediment Distribution

SHOEEPACE

The genesis of the Currituck Spit-Hatteras Island

complex (Fig. 1) is a perplexing problem, and the scant

coring reports and geomozphic data available (Fisher,

1967) personal comrmnication; Pi'rce and Colquhoun,

personal communication; Swift, personal comcnr&cation)

do not give a definitive answer. See discussion on page

8 of this report.

Lack of cores and radiocarbon 'ates precludos a

definitive statement on the origin cf Cuzrituck spit,

but the grain size data presented in this study plus

information of past and present littoral drift "irections

permit st informed speculation. The northward divergence

of beach ridges in the Sandbridge formation (Fig. 4) has

lead Oaks to postulate northward littoral drift on the

Virginia coast during the Sandbzidge time. Langfelder

et al. (1968) have assessed wave refraction patterns on the

modern coast and concluded that there is a ma)oz node in



the vicinity of OreHon Inlet. Drift noxth of the inlet is

north toward the Viz".inia border (Fig. 7). Since shoals

occur on the south sides of shipwrecks and groins on the

Virpinia coast, this trend appears to continue to Cape

Henry. Lanpfelder et al. (195S) consider the drift south

of OreSon Inlet to be Henerally south (Fig. 7).

Analysis of modal diameter on the berm between

Cape Henry and Cape Hatteras reveals a regional trend cf

fininp fror both capes towazd transect 3 (Pig. 12) . The

xeSional trend is inzerxupted by a stronp coarse anomaly

in the vicini,ty of. transects 5, 6, and 7. The factor map

(Pi.. 2C) shows that the zacimml trend results from an

adrd.xture of the relatively fine factor 3 sand to the coarse

factor 2 beach sands ln the central stations (Zzansects

3-8) . Thd.s factox'wp .ails to reveal the coarse ancznly

presuxmbly because the coax'se material is lumped with the

factox 2 cor@unent.

The pattern cf the seaward finiuS sands of the shoze-

face lacks the symmetry of the beach sand pattern. ht 12

mo'rs the shozeface san 'ines steadily tu the south (Pip.

12). The factox map (Fig. 25, 2G) shows that the factor

2 band of upper shoxefaco and the fact 1 band of the lowex

shoreface broaden to the south. The factor 1 band also



Fi ura 27. (Above) Hypothetical hlbeuarlc River

system froL'. Fisher, unpublished 'ia~~ran by J. Fisher,

Univ. Rhode Island.

Fi~mrc 20. (Below) Conceptual dias ran lllustratinp
sedi ant frectionetiun nodel developed by this

stu.'y.
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Here the anomaly is a geographic one. A tongue of fine

factor 1 sand pxotxuds seaward into what appears zo be a low

azea (Fig. 25, 26) .

It is possible to suggest a model for coastal sedi-

mentation that accounts fox these facts, though lt is not

necessarily a unique solution. The model intexpzets the

distribution of sediment on the North Carolina-Virginia

coast as the response of a Pleistocene substrate to the

modern hydxaulic regime. The hc.y is the anoualous sediment

pattex'n in the vicinity of transects 5, 6, and 7. Fisher

(1967) has intexprete l the beach ridge pattern of this

portion of Currituclc Spit as indicative of a former .

Albermazlo Inlet, originally the site of a late Pleistocene

an) early Holocene 'lbemarle Ri e'er (Fig. 27) . Presumably

the plug of coarse san.) now bloc!d.ng the former inlet was

surf-excavated from the undex'lying coarse channel sands.

The seaward protruding tongue of fine sand illing the

offshox'e swale my be the old x'iver valley partly filled

by fine sand wi&sowed fzcm the shozeface and adjacent highs.

The next more difficult pax't of the complex shox'e-

face sedixsnt pattern to unravel is the southwaxd fining of

the shoreiace sands seaward of the breakars. Since these
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seaward-fining sands of the zone of shoaling waves are be-

lieved to be winnowed from the surf, it sects reasonable to

suggest that they coarsen southward in response to increasing

input of wave energy. This suggestion is consistant with

geography. iJave refraction would cause wave height to

increase from the head of the Chesapeake Bight towards

its southern terminus at Cape Hattexas (Tanner, 1961).

The most difficult portion of the shox'eface grain

size pattern to intkrpxet is the regional txend of the

berm mo lal diameter . The increase of modal diameter from

transect 3 to Cape Hatteras parallels the trend at 12 n

an1 could likewise reflect increasing wave heights. The

reversal north of transect 3 may xeflect the incx'easing

exposure of Pleistocene substrate on the shoreface as the

mainland beach is approach.1 and increasing contamination

wit;. coax'sk Pleistocene sand.

The coarsening of bkzm Sand towax'd the north and south

could be alternatively explained as a consequence of pro-

gressive extraction of fines from the beach by wave action 88

the sand is moved north an 'outh from the Oregon Inlet

nodh. The asymmetry of. thk Uags Head anomaly is consistent

with tld.s interpretation, since the coarse sands appear to

be smeared out to the south. These 2 suggested mechanisms



of coarsening of the beach north along Currituch Spit are
1

not mutually exclusive.

SEA FLOOR

The sea floor in the Cape Henry to False Cape

area (tranaects 1-3) consists of coaxse, shelly, well-

sorted type 2 san'ith admixtures of other factoxs (Fig.

25, 26). Another study (Holliday, in preparation) shows

general increases of sc a floor grain size from False Cape

toward Cape Henry. This trend, however, stops sho "t of

the medium-~mained sand of. Cape Henry Shoal.

The explanation of this sediment pattern is speculative.

The Susquehsni River Wring lower sea level may have

supplied coarse sand. The proximiry of the modern mouth

of Chesapea'lu Bay may result in intensified tidal curx'ents.

In the south-central sea-flour poxtion of the study

area, between transects 7 and 10, one sees an area of coarse,

pooxly sorted, shelly, factor 4 sediment (Fig. 25, Table

UIII). This coarse se'iment may be not-yet-bux'ied Albermarle

Flood Plain. If this coarse area is of fluvial origin, its

high shell content (up to 10 percent) indicates heavy rework-

ing by marine processes.

The southern sector of the study area (transocts 10
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and 11) is the north flank of Diamond Shoals. Here the

fine factor 1 and 3 sands extend the length of the transects.

Apparently the shoal is " terminus foz littoral drift from

Ores on Inlet on the north and Hatteras Inlet on the south

(Tanner, 1960, p. 263; El Ashury and Wanless, 1968; Lang-

felder, et al ~, 1968, Fig. 3. 14) ~

Sediment fractionation of a Retreatin~ Shoreface

UPPER SHOREFACE SEDIMENT FRACTIONATION

Mechanics of fractionation.--Sediment fractionation

of the upper shoz face by wave action is well known. Storm,

waves in particular strip retreating unconsolidated coasts

down to the older Holocene back-barrier deposit oz to the

Pleistocene, substrate (Harx'ison and Wagoner, 1964, Pig. 2),

Following rhis, long period, flat, fair-weather swells

fractionate the material thus released from the substrate.

Within the surf zone, landward aovermnt of the coarse

fraction is caused by asymmetric wave suzge and mass

transport currents. Shoreward crestal surge of these

fairweather waves is stronger than the following seaward

trough surge. Hence, coarser sand is moved shoreward

(Inman and Nasu, 1956). Also, the mass transpoxt pxofile
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for fairweather swells indicates landward movement at the

sea floor (Longuet-Higgins, 1953).

Fine sand i.s transpoxted seaward of the surf zone by

the sheet-like, rJid-depth return flow of the russ txansport

profile, or by localized rip currents (Innanand Masu, 1956).

Further fxactionation results from intexaction between

oscillatory wave surge and the wave-generated sea floor

ripples (Euelegan, 1948). As crestal surge passes over the

ripples, it txansports coarse material shoreward, and finer

sand is suspended and trapped in the horizontal eddies

generated in the troughs. These, eddies rise and then the

seaward surge of the wave trough sweeps this entrained, fine

sand seaward. Thus sand settling in the zone of shoaling

waves seawar 'f the break r is divided into a co~rse,

lail dewar d moving bed load and a fine, seawar 'oving,

intermittently suspended load.

In addition to these xx..chanisms, the null line

mechanist originally set forth by Ccrnaglia (Nunch-Peterson,

1950) and recently tx'eated by Johnson and Ea leson (1966)

has also been suggested for se='iment fractionation on the

shorefsce. According to this postulate, successively

deeper isobarhs have successively finer grain sizes in

equilibrium with opposing forces of asymetric wave surge
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with depth down the shoreface (Fig. 5, 16, 18, 19). Node

and downslope gravity components. However, the validity

and significance of this mechanisr has been questioned by

some coastal oceanographers (See discussion in Swift, 1969,

1970).

Results of fractionation.--%whatever the hydraulic
lk mechanism for fractionation of shore-face sediments, it is

very efficient. hll measured parameters vary systematically

decreases exponentially due probably to ripple fractionation

(Fig. 16) . Percent fines (Fig. 1B) increases exponentially

and may, to sore extent, be due to settling lag, scour lag,

and other hydraulic mechanisms as postulated by Postma

(1967) for tidal flats. Seaward increase ln fines ray be

also due to lagoonal nud outcropping immediately beneath the

sand (Fig. 26) and a slower rate vf sand deposition with

distance from shore. This gives animals more of a chance

to work mud into the sand. In addition, turbid outflow of

ad]scent tidal inlets is frequently trapped in the near

shore zona. Note the nearshvre turbidity visible in the

frontispiece.

Percent carbonate increases down the shore face

(Fight

19) ~ This is probably due to a slower rate of sand
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input relative to production of shell arterial relative to

biological productivity and consists priuaxily of fragile

particles of razor clams (Solen virides Say) .

LGWEE SHOalE-FACE SEDIMENT FEACTIONAZION

Nodal diameter vs. depth.--The lower shore face

sediraent grain size goes through a aixdmua and then becoues

coarser (Fig. 5) . This is possibly due to the fact that the

fine, modern sand blaxuo t has become so thin that it is

contaminated by Pleistocene substxati found below lagoon

rude (Fi, . 28) . Also the lower shor face is sub]ect to a

different hydraulic regime than the upper shoxeface.

Probably only the surge of steep-sided storm waves is

effective at these depths, and such an inter'.ttent effect

would not be expecte 3 to fractionate the sedixJent to nearly

the extent seen on the upper shor face.

Eidze and swale xooography.--The subuarine sand

ridge systens of Micble Shoals and Falsi Cape tie to the

lowir shoxeface. Thi False Cape system has nigrated land-

ward since 1922 (Swift, it al.) hence it appears to be

hydraulic in origin. Large scale, longitudinal bedforas

of this sort have been ascribed to helical flow cells
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(Houbolt, 1968). It seems doubtful that the tide currents

of this area are significantly intense to mold such features.

They may instead be responses to coast-parallel, storu-

surge cuxrents. Such a regime may also be x'esponsible, to

an extent, for the coarser sands of the lower shox'eface.

Further analysis of the nearshore ridge systems are beyond

the scope of this report.

Sediment Fractionation of the Sea Floor

RECONNAISSANCE SAMPLE INTERVAL

Reconnaissance sample interval is gr nex'ally wider

than the wave length of the sea floor textural variations.

Therefore, the sea floor sectors of the study area appears

to be a nearly random 5istrlbution of factor 2, 3, and 4

sands. However, where ~~adown xid»es are sampled, crests

are always coarse, factor 2 and 4 sands and swales are

usually fine, factor 1 or 3 sands (Fig. 22).

FRACTIONATION MODEL FOR SEA FLOOR SEDIMENT

Houbolt (1968) describes sand ridges in the North

Sea built by special flow cells in the tidal currents.

These flow cells result in a coarse lag in the troughs and
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medium sand up on the ridges (crests). If ridge aad swale

topograpny of the study area's sea floor sectoz is the result

of spiral flow during storm surge, then the grain-size

distribution aftez a storm might resemble that described by

Houbolt (19GS). During fair weather, wave surge might

winnow fines out of the crests and return them to adjacent

males. This would result in ridges of homogeneous medium

grained sand and swales of fine sand with coarse lag

horizons. The observed pattern is consistent with this

~odel, but coring would be needed to verify the proposed

interbeddin, of the swal-s.

A 1iodel foz Sediment Fractionation

of a Pr treating Coast Line

ORIGIN OF HOLOCENE TRANSGRESSIVE FACIES

Th Johnsonian model; the sea floor as a w"ve-cut

terzace.--A critical relationship that has not yet been

discussed is the origin of both the sea floor sediment

and the sand blanket of the shozeface and their relation-

ship to each other. Johnson (1919) suggested that during

a rise in sea level over a shelf with a low sediment

input an abrasion platform would form with its seaward
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edge 100 fathoms below sea level. This platform would gently

slope up in a shoreward dix'ection for some indefinite distance

to a point where the gradually dampened waves would lose

their ability to erode the shore any further .

Curravb model: discontinuous coastal retreat.--With

sufficient sediment supply, a barrier may .row for a while

and thereby keep pace with the rising sea level. Eventually,

however, tho enlarged estuary or lagoon behind it formed

by the rise of the sea will txap too much of the river-

derived sediment. The barrier is then overtoppr d and the

lagoon becomes an open sound (Curray, 1964) .

Dillon's model; continuous coastal retreat.--Dillon

(1970), through a study of a baxrier beach-lagoon system in

Rhode Island, developed a barrier erosion mo'el in which,

with a xising sealevel, a barrier with a low sand supply

retzeats more or less continuously by a process of shore-face

erosion and storm washuvex.

This model is in distinction to that developed for

a baxx'ier with a high initial sedixxnt supply (Cuzzay, 1964);

such a barrier is able to stabilise and grow upwards. Dillon,

however, offers an alternative explanation as to the eventual

cause of foundering cf a well«nourished barrier. It is
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Dillon's belief that as the water deepens, and the area of

the barrier's shoreface increases, more and more sediment

is needed to maintain its top at sea level; ultimately it

is overstepped.

Dillon's scheme seems more applicable to the

Carolina-Virginia coast. River sand is trapped far inland

at the heads of estuaries; evidence cited in previous pages

suggests hat barrier is largely fed by its own substrate.

Oaks'rofiles (Pig. 3) suggest that the shoreface cuts

through the Holocene margi~i facies to the Pleistocene.

Bruun's thecrv: shore-face erosion and sea floor

av~radatii&,--Bruun has suggested a rise in sea level results

ln erosion of the shoreface and an equal-voiumn aggradation

of ad]scent sea floor (Bxuun, 1954; Harris, 1954, p. 17;

Swarts, 1965, 19~7, 1958). Bruun's hypothisis is supported

by the woxk of Hoody (19B4) who cites such an equal volute

transfer between the barrier and the off shore area between

Indian River Inlet and Bethany Beach, Delaware. Harris'

year study of the Long Branch, Hew Jersey dredge du~ing

site shows that luring this period there was erosion of the

shoreface and concomitant aggradation of the ad)acent sea

floor.



SEDIMEHT FR.".CTIOHATIO0 N)DEL DEVELOPED BY THIS STUDY

Tho model adopts the principles set forth by Dillon

(1979) and Bruun (1954) which are pertinent to sediment-

starved barriers of the Hf.ddle Atlantic Bight.

It xecoSnizes a two-fold structure as characteristic

of the sediment-starved class of barriers (Fip. 28) . A

constructional superstructure retreats in cyclic. tank-

tread fashion by storm erosion, storm washover, burial

and xeemerpence at the beach. Thc substructure consists of

the shoreface carved .into older Holocene materials and

into the subad]acent Pleistocene. Sediaent released from

this surface by stoxm erosion is noved mainly seaward

under the impetus of steep-sided storm waves. The

Holocene transSressive sand sheet would be thus foraed

in accordance with Bruun's theory. ',Jhiie this model

satisfactorily accounts for tI e Sxain size distxibution

xeported ln this study, it is not necessarily a uMi gue

solution. A pxoSxam of sea floor coring and monitorinS

of the hydraulic regime would be require 'o substantiate
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