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ABSTRACT

The 2-fold purpose of rhis study is to calibrate a
Rapid Sedirent Analyzer and to use it to ald in the deter-
mination of zhe genesis of sediment on the inmer continen-
tal shelf between Cape Henry and Cape Hatteras. Rapid
Sediment Analyzer calibration was conducted by comparison
of slieving and settling results of similar sands.

The study areca was divided ianto sedimeni provinces
by both a qualitative procedure (grain size and topography)
and a quanticatively procedure (£factor-vector analysis).
gualitative province: ave beach and surf, upper shore
face, lower shore face, sca £looc, and terminal shoals.
Tne berm fines from cach terminal cape toward :tha centrally
located False Cape wiil. an anomalous, coarse sccior in the
area of Wags Eead. This berm patterm is :l.ought to ve pari-
ly interited from the Fleistoccne subsirate and pax:ly due
<0 the modern hydraulic regime.

Seaward of rhe braaxkers the shore faca fines southward
probably trrough increased winnowing of fines as wave heigit
incr2ases. In general, the wave-driven fractionation

processes on the shore face are very efilicient since all

measurcd parameters vary cystematically with Jdepth.



On the sea f£loor a south and cenirally located
coarse sand is zhought to be an unburied Pleistocene
deposition. From Cape Hen»y to False Cape, the sea floor
is coarse aad well soriad and is probably due to a former
hydraulic regime and land mass.

The northern terminal shoal off Cape Henry comsists
of medium-grained sand, and the southern terminasl shoal
(Giamond Shoals) consisis of fine, well-soried sand. Imn
both cases the modern hydraulic regime is considered to

be the causc of deposition.
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INTRODUCTION

Purpose of Study

The purpose of this study is o investigace the
genesis of scdiment on the inner comtinental shelf of
Virginia and Northera ilorth Carolina.

The generally accepted model of Holocene continen-
tal shelf scdimentation is thaz of Emery (13567, 125J).
This model describes the conrinental shelves as having
been exposcd o subaerial (fluvial) scdimentation wuring
the Wisconsin low siand of :lLe¢ sea. As the ice caps melt-
ed, sealevel rose zcross the Atlanzic contineatal shelf

rom aboui 15,003 years ago io the present. The rcturning

8ea reworked :hie concinenzal shelf bostom to form a Holocene

(o3

ransgressive sand shecit. The following charvacteristics

0

re believed to indicate the rollct nature of this sand

shee: coarse and/or of heterogeneous size, iron-staining,
solution pi«ting (Fmecry, 1230), and anomalous fossils such

as elephants teeth (Whitmore, ot al., 1957), and oyster shells

(Merrill, ez al., 1303). The bottom om the shore face, land-

ward of the rellct sand, is believed to consist of seaward-

fining modecru sand in equilibeium wich the prescnt-day
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Fizure 1. Tramsects alung which proiflles ani sediment

samples have been collectad.
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hydraulic regime.

This study attcmpte o determine 1f the wellc: and
modern sand faciles really exist on the inner continental
shelf as postulated and co detcrmine thelr genesls on the

basis of a reglomnal grain-size recounaissance.

Location of Study

The study area chosen was the Cape Henry to Cape
Hatteras shoreline and 25«m geaward (Fig. 1). This area
was accessible aad is also representative of the Middle
Atlaniic Bight, in that it contains an adjacent bay nouth,

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

and an offshore ridge and swale topegraply.

Approach
FIELC METHCJS

Sample net.--Sediment spccimens of cpproximately

liter size were collected from a serles of tramsects
(Fig. 1). Eleven transzcts, normal to shore were sampled
every 20 im from Cape tlenry to Cape Hat:ieras. The beach
berm was sampled every 5 km.

Sampling of the transects began at the berm and
extended secaward at 2 m depth increments until horizontal

distmece increments becuame as large as 1 km. The 1 km



o

Figure 2. (Abuve) Woods Hole type Rapid Seiiment

Lnalyzer (Benthos Curp.).

Figure 3. (Below) Trausects through the Virginia and

Hurth Carolina coasts, from Oaks, 1944,
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- gampling increment was then contfmucd untlil Z comnsecutive

coarse sand samples of the type generally considered 'relict™
had been collected. If an acceptable sample had not been
obtained after 4 such intervals of 1 km, the intevval was
increased -exponentially (2 km, 4 km, etc.). If the desired
type of sediment was not obtained after a total distance
from shore 0< 25 xm, the transect was discontinugd.

Offshorc spucimens were obtained by 3hipek sangler
from the /V Albacross, a £5 ft. coastal trawler. Speclmens,
nowever, at the initial 2 m depth were obtained by diver,
and those from the berm w:ore obtained by hand from a beach
buggy. Berm specimens were collected in a 10 em dlameter
stove pipe sunk 7 cm into the sand.

Havigarion.--{ranscct intervals (Fig. 1) were

irizially deztermiucd by vehicle odometer measurement of
locazions previously szlec:ted by map. Individual stations
within the transccts were determined o0y radar, bathymetry
(Raytheon Depth Sounuzr), horizontal sexianc angles, and

dead reckoning.

LABORAICRY METHOLS

The laboratory procedure consisted of Rapid Sediment

Analyzer (Flz. 2) decerminations of the grain-size distrcibu-



Figure 4. Quateraary framework cf ihe Virginila-

North Carolina cuvast.
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tions of specimecng Irom each major transecct and all berm

.. stations. The Rapid Sediment Analyzer was used because it

is a relatively bchavioristic mnethod of analysis, and
because it is much more rapid in operation than sicving.
The analysis procedure is discussed fully in the sectioa on

Rapld Sediment Analyzer calibracion. The settling nethod

‘V: of grain size dectermination is behavioristic in that within

- limits it mikes use of the same hydraulic processes as

those encounterced in nature.

Rezional 3ctting

LATE QUATERNARY STRATIGRAPHY

Pleistocene 'basement. --The sand ridge and mud flat

complex oI the Sandbridge Formation deposited by a retreat-
ing marginal seca of probable late Pleistocenc age immedi-
ately underlies the Holocene beach and lagoonal deposits

of the Virginian Coas:. (Uaks and Coch, 1$53; Oaks, 19uc4;
see Figurce 3 and 4 this paper). A scuba dive ia a swale
off of False Cape revealad 15 cm of coarse, shelly sand

overlaying a1 stiff clay :zentatively correlated wirh the

. Sandbridge Formation (B. Swifi, personal communication).

The Holocene Sand Chect.--In 3 instances cores taken
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with a hydraulic coring system in the northern part of
the study area appear to have ncarly penetrated to this
surface. They consist of 20 cm to 1m of sand that appears
to fine upward. 1In 2 cases there is a coarse shelly gravel
at the bascs of the cores and in the chird case a coarse
coquina (D. Swift, persoﬁal communication) .

The tkickness of the basal layer is unknown since
it was sufficlently coarse to stop the corer. Large clay
fragnents presumably eroded from the Sandbridge Formation
waece found near the base of 2 of the corcs. 'fhe sejuence
cored is pr.sumably the Holoceme transgressive sand sheet.
Powers and Kinsman (1353, p. 229) have repozted recovering
37 similar corcs up o 1 m long just to the worth of this

study areca off the mou:h of Chesapecake Bay.

Geomorpinology.--The shoreline of the study arca

(Fig. 1 and 4) consis:s of a mainland beach seczor (Cape
Henry to Sandbridge), a spit (Currituck Spit), and a
barrier island (Hattcras Isiand).

Currituck Jplt may be cither a coast-parallel,
distally prograding spit (Fisher, 1933, 1967; Pierce and
Colquhoun, personal communication) or a detached mainland

beach (Hoyt, 1957). Probably a hecadland existed formerly in
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the vicinity of Oregon Inlct. Fisher (personal communication)

refers to such a formation as Bodic¢ Island Headland. Pierce

. and Colquhoun (personal communication) have found buried

A:soil profiles on Currituck Spit and Hatteras Island in the
vicinity of this hypothetical headland. Fisher (19&3,
1967) has found comsccutive, parallel,relict beach ridges
‘trending diagonally across the barriex along practically
the entire length of Hatteras Island. He interprets this
as indicating the original formation of Hatteras Island as
a southerly prograding gpit from the hypothctical Bodie
Island Headland. Such diagonal beach ridges are absent
on Currituck 3pic.

The shoreline of the cntire area probably dates
gkfrom the late Holocene reduction in rate of seca level rise
‘ when most modern barricr systems were initiated (Curray,
1954, p. 181). .ecording to Curray this reduction .
occurrcd between 7,000 2nd 4,000 years ago.

Historical records show chat with few exceptions

the entire ocecan shoreliae from Cape Henry to the North

Carolina linc (viciaity of False Cape) has exhibitrcd con-

tinuous vececssion since the carlicst surveys of record in

1355 (J. Felton, unpublished manuscript, Norfolk Corps of

Engincers). More recently Langfelder et al.(1963, pp. 73-30)




Figure 5. Bathymetry and medal llaveter uvi transccts.
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""" has demonstxated, by mecans of photogrammectric and wave

refraction metiiods, that erosion is dominant along the

 ,ent1re occan shoreline of North Carolima.

In the submarinc province of the study area, the
pottom profiles (Fig. 5) indicate that at most transccis
2 well-defined geomorphic provinces are present. The near-
iy planar shore facg has a gradient of & m/km down to an
approximate water depth of 14 m. 3eaward of the shore face
an undulating shelf floor slopes seaward at 1 m/km. Such
sharply angulated profiles secm to be characteristic of
eroding shorelines (Zemkovich, 1967, p. 205).

The seca floor exhibits a ridge and swale topography
with relicf up to 7 w (Uchupi, 1553, p. Cl7; sce C& G5 chart
1103). At False Cape cud Wimble Shoals,ridge systems associ-
ated with this topogzaphy tie to the shore £face at depths of
5 to 15 meters. These ridges parallel the beach ridges of
the Sandbridg: Formation and have becen considered relict
beach ridges (Sanders, 1303). More likely, however, they
are formed mnd mointained Sy the moderu hydraulic regime.
They have moved inland since 1222 (Avignone, personal commu-
nlcation), and the shorec face has cut dceply into the Sand-

bridge Formation (Oaks, 1964, Fig. 25). Presumably chis

%% has resulted in the destruction of any Pleistocenme relief.



Figure 6.

Swell diasyanm.

ot vy TR



12

T
O fg\

: r', NN
:\\\ﬁ\\%;):! o.r

RS L

\

uonrn,?{'?g\

CAROLINA .
. / —10
\5%«', F / PLRCENT

RN e
DT J“"'r'“ :

SWELL DIAGRAM i

w N Ay 2
.,-,\my L
)
.ﬁwm LOooxouT

1™ TRE SWELL DAGRAM THE LENGTR OF THE BAR DENOTES THE PEACENT OF THE TiME THAT SwWElLS
OF BACH TYPE HAVE SLEN MOMNG FROM OR NEAR THE GIVEN DIRECTION. THE FIGURL 1N THE CENTRA OF

THE CLAGRAM WOICATES ThE PEACINT OF CALMS.

e LOW SWELLS (16 FEET)
PR ecoivn wacs (e-arecti

. niGH SWELLS LOVER it FELT)

WOTH OF BARS NAVE BLEN WEIGHTED 1N PROPOATION TO Tol SWELL WEIGNT SGUARED.

THE SWELL DIAGRAN $}OWN ASOVE APPLILS TO THAT PORTION OF THE ATLANTIC OCEAN
SETWELN LATITUDE BS° ANO 39° NORTN AND FROM THE SHORK CASTWARD TO THE TO TR

MERI0iAN WEST.

VIRGINIA BEACN, VIRGINIA

BEACH EROSION AND HURRICANE STUDY

SWELL DIAGRAM

WU.8. ARMY ENGINEER DISTRICT, NORFOLX FEB 1967

ORAWN: MAN
[ CMECKED: JAR

REVIEWED'GOM * (8 U



SR GTT T SR, s Ty AR

2 mtmr o s

13

Hydrography

WAVES

L)

Swells reaching the coast between Cape Henry and Cape

Hatteras arc predominantly fcom the southeastern quadrant

_during the summcr and the northeastern quadrant during the

winter (Fig. 9). On an annual basis, however, swells are

 predominantly from the northeast. Of them, 9 percent are

| 1 to & ft. high, & percent are 5 to 12 ft. nigh, and 3 per-

cent arc owver 12 ft. Calm prevails 19 percent of the time
(Beach Erosion and Hurricame Study, U. 5. Army Corps of

Enginecrs Norfolk Districz, Unpublished Report). The data

from which the swell diagram was made were obtained from ships

£~

operating between shore and aa average distance of 392 (540 km)
offshor..

In the vicinity of the entrance to Chesapeake Bay,
for all seasons, the swells are prcdominantly from the cast-
northeast. [he most frcquenitly rvecorded wave height is
0.75 m. Calm or sw.lis of less than 15 cm in height pre-
vails 31.7 percent of :clic time (Coastal Engineering Research

Center, Tech. Mecmo. No. 55).



Figure 7.

(L<3z) Lengshore rift on the Cape Henry-
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LITTORAL DRIFT

The littoral deift (Fig. 7), is primarily northward

betwecen Capc Henry and Cape Hatieras (Longfelder, et al., 1963,

.p. 80; Bunch, 1939, p. 13). Apparencly tle prcponderance of

light swells which are from a southerly and easterly direc-

¥ tlon have tihe deciding cffect im the direction of drife.
=3

In addition, just south of Cape Henry, Harrisom, ¢t al. (1944)
have noted a clockwisec eddy. Such an eddy would contribute
to the northerly littoral flow in this portion of thes study

area.
TIDES

The zidcs along this outer coast are scmidiurnal,
and mean tijai range varies from 2.0 fcet at Oregon Ialet
to 3.0 feuz at Falsc Cape, Currituck Beach Light, Cape
Hatieras, and Hattcras Inlec. Table I presents tidal
auplitudes and tidal currents a:t various locations along

the outer coas: from Cape Henry to Capc Hatreras.
SEML -FERMANENT CURRENTS3

Montidal water motion in the portion of the continental
shelf involved in this study is the net result of may

variables.



16

Table I. Various tidal -saluczs at selected locations

e in the test azea.

Maxirum Currcnts

Flood Ebb

Tidal Range ©Direcc- Ave. Direc- Ave.

(£r) tion Vel. zion Vel.

Location M3an Spring (deg) zc) (deg) (kt)

Virginia Beach 3.4 4.1 355 1.1 185 0.3

Falsc Cape 3.5 4.3 :

Currizucic Becacn Lignt 3.9 4.3
Kitty Hawk (Ocean) 3.2 3.9
Oregon Inles 2.9 2.4
Cape Hatteras 3.5 4.3

Hatteras Inlct 3.5 4.3 365 2.1 150 2.0
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Surface curren:ts.--Harrisoun et al., (1957) defined an

inshore surface cddy system just south of Cape Hatteras.
This cddy is due to the combination of an inflow of surface
waters toward the mouth of Chesapcake Bay togecher with part
of the bay outflow. Miller (1952) found what appeared to

be a strong flow of surface watcr from offshore which
iﬁiﬁpinged on the bcaches near Currituck Beach Light. South
of Oregea Inlet there was a stioug flow in a southerly

direction close to shore.

Density-driven ciroulation.--Biglow and Sears (1335)

allude to indrafrs of high saliuliy bottom water onto the
shelf as indicated by salinity profiles taken across the
shelf. This bottom water flowa landward to replace that en-
trained by =he scaward moving surface diluted by river run-
off. Recovery of seabed deift.rs (Harrison, et al., 19067}
relecased off the Chesapeake Bight indicated shoreward drift
of bottom water which was oriunted, at tines, toward

Chesapeake Bay cl.ough generally in a soutimesterly dircction.

= @ 18
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RAPID SFDIMENT ANALYZER CALIBRATION

Introduccion

.RAPID SEDIMENT ANALYZER--DEFINITION

The Rapld Sedinent Analyzer (RSA) is an iustrument

“ . which can be used to determine the range of -fall velocities

" of samples of sand. (Zeigler et al., 1950; Schlee, 19G3)

e (Fig. 1). The differential fall velocities of the various

-
Ly

iR

sized grains of a sediment distribution may then be con-

verted to grain sizes. This systom mecasures these fall

" velocities by mecans of pressure changes produced in a water

colurm duc to the seitling of sediment througlh a specific

distance (109 cm).

REASOMS FOR USING [HE R3A

The two most irportan:t factors favoring the use
of the RSA cver sicves are the increcased speed with which
the ®SA 2an conduct analysis (Emery, 1735, p. 135) and the
fact that it is a bchavioristic method. (8cingupta and
Veenstra, 195., p. 93). The sicving procedure lacks both

of these qualities. According to Schlee (1366, p. 407),

~ a steady worker can conduct from 40 to 39 analyses per day

" if the samples are weighed and ready. I was able to do
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ﬁﬁroximately 5] per day with samples welghed and ready.
Sieving, on the other hand, is comducted at the muich slower
_Mfate of 29 to 25 per day. As for the greater suitablility

of the determination of grain size based ou sectling veloc-
.LAizy compared to sieving, this scttling approach is behavior-
Latic, taking into consideration factors such as particle
'5 'déﬁ;1ty, concentration, water temperature, shape and

roundness which determine size segregation in nature

AN

(Sengupta and Veemstra, 15u3, p. 33; Schlee, 1966, p. 407;
2iegler et al., 1940, p. 495). Sleve determined diamcters
are based on intermediate grain diameters (Sahu, 1965,
p. 750), or some fuaction of intermediate diameter as

; ~determlned by shape (Ludwick and Henderson, 1953).

* 254 Description
DESCRIPTIOR CF DEVICE

The RSA used for this study, was purchased from
Benthos Inc., of Falmouth, Mass. It consists (Fig. 2}

primarily of a veriical, tcansparent, plastic tube 12,7 cm

©  1n diameter and sligiitly over 1 meter in length which is
'ii; filled with water. A sandy sediment sample weighing between
é{~2 g and 10 gn is quickly and uniformly released at the

surface of the water coluum by a mechanism operated by 2
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‘iﬁand lever. Near the bottom of tik settling tube and 100 cm
“below the surface of the water is an electrical, pressure

% transducer. This transducer has water inlets on both sides
and compares the watcr pressure of the settling tube with
that of a water-Zilled reference columm of the sane height

R A

F:iﬁ{;but to which no scdiment has been added.

With the relcase of sediment into the settling tube,

a pressure increase is registered by the transducer. As

A

- grealns of diffcrent size settle past the tramsducer port

(large particles first and small ones last) pressure as
sensed by tte tramsducer 1is reduced by a proportiomal
amount.

The signal from *he transducer operates an XY re-
corder so that 3 scitling curve 18 drawa with voltage as the
ordinate and time 2s thc abscissa. fhis curve is a2 function

of grain size discribu:ion.
LIMITATIONG

Behavioristic Linitation.--The Rapid Seditent Analyzer

provides a behavioristic measurcment of sand size frequency

5 distribucions. This bechavior, however, is that of suspended
\;ioad, while most matural sands have accumulated mainly as

traction load. Unfortunately no satisfactory conversion
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s e#ists between the characteristics of suspeunded and traction
”'sédiment (Briggs and Middletomn, 1365, p. 13; Brush, 19995,

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

‘fend itself to the assessmenc of trausportational qualities

of the sediment than does sieve analysis (kuenen, 199646, p.
i§29). However, sicving is by custom the standard procedure

‘{fgf-determining grain size distribution, aund settling

results are difficult to compase with it.

Truncation of the pistribution.--Particle size sui:z-

-;able for size determination by set:zling is almost entirely
confincd to the sand range as iadicated by the following
limits: G2u to 2mm (Schlece, 1330, p. 4ud), 49w lower limit
(Zicgler et al., 1300, p. 492), 50u lower iindic (Kucnen,
196¢, p. ©17), and (2u to lmu (Poole et al., 1951, pp. 7, 3).
(This is beccause larger paciicles scctle too wapidly for
accurate analysis, and smallcr pariicles settle too slowly).

Therefore, the set:tling distributions of many speclmens are

necessarily truncaced on one or both ends.

Role of Shapc in Grain 3ize Determinacion.--Sengupta

and Veenstra (19¢2) €ound shape to be very imporzaat in

f i,ﬁgrain size determinacions. Diamcters determined by sieving

' and settling compared much more favorably for well rounded
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grains than for clongate grains. The grain’s internediate

‘4 dlameter or some function of it, is wmeasured in sieving

: ?~while the long diameter coatrols settling determinations.
. Apparently, an elongate grain will frequently bounce up-
right and therefore pass through a sicve opening whose

 ﬂbblique neasure is close to the grain's incermcdiate

dismeter. When set:tling, however, this same grain assums a

LA

horizontal or oblique configuratiom theruby allowing the
iiong dlameter o control descent rate and resulting
[  dianeter determination.

Poole (1557, p. 450) found rhat usually scttling
diamcter was coarser than sicve diaweter. His ¢xplanation
for this was the fact that the dlagonal widch of the sicve
mesh allows larger than expected grain sizes to pass. fhe
grains are evaluaied, nowever, at thelr normal sicve sizes.
Ludwick and Henderson (1950) have pointed out that the value
of this error will vary with the grain’s decparturce from

‘Sphericity. Sengupta and Veenstra (1953, p. J4) state that

grains with intcrmediate diameters vf 1.4 times the normal

sieve opecning can pass through. However, cumulative curves
;' p10tted from sieving and settling data by Schlee (1965, Table
"2) of 5 Cape Cod beach sands show coarser sieve distributions

fthan settling distribuiions of ihe same specimens in 3 of
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> the cases.

Water-Sediment Intcraction.--According to Kuenen

w(1963, Pp. 817, 530), two aspects of water-sediment inter-

‘action that may lLave an adverse effect on grain-size

;C}~;analysis are setiling coaviction and nindered settling.

-Settling convicicion 18 the irrcgular, upward or downward
‘imovement within the settling tube of clouds of sedizent
of varying densicics formed by diffcrential dispersion of
 gsediment. The heavicr clouds and chelr encrained water
will sink at a zreater speed than tihwe fall veloclty of
individual grains. 4s a result of thils, lighter clouds
are forcecd to rise. A marginal case of settling convection
is the ‘vertical density current” of Bradley (1905) inm
which plankton or volcanic ash introduced close to the
surfac: of a lake reaciied the oovttum rapldly inm high
density suspension clouds. Such a vertlcal tubidity
curreni develops during RSA analysis, and may result in
sedimentation dlawctcrs systematlcally coarser than equiv-
alent siecve dianctexzs.
Hindered set:ling is manifested by particles that

 settle § diamciters o less from each other (Kuenen, 1963,

'ah p. 317). Retardation of thelr settling occurs because of
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the upward flow cf water around neighboring grains (McNown
and Lin, 1952).

Hindered settling occurs in all scitling suspensions.'
Settling conviction cccurs only in differentially dispersed
suspcusions, wacre its cffects are dominant over hiudered
settling, wresulting in incrcased £all velocities.

Ludwick (pecrsonal communication, 1359) has noted
that a turbulen: cffect was produced vn a dye particle
stream of potassium permanganice whceu a pariicle of sand
settled past it at a distance of 2 particle dianeters or
less. From this he coucluded that waicr-scdicent inter-
action dces nct cccur uanless the particles ace falling at
2 diameters or less apart. Ideally, therefore, sediment
introduced iuto the KSA should be in sufficiently small
quanzity such that the grains will scitle ac leasz 2
diameters from each cther. This has no: been possiblce
during this study due 2o the scnsiciviiy threshold of the

recorder.

Interaction of Size Classes.--3culce (1555, p. 499)

©

found that fall tine of a sediment withiu a siugle class
is longer when this class is the fincet class of a multiple

class system chan when it falls alone and ¢ven longer than



when the class 1s the coarser part of a multiple class
system. Cooke (1989, p. 751) has noted that in a grain
size mixturc smaller particlcs arc entrained by the larger
particles and accelerated downward by as much as 15 pex=-

cent ovar thielr normal fall vclocities.

Sediment-Cylinder Iateraction.--Wall effect (Kruwbein

and Pettijohm, 1933, pp. 33, 33) 1is the resistance cxperi-
enced by a particle which is se:tling necar and pavallel

to a wail, [Ihis concept was further elaborated by Arnold
(1911) who fcund thai ccttling veioclty according to Stokes'
law is not appreciably cffocted until the radius of the
particle equals 10% of the vadius of the scitling cylinder.
Since viscosity of the settling fluid is involved here,

and particles wihcsce velocities conform to Che impact formula
are even less effected by fluid viscositices than are those
whose veloclitics ccocuform to Stokes' law, one would assume thaz
wall effeci would be cven less ouf a problem in the larger
grain sizc range concerued with in this study (settling

tube 127 mm in diameter, greains J.34 mm toe 220 in Jdiamcrer).

Miscellanevus Gencral Lindtations.--Smocizh particles

fall faster than rough cnes (Zicgler ct al., 1560, p. 435),

renreducibilicy of settling distribution 1s pecorer for the
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coarse than for -lie £ine c¢nd of a settling distribution
" (Poole et al., 13951, p. 1), increcased tcmperature causes
decrecased viscosity and increased scittling veloclity (McNown
and Lin, 1252, p.411), well sortcd sand settles more rapidly

than pcocrly sorted sand (Schlee, 1335, p. 404).

Limications Specific to the Equipuwent Used.--The

préssure transducer (Fig. 2) incorporated in the R3A used
in this projuct had a hysteresisl of T 0.1% c¢f full pressure
excursion. Due to attewpts to lncrease the scusitivity of
the RSA in uvrder to analyze smaller than recommended sediment
sauples, hystceresis was increascd o ¥ 2. Thevefore, the
pressurc differencial signal sent from the transducer to the
XY recorder lags behind the actual effcct of che transducer
diffevential pressure to the cxocat of 2%.

Oa cceasions, thie sattling cuzves produced by the
XY recorder Jdid not return o the basc¢ line. Out of 205
sanplcs run, 32% vemained abeve, 2% fell below, and €%
rerurned o the base iine. There are 3 explanations for
thesc varlations: stransluccer drifc, hystercsis, and slow-

a-

secitling sil: aud clay. Drift cest curves werse run - - . &

Hvsteresis is the lagging of a piysical cffect
on a body bzhind the cause of the cffcct.
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~immediately bcfore and z2fter cvery analysis and the iandicated

ldrift error therceby conpcusated for. Hysteresis and silt

% and clay errors were compensated by adjusting che height
f W !

'52'5 of the curves' basc lines to 4% point on the settling

curves.

 ﬂﬂM Compariscn uvf Sicve and Settling Methods.--Several

of the writers cited above (Sengupta and Veeusira, 1904,
';p. 97; Schlee, 1556, p. 403) have coancluded that the conver-

sion of settling time to scdimentation diarerer? and

3 is often

compariscn with the corresponding sieve diameter
unsatisfactory in thc case 0f natural sands becausce variations
of £al1ll velocity due o water-scdiment intergction, shape,
specific gravity, and cther systemetic errovrs camact be
satisfactcrally =zaken izéo accounc. For tlia reasen, they

feel that comparigua between these 2 types of determinations

should ot be made, and settling veloelty should instead be
b

ZSedimenta:ion dianezer 1s the diarneter of a sphere of
the same aspeecific gravity and the same terminal, uaiform
scttliag velocity as the given particle in the same sedinen-
tatiuva fluld (S:. Anthicny Fally Hydraulic Laboratcory, 1957,
p. 11).

3Sicve dlamcicer 1s the length of the side of the

+ smallest square opening through which the given particle
. will pass (8t. Anthony Falls Hydraulic Laboratory, 1957,
ope 11).
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used as a nww grain pararwter. I have, however, attempted

such a ccnparison between analyses of samples via calibrated

sicves and a Ro-Top, and analysis of thc same samples in the
RSA. My recults, presented on following pages, show that

H;,) the comparisoa is indeed difficulc.

Sicve Calibration

Sicve calibration was conducted with a wdciroscope
calibrated by stage micrometer. The microscope’s 10X
'1* mlcrometer oculor scale was found to equal 14.5u per
division wizh the 10X ubjective and 357.14u pex division
with the 40mm ubjeetive. Oa all but 2 of the 21 quarter ¢
sicves used iu this study (-1.2 ¥ tc 4.04), 130 ricroscopic
measurcrents of mesh widths were made (-1.00 and -0.750
sicves had tou fuw mesh to pernit 100 measurements). This
consisted of the measuvcrxnt of perpendicular distances
between the cdges of parallel, adjacent wires. In thds way
a row of warp and a row of shoot incerspaces were mcasured
approxitately acruss the center of each sievc. Table II
shows the rmeans and standard deviations of warp and shout

interspaces for cacin uf the sieves. In view of these

findings the sicves were considered to be acceptable.




29

“Table II. Mcans and standard deviations of distances bcetween
warp and f£iliing wires of each of the quarter phi
sleves betwecen -1.00 phi and -+4.00 phi.

D Warp Shoot
Ncominal
size (mm) Phi size x(cn) o (cm) x(ax)  ofmm)
... 2.0 -1.GC 2.04 .07 2.02 .02
. 1.651 - .75 1.59 .03 1.59 .03 -
1.41 - .50 1.42 .02 1.42 .03 -
1.19 - .25 1.23 .01 1.13 .02 -
1.00 - .00 1.02 .02 1.00 .03 o
Linear . at
size (M) z(n) 5(62)) x(u) o) o
361 ~ .25 345.56  20.55 355.27  27.22 5
707 3 .50 330.3%4 46.56 725.39  32.50 iﬂ
595 + .75 592.30 10.52 515,33 20.764 %
500 +1.00 502,26 14.03 623,52 9.4
£20 +1,25 423,12 5.57 415.27  15.01
350 +1.50 5:1.38 7.22 255,31 3.92
297 +1.75 295.79  106.23 319,33 5.01
250 2,62 253,75 4..2 253,35 3.15
177 +2.25 1759.12 5.14 130.12 3.49
210 +2.50 211.74 9.52 214 .24 4.36
149 +~2.75 150.72 3.52 151.15 4,42
125 +3.00 125.21 5.27 132.07 2.74
105 +3.25 137.35 4,23 110.26 5.03
o5 +3.30 $1.21 2,55 31.45 5,22
7¢4 +3.75 77.72 4.39 77. 2t 3.66

oy 4,33 1,24 4,.3 35,42 5.39




30

RSA Calibration Against Sicves

"' CALIBRATION SPECIMEN SELECTION

For the purpcse of RSA calibration I chosc a specimen
of each of the 3 basic sciiment types found in the study
area. Theee were: 1) beach éands which were coarse
L‘ﬁhd noderately sorted, 2) nearshore sands which were fine
;? and well sorted, and 3) offshore sands which were coarse
and poorly sorted. The particular type specirens seclected
were as follows: 1l-Becach-1l (bcacl), 1=G-1 (ucarshoure)

. and 1-0-3 (vffshore).
CALIBRATION SPECIMEN PREPARATION

Spccimen preparation consisted of scveral steps
(Fig. o) deceigned o recerd for cach speciten sample total
inicial weight, weight of fractiom less than 4 @, weight
of carbomnate fracticn, and weight of sil: and clay fraciilon.
Splits werec conducted by rneans of sawple splizter. Weighing
was conducizcd by triple beam balancce., Dilspersiom cf siltc
and clay was cffected by treatnentc with 4% sodiun
hexametapnusphaite for approximately 18 hours. Stlirring was
conducted by eclectric blender for 2 min. prior to wet

sieving. Deccalcification was conducted by 3.7% HCl trcatment
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‘until all CO, formaticva ccased. Drylng was conducted in

/'1. an electric, laboratory oven at 100“C for approximataly 24

" hours.
SIEVE ANALYSIS OF CALIBRATION SPECIMELIS

Fron cach of the 3 above-mentioned calibrazica

:fépecimens, 5 splits of approxlumiely 30 gn cach were

*¥ “ obtained. Splits were then sicved at 1/4 ¢ intervals

- from -0.75 to 4 for 15 min. on c¢ither a Soll Test ox

Ro-Tup sicve shaker. Initial sicvings were conducted
on the 3cil Test sileve shakex, bui wmcchardcal fallure
necessitaced completicn on the Ro-Tap. Fracticms were
then weighed <o 3 Jdecimal places on a Mecttler balance.

4 In order to ccopare the 30ll Test shaker used

with the more staunliare R0-Top, splits vf the same sauple
were used, and the results compared. The comparison uf
size distributica meang cf 3 sand aplits sicved on both
shakers is scen iu Table IIX. The folluwing couparison
procedurc was usad: 3 3plics oﬁ a fine grained sand from
the lower shere face were sieved ac 0.5 F intervals from

0.0 ¢ £o 4 ¢ on each shaker for varylng perlods of tic

# © (30 wmin., 20 min., 15 min., ond 10 win.) and che resulting

size distrilbutious comparcd statcistically by Student's t
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7 gathod. The probability that the 2 shakers produce the

| _'same results was found to be 43%. Since any value ovver 20%
’-Jrindicates insignificant differences (Folk, 1903, p. 62),
the 2 shakcrzs were considered to proiduce the same sieving

7 results (persunal commrdcation, DLll, 1958).

'$t@'i5b1e III. Cooparison of ¢ size distribution means obtained
T by siecving on Ro-Top and Soil Test shakers
(D111, personal comrmnication, 19¢9).

Mean
ﬁi;fIiEE (min) Split Ro-Top So0il Test
30 1 3.43 3.42
30 2 3.35 3.3
a9 3 3.39 3.3
20 1 3.40 3.35

2 3.42 3.41
3 3.33 3.37
1 3.37 3.40
2 3.33 3.40
3 3.33 3.40
1 3.33 3.40
2 3.40 3.37

3 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'bf 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 vertical density currents (Bradley, 1965)
to a minimum,

In order to eliminate 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 method 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 are functions of

the fall times of particles of various sizes and therefore



Modificd Schlee overlay.

Figure 9.
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representative of their ¢ sizes.

Schlee determined £all velocities of wvaricus phi
sizes by first sieving maturally occurring sand specicens
and then dropping them through the RSA. By knowing the
sieved weight pcicentage, tha fall times and therefore
velocities of the major size classes of the seliment types
were read from the settling curves. 3chlee's £all velocities
were used in this study, but the actual locations of the
g 1lines had to be nodified slightly to conforn to my differ-
ent time base speeds as well as the need for quarter ¢
measurcoents (Fig. 9).

The overlay modification was based cn experinmentation
with the various time base speeds available on nmy imstrunment
and the 3 basic types cf sediment in this study. It was
found most practleal tc cperate the recorler time base at
G.5 cn/sec for 35 sec and cherecafter ac 0.05 cm/secc during
the recording of settling curves. The locaticas cf the
vertical @ liaes on the modificd overlay had to cenfornm
¢ these veloeclzies. The new locations of these lines
were determined by ruliiplying the settling tires on
Schilee's overlay by my base specds. The quarter §# intervals
were determined mathewmatically by taking the square root of

the products of :the millimeter distance from the zero point



Ficure 10. Typical Rapid Seiliment analyzer settling

curve with rodifiel 3chlce ovarlay superiryosed.
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Figure 1l. (4buve) Envelopes of sieving and settling

calibraticn curves.,

Figure 12. (Below) Lengitulinal profilces of molal

Jlameter at bernm, 12 m Jepth, and 4 kn fron shure.
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’ to the respective P boundaries. A typical settling curve

with the modified overlay in the proper position for analysis
is shown in Bigure 10. Cumulative percentages are read off
the curve at the junction cf the curve and the vertical §
size lines by a Gerber variable scale which divides the

maxirum deflected distance of the recorder pen into 100

"equal parts. The cumulative percents of each @ size is

thereby determined by counting the mumber of scale incre-

mencs from ithe curve's base line to these junctions.

STATISTICAL EVALUATICN

Various statistical parameters of the calibration
specimens were compuied in order to make quantitative
compariscns (Table IV). Mean, wedian, standard deviationm,
skewness, and kurtosis wcre determined for sieve and settling
Jdata by the graphic method of Folk (13963, p. 45-46) with
values obtained from the average cumulaiive curve values
in Figure 1l1. Modes were determined by the method of
3piegel (1351, p. 47-43).

As scen in Table 1V, the 2 ccarse sands (beach and
offshore) have coarser means by sieve analysis than by RGA.
The reverse is true with the fine sand specimen (nearshore).

This sicving versus seitling relatiomship is graphically



mode

mean
std.
median

skewness

kurtosis

% Table IV.

dev.

2 horizontally from each cther.
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j% illustrated in Figure 1l where both methods of sizec analysis

) produce cutmlative curves with sinilar slopes but displaced

Statistical information on calibration specimens.

Beach
(coarse,
nuderately
sorted)
sicve R34
sizc sizez
Alstri- distri-
butiouin bucion
1.41
1.79 1.72
1.41 1.73
3.53 0.52
1.42 1.72
+0.01 -0,02
9.99 1.22

Nearshore Offshore
(£ine, (coarse,
well poorly
sorted) sorted)

sicve R34 sicve RSA
size size size size
distri- distri- Jdistri- distri-
bution bution bution bution
3.27 2.99 1.79 2.02
3.33 3.20 1.30 1.71
0.28 0.24 0.065 0.52
3.31 3.13 1.43 1.82
.12  -+0.38 -0,27 -0.27
1.07 0.39 1.18 1.42
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Compariscn of Sieving and Settling Results

The diffcrences in size distribution obtained by
sieving and settling analysis arc varticularly noted by
ccrparing the test specimens' sieving and settling
curmlacive curve envelopes (Fig. 11). It will readily
-be seen that the curve slopes in each speciren's couplet
is sirdlar. The major difference, however, iies in the
fact that each specimen's respective set of curve envelopes
are displaced laterally cne from the other. Such a vari-
ation in size distribuiiva by the 2 methods is probably
jnherent in the 3chlee (1366) method vf interpretation
of the RSA curve as used ia this study. Varicus other
potential influences, however were iuvestigated.

A microscopic cuunt (30X) c¢f mica and heaQy minerals
was conducted on every sieve fractiom of cach specimen, and
averages ware obtailned (Table V). A split of eacn sieve
size was placel vn 2 glass slide, and beth quartz and heavy
mineral particles were counted in 3 widely spaced microuscope
fields. Fields were sclected which contained approximately
190 gu each. An vcular with cross hairs dividing the field
intc quadrants was used to facilitate counting. The flat,
low density rdca grains settle more slowly than quartz of

the same sieve size. Size analysis of a saople containing




Table

-0.75
-3.50
-0.75
0.00
0.25
70.50
0.75
1.00
1.25
1.50
1.75

2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75
4£.00

Average

41
V. Compazison ¢f mlca and heavy mineral content
of the 3 calibraticn specimens.

Beach Ncarshore Offshore
(1-4-1) (1-G-1) (1-0-3)

mica(%) heavies(Z) mica(%) heavies(%) mica(%) heavies(%)

"

0 G 1 5 3 3
o 0 1 5 2 2
3 1.0 1 ) 1 4
Q 3.0 5 3 5 S
C 7.0 N} 5 7 10
0 4.0 5 B 2 2
0 8.C 3 9 10 1
0 5.¢C 1 10 8 10
J 7 10 10 12 10
1 19 11 14 11 N)
2 5 9 18 9 5
2 5 2 23 3 11
2 10 5 20 10 9
0 10 2 20 15 13
0.5 5.7 5.4 11.1 7.4 6.5
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- mlca, therefure, would be expected tu result in a finer
settling distribution than a sicving distribution. Heavy
'T' mlneral grains due to their high denmsity produce the opposite
effect (Enery, 1938, p. 111). The highest average mica
content (7.4%) 1s seen to be in the offshore specinen and
the highest heavy mineral content (11.1%) is in the near-
""" shore specimen. The beach specimen contains the lowest
quantiicies cf both mica and heavies. No precise statement
can be made as to the extent to which these 2 extreme grain
type effect theilr respective disteibution and cumulative
curves. It is, however, interesting to note that the high-
est content of heavy minerals is found in the only specimen

(nearshore) whuse settling curve is cvarser than its con-

panion sieve curve.

Table VI which shows percentage variation between
nomd.nal4 an3l ceasured sieve screen openings indicates that
17 of the 21 calibrated sieves (31%) have warp and shoot
interspaces 0.27% to 6.37% larger than their respective norinal

screen sizes. Brackets to the rignt indicaze the sieve size

ranges included in 2 standard deviations cf cach calibration

B ‘The nordnal opening is the rated sieve opening
(Poole, 1957, p. 461).
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- Table VI. Percen:t variation between nominal and measured
sieve screen cpenings with sieve size ranges
indicated by bracke:ts and average perceat
variacious in paventhesis.

%variations from 3ieve size ranges
nuninal screecn size included in 2
standard deviations

Nordnal sieve

@ size warp shoot
-1.00 2.00mm 2.0 1.0
-0.75 1.55um 2.4 2.4
-0.50 1.41mm 0.7  -0.7
-0.25 1.19mu 3.4  -0.8
0.00 1.0mm 2.0 0. -
0.25 841u 0.3 1.7
0.50 707 -1.5 2.5 ]
0.75 555p -0.4 1.7
1.00 500 1.6  -2.1 i ,;g;
1.25 £23u 6.7  =1.0 ;’g‘ E’é‘r
1.50 350u 3.3 N - g
1.75 297n -C.1 4.2
' 2.G0 250n 0.3 0.3
2.25 177p 1.2 1.8
2.50 210p 0.8 2.0 I -
2.75 143p 1.2 1.4
3.00 125p 1.0 1.0 1
3.25 105p 2.7 5.0 T2
3.50 eeu 3.0 3.9 ::
. 3.75 74u . 5.0 5.2 sy
, 4.00 62n -0.2 6.3 j.?
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specimen'’s average sleve distributivn. Average perceat
variations from nouinal screcen sizes are in parentheses
beside the respective brackets: beach, 1.1% larger;
nearshore, 3.47% larger; and offshore, 1.1% larger. These
sleve size increases over those indicated by the manufac-
turer would all be expected tu promote coarser scttling
““distributions than sieve distributions. As with the heavy
mineral counts above, the extreme value (3.4% larger)
involves the nearshorc specimen which is the only one of
the 3 calibration specimens showing a settling distributiom
coarser than its cowpaniva sieve distributioen.

Settling coavection 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 (Kuenen, 1953, p. 217) would explain to scme
extent the coarse scttling Jdistribution of the nearshore
speciren (Fig. 11) conpared to its sieving distribution.
It does not explain, however, tie reverse relationship of
the sieving versus settling Ziistributions in the beach and
offshore specimens. Possibly my modification of Schlee's
overlay (Fiz. 9, 10) uvver coupensates for the expected

coarsing effect on size distribution of settling over sieving
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(Poole, 13957; Schlee, 1933).

On the basis of computaticvns by the writer, the
| particles of offshore specimen (coarsest mean grain size
by sicve as seen in Table IV) will initially fall, if
regularly spaced, at a Jistancc apart of 3.5 average grain
Mameters. The particles of the nearshore specimen with
‘the finest mean grain size by sieve would fall at a distance
apart of 0.1 diaceter. The dJdistance between falling particles
of the beach specimen would be between those of the near-
shore and offshure specimens at 3.2 Jlameters. Water-
sediment interaction is possible, therefore, inm all 3
calibration specimens if Kueﬁen's criterion of 5 dianeters
apart or less is adherxed to.

Since sieves allow the passage of particles whose
intermediate Jiameters arc 49 perceat larger than the
nominal sicve size, all 3 caiibration specimens woull be
expected to shcw coarser setiling than sieviag curves. Again,
only the nearshcre speciren reflects such an occurrcunce.

In adltion tu the above renticned influences on
grain settling veluclty there 1s a pussibilicy that a
consistent variation in grain shape exists amung thacse
calibration specimens. Such variations cculd have a con-

siderable cffect on settling velocities and hence apparent




Table VII.

Beach
spccimen

Sicve R34

1.41  1.73
9.55 ©.52
19 13
30
1.52
+2.75

analysis was not under+aken.

Cunfidence limits.

Nearshore
specicen

Sicve RSA
3.33 3.20
0.28 0.24

17 7
22
1.03

+2.07

2-tatled Student's t test (Table VII).

2= the 99% ievcl of siynificance.
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settling distribucions (Ziegler et al., 1960, p. 495;
-Sengupta and Veenstra, 1968, p. 33; Schlee, 1966, p. 407).

‘Due to the extemsive nature v a shapc determination, this

Offshore
specimen

Sieve R34

1.36 1.73
.55 .52
20 13
36
2.17

2,44

The means of the sieve and scttling size distributions
of each of the 3 calibraticn specimens were comparel by the
No significant
diffecrence could be found between the respective sicve and
settling Jdistribuizions of the beach and nearshore specimens

at the 95% level of significance and the offshore specimen
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RESULTS

General

All results are based on RSA grain size distribution

" determinaticns of 205 scdimeni: specirens obtained from the

~sample net from Cape Henry tv Cape Hatieras (Fig.l).

In this chapter, the relationsidp of grain size to
topography is described, and samples have been relegated
to various provinces by 2 Mfferent prucedurcs. A qual-
itative prccedure is based on grain size and tupography
and a quantitative proceduce is basel on factor vector
analysis. Further exardinaticn of the sediuent types has
been conducted by mueans of scatier plots of various sta-

tistical parateters keycd to facior wector analysis.

Jualitative Evaluaticn of Selivent Types

DATA

MoJal Jiamcter vs. bathymetry.--The relaicionship

between rodal liamcier and bathymetry is secn in Figure 5.
Modal diaceter was selected fur this comparison because it
is considered io be most reprecsentative of sediment size:

it 18 unaffceted by truncation in the laboratory due to



Figure 13. (above) Tupographic map of study area (Y
distance between statiouns within transects are cxag-

geratel ccupared to X distances).

Figure 14. (Below) Modal diemeter isopleth map.
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RSA lirdtations, and it is sensitive to the history of bed-

load transport.

Longzitudinal rodal dicwetezr profiles.--The 4 long-

itudinal profiles in Figure 12 are size distribution modes
of spsciliens along the berm, 12 m depth, and 4 ka distance
fronm shore. The bern profile is plotted with original

values and also in a 3 point running average to elicdnate

snall scale variaticums.

Regicnal overview.--This consists of a topographic

map (Fig. 13) and a mcdal diameter wmap (Fig. 14). The ¥
distance between stations within the tramsects in both
figures are exaggerated coupared to the X Ilistance between
transeccts. This Jistortiuvn uf physical fact is conducted
to present a clearer plcture of grain size variation in

the highly elongate study area.

SUBJECTIVE .ASSESSMENT OF AREAL DATA

The consileracion of Jiagrams cited suggests that
the Jata may be grouped into a serics of sediment provinces
on the basis of grain size and topography (Fig. 13, 14)
as follows:

A, Coarse sand of beach and surf zone.
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B. Fine, seaward fining sand of upper shoreface..
C. Heterogencoue sands of lower shoreface. .
D. Heterogeneous sands of the sea floor.

E. 'Fipe sand of terminal shcals.

Factor-vector Analysis of Sediment Types

Factcor=-vector analysis was used tu assess the data
quantitatively. Tihis procelure is a statistical approach
which defines each sample, of up tc 21 quarter phi weight
percencs, as a vector in a 21 dJdimensiocnal space (Imbrie
and Van Andel, 1304; Klovan, 1368). The prccedure takes all
possible combinaticas of vectors 2 at a2 tlme and assesses
the degree of parallelism. Every vector then is resolved
into components on four orthegenal axes; thus each sample
is described in terms of 4 hypothetical end numbers. Since
an infinite number of &4-fold axial sets may be defined for
the systen, a varimax procedure is used to determine which
sett 0f theoretical end aunbzrs (axes) result in the least
amount of mixing (lowest entrepy).

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

Samples were assigned to 4 factorial classes on the basis of

which of the sample's four facteor loadings bad an absolute



Figure 15. (above) Curulative curve envelopes

€or the 4 factorial sedinment classes.

Figure 16. (Below) Scatter plot of modal zrain

size vs. depth of seliment ca the sherefaca:.
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Figure 17. Scatter plet of mean zrain size vs.

skewness of saund un shoreface.
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Figure 18, Scatter plet of sample detph vs. percent

fine oa shoreface.
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Figure 12. (Above) Scatter plotc of sample depth

vs. perceat carbonate on shoreface.

Fizure 20. (Below) Scatter plot of wean jrain size

vs. standard Jdeviatiorn of sand on shcreface.
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Figure 21. Scatter plot of mean grain size vs.

skewness of sand on sea floor.
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Fisure 22. 3catter plot of mean grain size vs.
stantard Jeviation on sea floox (circled points

come from topugraphic hizhs).
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Flgure 23. 3catter plot of medal grain size diameter

vs. parcent fines for the entire stuly areca.
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Fioure 24. Scatter olot of muilal grain size vs.

3
P
3
3

percent carbonate fur the entire study area.
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value in excess of 0.5. The values were not normalized because
the program used did not 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.

NATURE AND DISTRIBUTION OF FACTOR SEDIMENT TYFES

Cutulative curves.--Curmlative curve envelopes for

the &4 factorial sediment classes are seen in Figure 13.
Factor nmembers and thelr ccrrespending symbols axe shown
in this figure. The same factor symbuls are 2lso used in

other flgures pertaining to factor-vector analysis.

Scatter plocs.--Phi moument paraueters and other

petrographic parancters asscclated with the factor sediment
types are presented in the follouing scatter plous: sediment
types for the shoreface (Fig. 16-20), sediment types of the
sea floor (Fig. 21, 22), and figures coubining both areas

(Fig. 23, 24).

Factor l.--The three elongate segments of the
curmlative curve envelope for factor 1 sands indicate 3
lognormal subpcpulations: a coarse subpopulation laid

down by roclling, a subpopulation Jeposited by .saltatiom, -



Fisure 25. (Abouve) Distribution of individual

factor sediment types.

Figure 25. (Below) Compousite map vf sedinent

factor types.
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and a fine subpopulaticvu deposited from suspension (Visher,
1969) . The suspension load in this and other factor
envelopes are not evident because lines indicative of these
loads are almost vertical--almost as well sorted as
saltation load.

Sediments in this factor group are the finest of
the factor sediments and have a mude of 2.33 to 3.57. They
occur mainly on the lower shuceface and on Diamond Shoals
(Fig. 25, 26), are well sorted, fine-skewed, and are rel-

atively rich in fines and carbeonate material (Table VIII).

Facter 2.--Sedircnts wiich this endmember consist of
3 lognormal subpopulations produced by rolling, saltationm,
and, to a very slight extent, suspension (Visher, 1959).
These specirens are fine to medlum grained and are found
on the bernm, in the suzrf zone, and on porticns of the sea
floor and Cape Henry 3hoal (Fig. 25, 2%). Thelr wodes
are 1.71 @ to 2.539 ¢, they are moderately well sorted, and
most of thenm are fine-skewed. They contain a moderate

anount of carbonate and fines (Table VIII).

Factor 3.--These sediments are couposed of rolling
and saltation populations and exceedingly small suspension

populations (Vesher, 1959). They are found on the bern,
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Table VIII.

Paraueters

mode (¢)

standard deviation ()
mean (@)

skewness

percent fine

percent carbonate

Traction load:

Ave. range (@)
Ave. wt. %

Saltation load:
Ave. range (@)
Ave vwt. %

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

Ranges of parameters

2.68
3.21
1.83
-1.%1
G.6

0.5

0.63

3.62

to
88

3.57
9.61
3.48
0.54
17.6
4.5

2.32

2.62

3.99

1.71
0.25
1.20
-1.38
0.0

0.1

0.16

1.43

2.42

found in factor-vector scatter plots.

t£o

to

to
57

to
18

Factors
2.69 2042
0.86 0.23
2.47 2.20
G.57 ~1.33
5.1 0.6
3.8 0.1
1.43 0.85
2.42 1.47
3.51 2.53

co
47

to
48

2.97
0.70
2.97
G.52
8.6
4.5

1.47

2.53

3.82

0.25
0.65
0.05
-0.35
2.8
0.3

-0.85

1.30

2.02

to

to

to

to
59

to
29

to
12

1.64
1.10
1.3%
0.52
9.5
9.0

1.30

2.02

3.26
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in the surf zone, upper shoreface, and in varicus small
deposits on the lower shoreface, seca floor and Diamond
Shoals (Fig. 25, 26). Their grain sizes vary from fine

to very fine with a modal diameter of 2.42 @ to 2.97 4.
They are well scrted, and mest are postively skewed. They

contain roderate amouncs of carbonate and fines (Table VIII).

Factor 4.--This endneunber consists prinarily of a
rolling subpopulation, a moderate saltacing subpopulatiom,
and an cxtremely small suspension subpopulation (Visher,
1969). Factor 4 sands are the coarsest of the & factor
types and with a modal grain diaueter of 0.25 @ to 1.64 @.
It is found in srall patches on the sea flour (Fig. 25,720),
is noderately well scrted, is positively skewed, and

is moderately rich in carbenate and fines (Table VIII).



CONCLUSIONS

Regional Sediment Distribucicno

SHOREFACE

i

The genesis of the Currituck Spit-Hatteras Island
complex (Fig. 1) is a perplexing problem, and the scant
coring reports and geomorphic data availlable (Fisher,

1967) personal communication; Pizrce and Colquhoun,
personal communication; Swift, perscnal commmicaticn)
do not give a definitive answer. See discussion on page
8 of this report.

Lack of cores and radioccarben lates precludes a
definitive statement oa the vrigin of Currituck spit,
but the grain size Jata presented in this study plus
information of past and present littoral drift ZJirecticas
peroit some informed speculation. The northﬁard divergence
of beach ridges in the Sandbridge formation (Fiz. 4) has
lead Oaks to pestulate northward lictoral drifc cn the
Virginia coast during the Sandbridge time. Langfeclder
et al. (1968) have asscssed wave refraction patterns om the

modern coast and concluded that there is a major node in
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the vicinity of Oregom Inlet. Drift north of the inlet is
north toward the Virginia border (Fig. 7). Since shoals
occur on the south sides of shipwrecks and groims on the
Virginia coast, this trend appears to continue to Cape
Henry. Langfelder et al. (1968) consider the drift south
of Oregon Inlet to be generally scuth (Fig. 7).

Analysis of modal diameter om the bcrn between
Cape Henry and Cape Hatteras reveals a regicnal trend cof
fining frou both capes tuward transect 3 (Fig. 12). The
regional trend is interrupted by a strong coarse ancmaly
in the vicinity of transccts 3, 5, and 7. Thke factoi map
(Fig. 20) shows that the rzglenal trend results frcm an
admixture of the relatively fime factor 3 sand to the coarse
factor 2 beach sands in the central stations gﬁransects
3-8)., This factor map fails to rcveal the coarse anotaly
presumably because tie coarse paterial is lumped with the
factor 2 conmpunent.

The pattern of the ssaward finiug sands of the shore-
face lacks the syrmetry of the beach sand pattern. At 12
nezers the shoreface san’ fines steadlly tu the scuth (Fiz.
12). The factor map (Fig. 25, 26) shows that the factor
2 band of upper shorefacc and the fact 1 band of the lower

shoreface broaden to the scuth. The factor 1 band also




Figure 27. (Above) Hypothetical Albemarle River
system frony Fisher, unpublished !iagram by J. Fisher,

Figure 23, (Below) Cunceptual Jlagram illustrating
sadinent fractionation nodel dJeveloped by this

stuly.



66

Cc:l e Henry

False Cape
~ " ]
) Headland

Virginia

North Carolina

“A1bemarle River ”

(AN
orograding inter”
Z~—4~~ Bodie Island i

O \ “Headlond”

"coast pcrollol

Splil
Cape Hotteros
0‘\
0¢®
Mlgroting . ‘-\G
Capes'? ‘\o“
?
Core Banks
L,JX/' < “Headland"” __L_eq’eﬂi
= 4 _Present-doy barrier
:’M ‘ & Ieand chaih. '
/ww:ﬂlm Cope Lookout _/- Relict beoch ridges.
s ] -ocean, 0-30' depth.
D - Ocean,30-60 depth.
] 20 mi
—
FAIR-WEATHER HOLOCENE

BARRIER
4OLOCENE SANDS
TRANSGRESSIVE MIGRATING
TIDAL CHANNEL

SAND
/ﬁcsuz LAGOONAL CLAY AND 8AND If“" -

PLEISTOCENE CLAY AND SAND /

SHORE FACE
SAND VENEER

-~
—
T e - ‘\;\ DEPTH OF EROSION
ADJACENT TIDAL INLET



" mrr o

g

Ay,
Al
"
3 ok
Y
A
37
e -
o )
SN
ir
b2

67

reveals an anvmaly in the vicinity of tramsects 5, 6, and 7.
Here the ancualy is a scographlc ome. A tongue of fine
factor 1 sand protruds seaward into what appears to be a low
arzea (Fig. 25, 20).

It is possible to suggest a model for coastal sedi-
mentation that accounts for these facts, though it is not
necessarily a unique solution. The model interprets the
distribution of sediment on the North Carolina-Virginia
coast as the respoase of a Pleistocene substrate to the
nodern hydraulic regime. The key is the anomalous sediment
pattern in the vicinity of tramsects 5, 6, and 7. Fisher
(1967) has intecrprctel the beach ridge pattern of this
norticn of Currituck Spit as indicative of a former
Albermarle Inlet, criginally the site of a late Pleistocene
anl early Hclocene 4lbemarle River (Fig. 27). Presumably
the plug of coarse sanJ now blocking the former inlet was
surf-excavated from the underlylng coarse channel sands.

The seaward protruiing tongue of fine sand £illing the
offshore swale may be the old river valley partly filled
by fine sand winnuwed fren the shoreface and adjacent highs.

The next nore Jifficult part of the couplex shore-

face seldirent pattern to unravel is the southward findng of

the shoreface sands scaward of the breakers. Since these



68

seaward-fining sands of the zcne of shoaling waves are be-
1ieved to be winnowed from the surf, it secrs rcasonable to
suggest that they coarsen southward in respomse toO increasing
input of wave energy. This suggestion is consistant with
geography. iave refraction would cause wave height to
increase frcm the head of the Chesapeake Bight towards

its southern terminus at Cape Hatteras (Tanaer, 1961).

The most difficult portion of the shoreface grain
size pattern tu interpret is the regional trend of the
bern modal Jiameter. The increase of modal diameter from
transect 3 to Cape Hatteras parallels the trend at 12 n
and could likewise reflect increasing|wave heights. The
reversal north of iransect 3 may reflect the increasing
exposure of Pleistocene substrate on the shoreface as the
nainland beach is approached and increasing contamination
wit: coarsc Pleistocene sand.

The cocarsening of berm gand toward the north and south
could be alternatively explained as a consequence of pro-
gressive extraction cf fines from the beach by wave action as
the sand is noved north and swuth from the Oregon Inlet
node. The asymetry of the Hags Head anomaly is consistent
wirh this interpretation, since the coarse sands appear to

be smeared cut to the scuth. These 2 suggested mechanisms
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of coarsening of the beach north alung Currituck Spit are

not mutually exclusive.

SEA FLOOR

The sea floor in the Cape Henry to False Cape
area (transects 1-3) consists of coarse, shelly, well-
gorted type 2 sand with admixtures of other factors (Fig.
25, 26). Another study (Holliday, in preparation) shows
peneral increases cf sea floor grain size from False Cape
toward Cape Henry. This trend, however, stups short of
the mediun-grained sanl of Cape Henry Shoal.
The explanation of this sediment pattera is speculative.
The Susquchamna River Juring lower sea level may have
supplied coarse sand. The proximity of the modern nouth
of Chesapeake Bay may result in intensified tidal curreats.
In the socuth-central sea-floor porcion of the study
area, betwecen transccts 7 and 10, one sees an area of coarse,
pocrly sorted, shelly, factor 4 sediment (Fiz. 25, Table
VIII). This coarse seliment may be not-yei-buried Albermarle
Floo3d Plain. If this coarse area is of fluvial origin, its
high shell content (up to 10 percent) indicates heavy rework-
ing by marilne processes.

The scuthern scctor cf the study area (tramsects 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 tramsects.
Apparently the shoal is 2 terminus for littoral drift from
Oregon Inlet on the north and Hatteras Inlet on the south
(Tanner, 1360, p. 263; El Ashury and Wanless, 1968; Lang-

felder, et al., 1358, Fig. 3.14).

Sedinent fractioanasion cof a Retreating Shoreface

UPPER SHOREFACE SEDIMENT FRACTIONATION

Mechanices of fractionation.~--Sedimen: fractionation

of the upper shoraface by wave action is well known. 3toxn,
waves in particular strip retreating unconsolidated coasts
Jown to the older Hulccene back-barrier deposit or to the
Pleistccene substrate (Harrison and Wagoner, 1284, Fig. 2).
Following this, long period, flat, fair-weather swells
fracticnate the nmaterial thus released from the substrate.
within the surf zcne, landward movenent of the coarse
fraction is caused by asymetric wave surge and mass
transport currents. Shurewar: crestal surge of these
fairweather waves is stronger than the following scaward
trough surge. Hence, coarser sand is coved shoreward

(Inman and Nasu, 1955). Also, the mass transpirt profile
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for falrweather swells indicates landward movement at the
sea floor (Longuet-Hizgins, 1983).

Fine sand is tramsported secaward of the surf zone by
the sheet-like, mid-depth return flow of the mass transport
profile, or by localized rip currents (Incan and Nasu, 1956).
Further fractionation results from interactivm between
oscillatory wave surge and the wave-generated sea floor
ripples (Kuelegan, 1948). As crestal surge passes over the
ripples, it transports coarse material shoreward, and finer
sand is suspended and trapped in the horizonial eddies
generated in the troughs. These .eldies rise and then the
seaward surge of the wave trough sweeps this entrained, fine
san? scawarJ. Thus sand settling in the zome of shoaling
waves seawar: of the breaker is divided into a coarse,
laniward moving bed load and a fine, seawar’ moving,
intermlttently suspended luad.

In addition to these rechanisms, the null line
pechanism orizinally set forth by Cornaslia (Munch-Petersen,
1950) and recently treated by Johason and Eagleson (1366)
has also becen suggested for sediment fractionation on the
shoreface. Acccrding to this postulate, successively
deeper iscbaths have successively finer grain sizes in

equilibrium with opposing forces cf asymetric wave surge
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and downslope gravity components. However, the validity
and significance of this wechanisu has been questioned by
soume coastal oceanographers (See discussicn in Swift, 1369,

1970).

Results of fractionation.--Whatever the hydraulic

mechanisr for fractiomation of shore-face seditents, it 1is
very cfficient. All measured parameters vary systematically
with depth down the shoreface (Fig. 3, 16, 13, 19). Mode
decreases exponentially due probably to ripple fractionation
(Fig. 16). Percent fines (Fiz. 18) increases exponentially
and may, to some extent, be due tou settling lag, scour lag,
and other hydraulic mechanisms as postulated by Fostma
(1957) for tidal flats. Seaward increase in fings may be
also due to lagoonal nud ocutcropping immediately beneath the
sand (Fig. 26) and a slower rate uf sand deposition with
distance from shore. This gives animals more of a chance
to work rud intc the sand. In addition, turbid cutflow of
adjacent tidal inlets is frequentcly trapped in the near
shore zone. Nute the nearshure turbidity visible in the
frontispiece.

Percent carbonate increases down the shore face

(Fig. 19). This is probably due to a slower rate of sand
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input relative to production of shell material relative to
biologlcal productivity and consists primarily of fragile

particles of razor clams (Suvlen virides Say).

LOWER SHORE-FACE SEDIMENT FRACTIONATION

Modal diameter vs. depth.-~The lower shore face

scdiment grain size gocs through a minimum and then becomesr
coarser (Fig. 5). This is possibly due to the fact that the
fine, modern sand blanket has become so thin that it 1is
contaminated by Pleistocene substrate found below lagoon
ruds (Fig. 28). Also the lower shoreface is subject to a

i fferent hydraulic regime than the upper shoreface.
Prcbably only the surge of steep-sidcd storm waves is
cffective at these depths, and such an interuittent effect

would not be expectel to fracticnate the sediment to nearly

the extent seen on the upper shoreface.

Ridge and swale tonozraphy.--The submarine sand

ridge systens of Wimble Shoals and False Cape tie to the
lecwer shoreface. The False Cape systen has migrated land-
ward since 1922 (Swift, et al.) hence it appears to be

hydraulic in origin. Larze scale, longitudinal bedforms

of this sort have been ascribed to helical flow cells
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(Houbolt, 1968). It seens doubtful that the tide currents
of this area are significantly intense to mold such features.
They may instead be re¢spomses to coast-parallel, storm-

surge currents. Such a regime may alsc be responsible, to
an extent, for the coarser sands of the lower shoreface.
Further analysis of éhe nearshore ridge systems are beyond

the scope of this report.

Sediiient Fractionation vf the Sea Floor

RECONNAISSANCE SAMPLE INTERVAL

Recomnalssance sample interval is generally wider
than the wave length of the sea flour textural variatioms.
Therefore, the sea flocxr sectors of the study arca appears
£to be a nearly random ‘istributicn of factur 2, 3, and 4
sands. However, where zanown ;idges are sampled, crests
are slways coarse, facgor 2 and 4 sands, and swales are

usually fine, factor 1 or 3 sands (Fig. 22).
FRACTIONATION MCDEL 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 trcughs and
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mediun sand up on the ridges (crests). If ridge and swale
topography of the study arca's sea floor sector 1s the result
of spiral flow during storcm Surge, then the graim-size
distribution after a storm might resemble that described by
Houbolt (1968). During fair weather, wave surge might
wimnow fines out of the crests and returnm them to adjacent
swales. This wuuld result in rllges of humogenecus medium
grained sand and swales of fine sand with coarse lag
horizons. The observeld pattern is consistent with this
model, but coring would be anceded to verify the proposed

interbedding of the swales.

A Model f£fur Sediment Fractionation

0f a Retreating Coast Line

ORIGIN OF HOLOCENE TRANSGRESSIVE F4CIES

The Johnscnian model; the sea floor as a wave-cut

cerrace.--A critical relaticnship +shat has not yet bcen
discussed is the origin of both the sea floor sediment
and the sand blanket cf the shoreface and their relation-
ship to each other. Jchnson (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 sca level. This platform would gently
slope up in a shoreward direction for suvme indefinite distance
to a point where the gradually dampened waves would lose

thelr abllity to erode the shore any further.

Curxay® nodel; discontinuous coastal retreat.--With

sufficient sediment supply, a barrier may grow for a while
and thercby keep pace with the rising sca level. Eventually,
however, the enlarged estuary or lagoom behind it formed

by the rise of the sea will trap toc much of the river-
derived sediment. The barrier is then overtopped and the

lagoon becumes an open sound (Curray, 1964).

Dillon's model; continucus coastal recreac.--Dillon

(1970), through a study of a barrler beach-lagoon systen in
Rhode Island, developed a barricr erosion rmeodcl in which,
with a rising secalevel, a barrier with a low sand supply
retrecats more or less coutinuously by a process of shore-face
eroslion and storm washuver.,

This model is in distinction to that developed for
a barrier with a2 high initial selimeat supply (Curray, 1964);
such a barricr is able tov stabilize and grow upwards. Dillom,
however, offers an alternative cxplanation as to the eventual

cause of foundering cf a well-nourished barrier. It 1is
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pillon's belicf that as the water deepens, and the area of
the barrier's shoreface increases, pore and mere sediment
is needed to maintain its top at sea level; ultimately it
is overstepped.

pillon's scheme Secems more applicable to the
Carolina-Virginia coast. piver sand is trapped far inland
at the heads of estuariles; evidence cited in previous pages
suggests that barrier is largely fed by its own substrate.
Oaks®' profiles (Fig. 3) suggest that the shureface cuts

through the Holocene narginal facles to the Pleistocenc.

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

agrradaticn.--Bruuni has suggested a rise in sea level results

in ervsion of the shoreface and an equal-volurm agzradation
of adjacent sea floor (Bruun, 1934, Harris, 1954, p. 17;
Swartz, 1965, 1547, 1958). Bruun's hypothisis is supported
by the work of Moody (1964) who cites such an equal volure
cransfer between the barrier and the off shore area betwecen
Indian River Ianlet and Bethany Beach, Delaware. Harris'

4 year study of the Long Branch, New Jersey Jredge Junping
site shcws that during rhis period there was crosica of the
ghoreface and concomltant aggradaticn of the adjacent sea

floor.
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SEDIMENT FRACTIOWATION MODEL DEVELOPED BY THIS STUDY

The model adopts the principles set forth by Dillen
(1370) and Bruun (1954) which are pertinent toO sedinent-
gtarved barriers of the Middle Atlantic Bight.

1t reccognlzes a two-fold\structure as characteristic
of the sediment-starved claes.bf barriers (Fig. 28). A
conatructional superstructuie retreats in cyclic. tank-
tread fashien by storm erosion, storm washover, burial
and reemergence at the beach. The substructurec consists of
the shoreface carved into older Holocene materials and
into the subadjacent Flecistocene. Sedinent relecased from
this surface by storit erosion is nmoved maialy scaward
under the impetus of steecp-sided storn waves. The
Holocene transgressive sand sheet woulld be thus formed
in accordance with Bruun's theory. t/hile this medel
satisfactorily accounis fcr the grain size distribution
reported in this stuly, it is not necessarily a unique
solution. A pregram of sea flocor coring and nonitoring
of the hydraulic regioe woull be required O substantiate

itc.
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